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Preface

Feeding, like breathing, is central to our survival. I do not mean to the

survival of ‘our species’ but literally to the survival of each one of us. Yet,

unlike breathing, it has never been very clear to what discipline the study

of feeding belongs. In respect of children it is the province of midwives

and health visitors, of paediatricians and specialist nurses, of speech

therapists, of dieticians and nutritionists, of child psychiatrists, of psy-

chologists, and of others, no doubt, as well. To some extent this may

reflect the rather uncertain academic position of the study of nutrition

more generally. Whatever the reason, published research concerning

psychological aspects of nutrition in childhood is very widely scattered,

and this is, I believe, the first attempt that has been made by a single

author to gather it together in one place in the form of a book. No doubt

the attempt will leave a lot to be desired, but I hope that it will provide at

least an initial source and a reasonably useful framework for those who

need them in first approaching this area.

Tastes will differ, but speaking for myself I do not enjoy reading reviews

that report findings without giving any indication of the nature or quality

of the research that gave rise to them, so I have tried to say enough about

the research I cite at least to give a flavour of the methodology used in it.

This is, of course, a big field, and I have left out much more than I have

included, as is inevitable in a book of this size.

xi





1 Introduction

1.1 Introduction

My aim in this book is to summarise recent research dealing with psycho-

logical aspects of nutrition in childhood. Broadly speaking, these psycho-

logical aspects involve two kinds of problem – those concerned with the

development of behaviour that is related to food intake, and those con-

cerned with the later consequences of malnutrition, or more generally with

the later consequences of different types of nutrition. The overall organ-

isation of the book is developmental. I deal in turn with problems that arise

before or around the time of birth, with problems associated with infancy

and the weaning period, and with problems which are more characteristi-

cally associated with later childhood and adolescence. These are the major

transitions. Birth is a major transition because although malnutrition can

arise before or after birth (and malnutrition in both periods can have effects

on the child’s development), its causes before and after birth are obviously

different: only malnutrition after birth can result from problems with the

child’s own feeding behaviour, for example. Weaning is a major transition

between two quite different kinds of feeding behaviour. Adolescence and

the period preceding it involve transitions of a different kind, characterised

by changes in the meaning and significance of food and body weight rather

than in the nature of eating behaviour and the foods that are eaten. But

although the overall organisation of the book is developmental, some

departure from this order is necessary, and there cannot, of course, be

any strict demarcations between the different stages of life. Important

questions about infancy, for example, concern the later effects of early

nutritional experiences, and important questions about adolescence con-

cern the early precursors of the eating disorders that characteristically

develop over the teenage years. So when we deal with problems in infancy

we shall often also be looking forward, and when we deal with later pro-

blems we shall often also be looking backwards.

Here is a handful of questions that arise in this area. Does it matter if

young infants gain weight very slowly, and if so why? Are infants who gain

1



weight quickly more likely to be too fat as children, or even as adults?

Does it matter whether infants are breast-fed or bottle-fed, and if so, in

what ways? Does it matter if an infant is born very small? How should an

infant born before term be fed? Does the way they are fed affect their

subsequent development, and if so, how? How common is iron deficiency

in infants? Does it have adverse effects on the child’s intellectual develop-

ment? Do other forms of malnutrition have adverse effects? What should

we do about children who are picky eaters? Does it matter that their

choice of foods is narrow, and if so why? How can we encourage healthy

eating, especially the eating of fruit and vegetables by children? Are some

children born to be fat? Are children who are fat more likely to suffer from

low self-esteem, or in other ways? Is there an epidemic of obesity in

children, and if so why has it arisen and how should we deal with it?

Can schools help? How common is dieting in children and adolescents?

Which children diet and why? Does dieting put a child at risk of the

development of eating disorders? What other characteristics put children

at risk of an eating disorder? In what kinds of family are we likely to find a

child with an eating disorder, and how can we bring up our children so

that they can steer the right course between the Scylla of obesity and the

Charybdis of the eating disorders?

Some of these problems are wholly psychological in nature, and some

are partly psychological. Health psychology is not very good at keeping

within its academic boundaries, and nor, in my view, should it be – the

human world was not organised to conform to the academic structures of

British universities. They are all practical rather than theoretical pro-

blems, and my aim in this book is practical too: it is to offer a somewhat

sceptical appraisal of recent research on psychological issues that arise in

connection with nutrition in childhood. For reasons which will, I hope,

become clear, I have concentrated on areas in which we can call upon a

reasonably substantial body of research of reasonably good quality. It is

difficult enough to arrive at clear conclusions even in these areas.

Before we embark on our developmental journey, there are some

necessary preliminaries to deal with, and they take up the remainder of

this chapter (Chapter 1). Chapters 2 and 3 deal with feeding behaviour in

infancy, and then with the development of eating in older children.

Chapter 4 deals with the growth of infants before birth, and with the nutri-

tional problems of infants born too small, which may reflect malnutrition

before birth, or born too soon, which can be associated with nutritional

problems after birth. In Chapter 5 we turn to specific nutritional

deficiencies, especially iron deficiency and protein-energy malnutrition.

Much of the best research on these topics comes out of an interest in

the health and welfare of children in less developed countries; perhaps
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surprisingly, though, both kinds of malnutrition are also quite common in

infants and young children in more affluent countries. Chapter 6 deals

with physical illnesses or disabilities. This is a big topic, and I have tried

to do no more than sample one or two examples that have important

nutritional aspects. In Chapter 7 I deal with infants who for no obvious

medical reasons gain weight very slowly. Traditionally these are described

as infants who ‘fail to thrive’. This chapter might seem out of sequence,

and it is, but dealing with this calls for some prior knowledge of the

issues dealt with in Chapters 5 and 6. Chapter 8 deals with the opposite

problem – children whose excessive weight gain puts them on the path to

obesity. Finally, in Chapter 9, we consider the development of the major

eating disorders of later childhood and adolescence, especially anorexia

nervosa and bulimia nervosa. There’s nothing much in Chapter 10.

1.2 Growth and development

A particular reason for considering the issues involved in childhood

nutrition separately from those involved in adult nutrition is that child-

hood is the period of growth. When we talk in an everyday sense of a

child’s growth, we are generally referring to skeletal or linear growth, as it

is reflected in their height. But every organ system in a child is growing,

including their reproductive system and their central nervous system.

The growth of all these is dependent on adequate nutrition, so nutrition

and malnutrition in infancy and childhood can affect a child’s develop-

ment in ways that it does not in adults.

A useful overall framework for considering linear growth in childhood

is provided by the infancy-childhood-puberty (ICP) model (Karlberg,

1987; 1989). This considers a child’s growth as made up of three com-

ponents. The infancy component is continuous with fetal growth (growth

before birth), and lasts through the first year. This is a period of very rapid

growth. Then follows a period of steady but slower growth, the childhood

component, which lasts through to the beginning of puberty. In the

pubertal component there is a growth spurt, together with a rapid matura-

tion of secondary sexual characteristics, and skeletal growth then stops

with the attainment of adult height. We meet different kinds of psycho-

logical problems over these different periods. The special feeding

problems associated with nursing and weaning are characteristic of

the infancy period. A key milestone in the development of obesity is the

‘adiposity rebound’ which develops from about 3 years of age, in the

childhood period, when many eating habits are also formed. Eating

disorders such as anorexia nervosa commonly develop over the pubertal
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period, and important questions arise concerning their relationship to

sexual development and the other somatic changes that occur over puberty.

Unlike the skeletal system, which develops particularly rapidly early in

life, much reproductive development is rather late, though critical aspects

of reproductive development also occur before birth. Males and females

differ initially only in their chromosomes. The female has two large

X chromosomes, and the male one large X and a one small Y chromosome.

The presence of the Y chromosome leads by about eight weeks after

fertilisation to the development of a testis, which begins a few weeks later

to secrete the male sex hormone, testosterone. Testosterone leads to sexual

differentiation of the body into that characteristic of a male; in its absence a

female body develops. One obvious consequence of this process of sexual

differentiation is the development of different external and internal geni-

talia in males and females, but there are other more subtle consequences.

Girls mature faster than boys, for example (Tanner, 1989). They reach half

their adult height by 1.75 years, compared with 2 years in boys, and they go

into puberty earlier. It is principally because puberty is earlier in girls that

they tend to be shorter than boys, who continue to grow for longer. As well

as skeletal growth, there are important growth-related changes in fat dep-

osition over infancy, childhood and puberty. The general pattern of fat

deposition over the first ten years is reported by Fomon et al. (1982) and by

Fomon and Nelson (2002) and is shown in Figure 1.1. At birth a typical
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Figure 1.1 Body fat of the ‘reference child’ at different ages. The data
represent the proportion of body fat in an average child at each age, and
were derived from a variety of sources by Fomon et al. (1982). Males: ¤
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boy’s body is about 14% fat but this rapidly increases to about 25% at

6 months. This period of early infancy over which so much fat is stored

corresponds to the period of exclusive or largely exclusive milk feeding,

during which the mother’s lactation provides a store of energy that the

infant can call upon as they learn to feed independently. After 6 months

body fat slowly declines again to a minimum of about 13% at about 7 years

of age, from which point it starts to rise again (this is the ‘adiposity

rebound’). A generally similar pattern is seen in girls, though there is an

important sex difference here too. Girls have stored noticeably more fat by

the time they go into puberty.

The growth of the brain takes place principally before birth and in the

early childhood period. The weight of the whole body of a child at birth is

about 5% of the weight of a young adult’s, and at 10 years it is about 50%;

but the weight of a child’s brain at birth is about 25% of the weight of a

young adult’s, and at 10 years it is about 95% (Tanner, 1989). Of course

different components of the nervous system develop at different times.

Neurones in the cerebral cortex, for example, are initially generated

between day 42 and about day 138 of embryonic life (Kolb, 1999).

They migrate towards their final positions up to about seven months of

gestation. The production of axons, dendrites and synapses begins then,

but continues after birth. Synaptogenesis mostly takes place after birth

(Huttenlocher, 1999). Its exact timing is different in different areas of

the brain: in the visual cortex, for example, it takes place largely over the

first four months, and in the prefrontal cortex over the first year

(Huttenlocher, 1999). In speech-related areas it occurs first in the pri-

mary auditory cortex, then in Wernicke’s area, which is concerned with

receptive language, and then in Broca’s area, which is concerned with

speech production (Huttenlocher, 1999). One general ground for con-

cern about effects of nutrition early in life on subsequent psychological

development lies in the fact that vulnerability to malnutrition may be

particularly acute then (both before and after birth) as a result of the very

rapid development of the brain.

Although there has been some direct anatomical and physiological

work on the effects of malnutrition on the human brain, and extensive

work on its effects on the brains of animals of other species, structural and

physiological information concerning the effects of malnutrition on the

brain can only be interpreted in a way that is of importance in practice if it

can be related to functional effects of malnutrition. These functional

effects are mostly psychological, and can be examined in a number of

different ways. One possibility is to examine effects of malnutrition on

particular psychological functions – for example, its effects on perceptual

capacities, on different types of memory functions or on anxiety or other
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emotions. Another is to examine its effects on aspects of the child’s

development known to be of importance in their future lives. Learning

to read, for example, is the foundation of educational success, and it

would be important to know whether malnutrition delayed reading

development – which it might do through an effect on a variety of

basic perceptual or cognitive skills, or, for example, if it leads to absence

from school.

In practice, though, much of the available research in this area has

involved standardised developmental or intelligence tests. Whether

an infant is showing a normal rate of developmental progress can be

assessed informally by parents, by monitoring the attainment of different

‘milestones’ – taking the first step, speaking the first word and so on. In

research and other contexts that call for more formal measures a number

of tools are available to assess development in infancy in the same general

way (Wyly, 1997). The most widely used have been the Bayley Scales of

Infant Development, which were initially developed by Nancy Bayley in

the 1930s. They were published in a standardised form in 1969 (Bayley,

1969) and in a revised and restandardised form in 1993 (Bayley, 1993).

The original version covered the period from 2 to 30 months, and the

revised version the period from 1 to 42 months. They assess infant

development using a ‘mental’ scale, which is summarised as a mental

development index (MDI), and a ‘motor’ scale, which is summarised as a

psychomotor development index (PDI). Scores on these indices provide

a measure of overall developmental progress, tested using a range of tasks

that test skills of different kinds at different ages.

Studies that have investigated older children have generally used intelli-

gence (IQ) tests. IQ tests can be used from 4 or 5 years of age, and involve a

sample of tasks that reflect intellectual abilities, especially abilities of a kind

that are important in an educational context. IQ tests use well-standardised

procedures and have high reliability, and when IQ tests (or the standard

developmental tests such as the Bayley Scales) have been used in research,

it has been relatively easy to compare and combine the results of different

studies, which is important in trying to arrive at firm generalisations. In

unselected populations IQ tests show reasonably stable correlations with

adult IQ from about 8 years of age, and they predict later educational and

occupational success, even after other characteristics of the child’s family

have been taken into account (Fergusson, Horwood & Ridder, 2005;

McCall, 1977). There are, however, difficult problems with the use of IQ

tests in cultures other than those for which they were first developed

(Baddeley, Gardner & Grantham-McGregor, 1995). Apart from language

problems, the sample of intellectual skills that are appropriate in a Western

educational context may not be appropriate elsewhere. Even in Western
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cultures, the validity of IQ tests is difficult to determine. A striking example

of this problem is the remarkable rise in IQ over the last century, docu-

mented by Flynn (1987). There is no doubt that there has been a large rise

in measured IQ in every country in which we have data, but there is

considerable uncertainty about its meaning. We know children have got

better at doing IQ tests, but it is much less certain what other intellectual

tasks they have got better at.

Early developmental tests such as the Bayley Scales were developed as

practical tools for the detection and assessment of delayed development,

and some children whose development is delayed also have a relatively

low intelligence when they are older, as is typically found in Down

syndrome and other forms of learning disability. It does not follow that

there is a general correlation between scores on a developmental scale

such as the Bayley Scales and later intelligence. Bornstein et al. (1997)

point out that many of the items on the Mental Scales tested in the first

year involve perceptual-motor skills, for example ‘eyes follow rod’, ‘uses

eye–hand coordination in reaching’ and ‘picks up cube’ at 4 months,

and ‘turns pages of a book’, ‘fingers holes in pegboard’ and ‘builds tower

of three cubes’ at 12 months. There is no reason to think that success at

these tasks would reflect the sort of intellectual abilities required for

success in intelligence tests at later ages, and the extent to which these

and similar scales used in infancy actually do predict subsequent intellec-

tual abilities in typically developing children is very limited (Kopp &

McCall, 1982). Combining different studies, the median correlation

Kopp and McCall found with IQ at 8 to 18 years if the infants were tested

between 1 and 6 months was .06; tested from 7 to 12 months it was .25;

tested from 13 to 18 months it was .32; and tested from 19 to 30 months it

was .49.

Attempts to develop more specific measures of cognitive performance

in infancy of a kind that might relate better to later intelligence have had

some success. McCall and Carriger (1993), for example, review the

relationship between performance on habituation and recognition mem-

ory tasks in infancy and later intelligence. Habituation tasks can be

carried out from birth, and even before birth. They can use a variety of

sensory stimuli; after birth visual stimuli have generally been used. If the

same visual stimulus is presented repeatedly the time spent looking at it

by the infant decreases over time. Controls involving the presentation of a

changed stimulus show that this decrease is not due to tiredness or simple

sensory adaptation. It involves, rather, the encoding of the stimulus into

memory so that it becomes familiar and no longer attracts attention.

A closely related task involves visual recognition memory, in which a

pair of standard visual stimuli are presented together over a series of
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trials, and one of the two is then replaced with a novel stimulus. The

higher proportion of time spent looking at the novel stimulus provides a

measure of the extent to which the earlier standard stimuli have become

familiar, something which again depends on the encoding of the stimulus

into memory. McCall and Garriger (1993) summarised the results of a

large number of studies of the relationship between habituation or recog-

nition memory in the first year and later intelligence as measured with

IQ tests. They found overall correlations of .39 for habituation and .35 for

recognition memory studies. These are higher than the correlation found

between traditional infant developmental scale scores in the first year and

later intelligence. There is, however, also a worryingly high correlation

(�.56) reported in this paper between the size of the correlation found in

each study and the size of the sample in the study. The reason this is

worrying is that a correlation of this kind is typically found when there is a

publication bias in favour of larger effect sizes, which are more likely to

be statistically significant (Sutton et al., 2000). A publication bias of this

kind would mean that the correlations of .39 and .35 could not be taken

at face value.

In any case, any correlation between a test given in infancy and a test

given later that is less than perfect (r< 1) implies that some children are

changing their relative position over time – improving or getting worse –

and no currently available test carried out in infancy shows a correlation

with later intelligence of more than about .4. Children might recover

from effects of malnutrition measured early in life, just as they recover

from effects of other kinds of early adversity (Clarke & Clarke, 2000). So

whether there are tests available in infancy that assess the same cognitive

skills as intelligence tests in older children or not, it will always be

necessary to examine both short-term and longer-term effects of mal-

nutrition if its implications for the development of children are to be

properly understood. There is no substitute for the long-term follow-up

of the children involved. It would even be possible in theory for some

kinds of adverse effects of early malnutrition only to become apparent

for the first time late in life. Malnutrition may reduce structural and

functional brain reserves in a way that comes to matter only in old age;

and indeed, a number of recent studies do suggest that the time at which

the cognitive impairments in the elderly first develop is related to their

nutrition early in life (Abbott et al., 1998; Graves et al., 1996). Essentially,

then, we need to examine effects over the whole lifespan if we are to

know how abilities in later life are affected by malnutrition early in life.

We are a long way from being able to do so. The best that is available in

most of the areas we shall deal with is follow up into the middle school

years.

8 The Nutritional Psychology of Childhood



1.3 Energy balance

All the activities of a child depend upon energy. So too does their growth,

in which energy is stored in the tissues of the body. Many of the nutri-

tional problems of children that we shall deal with involve energy balance.

The problem of slow weight gain in infancy (‘failure to thrive’) is princi-

pally a problem of insufficient energy intake. Anorexia nervosa is princi-

pally an elective energy deficit that leads to weight loss in adults, and to

poor growth and failure to gain weight adequately in children. Obesity is

principally a problem of energy intake that is not being balanced by a

comparable energy expenditure, leading to a storage of fat.

Energy is not an altogether straightforward concept. In its standard

physical sense, it is the capacity to do work. But the term ‘energy’ is also

used in a more figurative sense, in which it refers to the temporary or more

lasting motivational characteristics of individuals, and it is important not

to confuse the physical and motivation senses of the term. The decimal

system of units currently used internationally in scientific work is the

SI system, and in the SI system the unit of energy is the joule (J). So in

nutritional research measurements of energy are now usually expressed as

kilojoules (kJ) or megajoules (MJ). A megajoule is about as much energy

as a croissant provides. A child 4 years old consumes and expends in

the region of 5 MJ in a day (Davies et al., 1994). In everyday nutritional

contexts, however, the calorie is still widely used as the unit of energy.

People on diets, for example, generally talk about ‘counting calories’.

A nutritional calorie is 4.184 kJ (slight differences in this value reflect the

fact that the calorie can take five slightly different values). The use of

calories in this area is hallowed by a long tradition, which predated

our understanding of the interchangeability of heat and mechanical

energy. But the use of a single decimal unit of energy must be simpler

once we have got used to it, so in the interests of our children I have

generally used joules as the appropriate unit for energy in this book, in

accordance with the SI system. I hope this will not cause undue difficulty

for grown-ups.

Energy consumed as food by a child can either be stored in body tissues

as part of the growth process, or it can be utilised. The energy required for

growth in infancy is quite small. According to one recent calculation

(Butte, 1996) infant girls store on average 0.740 MJ (177 kcal) a day in

the second month of life; this reduces rapidly to 0.150 MJ (36 kcal) a day

from 9 months to 1 year. The figures are similar in boys but slightly

higher, reflecting their faster growth. Soon after birth the growth of

the child uses up about 40% of the energy they take in; at about a year

this is reduced to about 5%. Very small amounts of energy are needed
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for growth thereafter. The utilisation of energy involves oxidative meta-

bolism, in which oxygen is converted to carbon dioxide. This allows

energy expenditure to be assessed via measurement of the extent of

carbon dioxide production. There are a number of ways in which this

can be done, which involve varying degrees of interference with normal

behaviour. The one that interferes least is the doubly labelled water

method. In this a small amount of water is drunk, labelled with two stable

isotopes, deuterium (2H2) and oxygen-18 (18O). The labelled oxygen is

used in the production of both carbon dioxide (CO2) and of water (H2O),

but the labelled hydrogen is used only for the production of water. So the

difference in the rate at which the two isotopes disappear provides a

measure of oxidative metabolism which very accurately reflects energy

expenditure over extended periods of time (Prentice, 2002). This

recently developed method has no known adverse effects, and has

allowed the measurement of energy expenditure in children from birth

(Davies et al., 1994; Wells et al., 1997; Wells & Davies, 1996). Energy

expenditure in infancy has been measured in a longitudinal study by de

Bruin et al. (1998). At 1 month of age average energy expenditure in girls

in a day was 1.19 MJ. It rose to 1.78 MJ at 4 months, 2.56 MJ at 8 months

and 3.08 MJ at a year. In boys these figures were 10–25% higher. Data

summarising later energy expenditure up to the age of 19 are summarised

in Turun et al. (1996) and are shown graphically in Figure 1.2.
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An irreducible minimal level of energy expenditure is needed to main-

tain the basic physiological processes of life, and this is measured as the

basal metabolic rate. Energy is also used for physical activity, and as

physical activity varies from person to person and from time to time,

this component of energy expenditure also varies. At the extremes, ado-

lescents who are physically handicapped and use wheelchairs expend in

the region of 6 MJ per day, while cyclists in the Tour de France expend in

the region of 34 MJ per day, which is nearly five times their basal meta-

bolic rate; physical activities of the kind more commonly encountered in

everyday life are unlikely to more than double energy expenditure, except

over short periods (Black et al., 1996).

All these energy needs have to be met from the energy taken in as food,

and it would be very helpful for research purposes if we were able to make

equally accurate measurements of energy intake. Unfortunately we

aren’t. Over a single meal it is possible to weigh each individual food

eaten, and then calculate overall energy intake provided the energy con-

tent of the individual foods taken is known. But for most purposes it is the

child’s average energy intake over more extended periods of time that it

important, rather than energy intake over a single meal, and this is much

more difficult to determine.

In theory it is most easily determined in infants in the first few months

of life, when their diet is restricted to milk. If an infant is bottle-fed it is

reasonably straightforward to measure the amount of milk they take in by

weighing the bottle before and after the feed (Fomon et al., 1975; Fomon,

Owen & Thomas, 1964). If this is done reliably at every feed, day and

night, for a number of days (easier said than done) the energy intake of the

infant can then be calculated precisely provided the composition of the

milk is known. If an infant is breast-fed, however, their energy intake is

not so easy to determine. The amount taken can be measured by weighing

the infant before and after the feed, and using the best available electronic

balances these difference weighings can be done accurate to about 5 g. An

alternative is to use a method related to the method described above for

the measurement of energy expenditure (Butte et al., 1991; Coward et al.,

1979). A small dose of heavy water (2H2O) is given to the infant, and the

rate at which it is lost from the body measured. The heavy water is

replaced by water in the milk, and provided the infant is not given any

other water its loss from the body is proportional to the infant’s milk

intake. These methods allow accurate measurement of the amount of

milk taken, but breast milk does not have a uniform composition: it varies

from woman to woman, with the stage of lactation, and from the begin-

ning to the end of a feed (Hytten, 1954; 1959). The fat content of breast

milk, for example, can be up to ten times higher at the end of a feed.
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Accurate measurements of the energy intake of breast-fed infants there-

fore also require samples of milk to be taken so that their energy content

can be determined.

Although easy in theory, then, the measurement of energy intake is

quite complex in practice even in infants. But in older children (and

adults) it is even more complex, principally because after weaning the

foods we eat are much more variable. The most accurate method for

measuring food intake again involves the weighing and recording of all

foods eaten over an extended period (Bingham, 1987). How long the

extended period needs to be depends on the age of the person and the

degree of precision required. To classify people into thirds of a distribu-

tion for energy intake (i.e. into those whose intake is in the top, middle

and bottom third) with an acceptable degree of confidence needs weighed

records for two or three days in infants and toddlers but a week or more in

adults (Black et al., 1983). Collecting such records is difficult and time

consuming, and a variety of other ways to determine food intake have

been utilised, involving records of estimated rather than weighed food

intake, or the recall of food intake at interview. There is, unfortunately,

good evidence that all these methods can be seriously inaccurate, includ-

ing, in practice, methods involving food weighing. This evidence has

come particularly from studies in which energy intake has been compared

with energy expenditure, measured using the very accurate doubly

labelled water technique (Black et al., 1993). If body weight is not

changing, energy intake must match energy expenditure. Black et al.

reviewed a series of different studies in which this comparison had been

made with a range of different participants. When food intake was

recorded by observers, in a hospital or metabolic unit, there was indeed

good agreement between the estimates of energy intake and energy

expenditure. When food intake was measured in highly motivated volun-

teers using food weighing, there was also good agreement. But when it

was measured in randomly selected men and women, who would be more

representative of the general population, weighed records underesti-

mated energy intake by about 20%, and in studies of obese and previously

obese women the underestimation of energy intake was even greater.

These are systematic biases, not simply random errors, and these biases

are also present in dietary intake reporting by children (Champagne et al.,

1998). These authors found that the bias was greater in centrally fat

children, that is, in those with fat concentrated in the abdomen, and

also, interesting enough, in older children, over the range 9–12 years.

Self-reported energy intakes are also biased in 12–18-year-old adoles-

cents. Bandini et al. (1990) measured their energy expenditure over a

two-week period and their energy expenditure over exactly the same
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period using food diaries. Reported energy intakes were substantially

lower than measured energy expenditure, but the participants gained

weight, and as it is not possible to take in less energy than is spent over

an extended period and to gain weight, the conclusion has to be that the

diary records systematically underestimated energy intake. Clearly self-

reported energy intakes of this kind are of limited value. Our inability to

measure energy intake accurately is one of the major current impediments

to research in this area.

Essentially the sole source of energy available to the body is food, so

food intake must provide for all the energy that is utilised. The link

between energy expenditure and food intake is provided by eating, and

by the motivational systems that control it. Although eating serves a

number of different purposes, and is motivated in a number of different

ways, for life to be possible at all it needs to be at least partly linked to the

physiology of the body in such a way that our basic needs for energy are

met. So the motivational systems that give rise to hunger and stimulate

food intake are at least partly homeostatic systems, organised so as to

preserve the ‘constancy of the internal environment’. Other homeostatic

systems control body temperature, plasma calcium levels and water

balance.

Energy intake, however, is regulated much less precisely than any of

these, and body weight is only moderately stable over time. Nonetheless,

there is some homeostatic control over energy intake, and so over fatness.

A striking illustration of this can be seen when one of the homeostatic

controls on hunger and food intake does not operate. Figure 1.3 shows

the weight gain of a child who completely lacked a hormone, leptin

(Farooqi et al., 1999; Montague et al., 1997). ‘Leptin’ comes from the

Greek leptos, meaning ‘thin’. It is produced in adipocytes (fat cells), and

suppresses hunger. As fat stores get larger more leptin is produced and

hunger is suppressed – a homeostatic system involving negative feedback.

The weight of this little girl who lacked leptin was normal at birth, but from

4 months of age she began dramatically gaining weight. She was constantly

hungry and as a result ate excessive amounts of food, storing the excess

energy she took in as fat. By the age of 5 she weighed over 50 kg, about

three times as much as an average 5 year old. By 9 she weighed about 95 kg.

Clearly when hunger is not regulated in the usual way, energy intake can

go quite out of control. The control of energy balance therefore normally

involves some matching of energy intake to energy expenditure.

How can this matching be achieved? In general terms there are two

possibilities. Firstly, energy intake could be monitored and matched

directly to energy expenditure, so that if energy intake is below what is

required for energy expenditure food intake is stimulated, and if it is
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above what is required food intake is reduced. But if energy intake does

not match energy expenditure the energy stored in the body (principally

as fat) is reduced or increased. So a second possibility is that the energy

stores themselves are monitored. We do not have a complete explanation

of the mechanisms involved in the control of food intake even in human

adults, but we know enough to be able to give an outline of some of the

key mechanisms likely to be involved.
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Figure 1.3 Weight gain of a leptin-deficient child (Ob1). The weight of
the child, a girl, is plotted against centiles for weight: the 50th centile
shows the average weights of girls at different ages. From Montague
et al., 1997. Reproduced by permission from Macmillan Publishers
Ltd.: Nature, 387, 903–8. Copyright 1997.
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One important source of energy in cells is glucose, a simple sugar

formed by the digestion of carbohydrates. Indeed, nerve cells in the

brain depend entirely on glucose for their energy needs, though skeletal

muscles can use either glucose or fatty acids, depending on their avail-

ability. Energy is used all the time, but food intake is clumped into meals.

When rats are allowed to feed freely, meals tend to follow a small decline

in blood glucose levels (Campfield, 1997). A similar association is found

in adult humans (Campfield et al., 1996). In this study 18 healthy adults

were fitted with a cannula in a vein so that blood glucose levels could be

continually measured. Ratings of hunger were completed about every half

an hour by the participants in the study, and they could ask for a meal

whenever they wanted to. The requests for meals tended to be preceded

by small reductions in blood glucose levels, of about 10%. These results

might indicate the existence of an energy-related signal that stimulates the

onset of meals, namely a reduction in blood glucose. There is, however,

an alternative explanation. Woods et al. (2000) note that this is only one

of a series of different changes that immediately precede the onset of

meals, which include an increase in body temperature, a decrease in

metabolic rate and an increase in activity. They suggest that the meals

might not themselves be responses to these changes; rather that when the

meals are about to begin for other reasons, these changes take place as

part of a process preparing the body to receive the food – so the decline in

blood glucose, for example, functions to dampen the rise in glucose levels

that will result from the meal. On this view, the onset of meals is normally

determined by temporal habits or by environmental circumstances,

rather than being a response to energy-related internal stimuli.

Whatever it is that leads to the onset of meals, stimuli associated with

food intake do lead to their termination. When we refer to feeling ‘full’ it is

natural to think that it is simply the amount of food in the stomach that is

responsible, acting through gastric tension or stretch receptors. Although

receptors of this kind are involved in satiation (Woods et al., 2000), there

are also more complex mechanisms involved. Food is digested in the

stomach and the small intestine, and the products of digestion are trans-

ported from the intestine to the liver in the hepatic portal vein. This

means that monitoring the contents of the hepatic portal vein is a useful

way of monitoring foodstuffs coming into the body. There is a good deal

of evidence that glucose is monitored in the liver, where there are sensory

neurons in the hepatic portal vein which are sensitive to glucose levels

(Toates, 2001). Infusions of glucose into the hepatic portal vein induce

satiety, and infusions of 2-deoxy-D-glucose, a glucose analogue which

competes with glucose to cross cell membranes and prevent its meta-

bolism, stimulate feeding. These findings indicate that food intake leads
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to the cessation of feeding partly as a result of internal stimuli associated

with glucose coming into the body via the liver. But humans consume

a wide variety of foods of different chemical composition, and they use a

wide variety of enzymes and other secretions to digest them (Woods et al.,

2000). The identification of other components of food involves sensors in

the mouth and gut that respond to the chemicals involved. A hormone in

the gut, cholecystokinin, is secreted in response to partly digested proteins

and fats in the duodenum. Its role in digestion is to release bile from the

gallbladder into the gut, and to release digestive enzymes from the pan-

creas. But there is now good evidence that cholecystokinin is also

involved in satiation, and has a role in the termination of meals. Other

gastric hormones act in similar ways.

Satiation is not, however, simply an unlearned response to character-

istics of foods. It also involves learning mechanisms, so that foods acquire

satiating properties as a result of experience. This learned (‘conditioned’)

satiety was first demonstrated by Booth (1972; Booth, Lee & McAleavey,

1976; Booth, Mather & Fuller, 1982; Sclafani, 1997), initially in rats and

subsequently in humans. An example of a study in which learned satiety

was demonstrated involved measuring the intake of yoghurt-based des-

serts of different flavours. To establish the learning, experimental meals

were preceded by high or low energy drinks. The yoghurt dessert was

given two different flavours, and the high energy drink was paired with

one flavour and the low energy drink with the other. During the testing

phase, identical drinks of intermediate energy content were given before

desserts of either flavour. Nonetheless, more of the yoghurt with the

flavour that had followed the low energy drinks was consumed than of

the yoghurt with the flavour that had followed the high energy drinks,

showing that the yoghurt that had followed high energy drinks had

acquired satiating properties partly by association between its flavour

and the energy content of the drink with which it had been associated.

It seems very likely that memory processes have a still more extensive role

in controlling meal times and food intake. Rozin et al. (1998) have shown

that two adults with dense amnesia would eat a normal lunch and then,

within half an hour, eat a second complete lunch and even start on a third.

Behaviour of this kind was not seen in either of two controls with brain

damage that did not affect memory, and suggests that much of the

information that controls food intake is information about recent meals

that is stored in memory.

Leptin, the hormone that suppresses food intake, was first discovered

in mice, and then rapidly identified in humans. Rather than providing

a signal relating to energy intake or energy expenditure, leptin provides

a signal related to the level of the fat stores. Considine et al. (1996)
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measured leptin levels in blood in people of normal weight and others

who were obese. The mean level was over four times as high in those who

were obese. Seven of the obese people lost weight on a low energy diet,

and their leptin levels fell. Leptin levels are quite highly correlated with

hunger, as rated through the day on a visual analogue scale, with higher

leptin levels associated with lower hunger ratings (Keim, Stern & Havel,

1998). The girl whose history is shown in Figure 1.3 came from a family

with a single gene defect that led to very low leptin levels. The two

affected children both developed severe obesity from a very early age. It

is now possible to replace the missing leptin, and results of this treatment

have been reported for this girl. The effect of the treatment with leptin

was dramatic. She ate less rapidly, her food intake at a daily test meal

dropped by 42%, and she lost a total of 16.4 kg of weight over a 12 month

period.

Although energy intake is of central importance in many of the areas we

shall deal with, food is more than a source of energy and comprises

complex mixtures of important nutrients. Carbohydrates and fats are

the principal sources of energy. Other important components are pro-

teins, vitamins and micronutrients, which include iron and zinc. But even

the behavioural regulation of energy balance is very complex, and I have

done no more in this section than outline one or two of the mechanisms

that are likely to be responsible. A recent comprehensive review can be

found in Woods (2000). We are a long way from a comprehensive under-

standing of the details of this regulation in adults, and in dealing with

infants and young children there is an added problem that different mech-

anisms may be involved. It would be surprising if they were not, since in

mammalian infants energy intake and water intake cannot be separately

regulated, as milk from the mother is the source of both. We now turn to

consider the feeding of infants on milk more specifically.
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2 The development of feeding

behaviour: infancy

2.1 Human lactation and the structure of infant feeding

Much human behaviour has characteristics that we share with other

species among the primates, the order to which Homo sapiens belongs.

But we share the way we feed our young much more widely with other

species of mammals, the class to which the primates belong. Indeed, the

defining characteristic of this class is the feeding of their young on milk,

and the class is named for the mammary glands that make this possible.

Because infant mammals are initially fed exclusively on milk, it contains

a large number of different nutritional constituents. The largest is water.

It also contains energy-yielding components, which include a sugar,

lactose, and fats, which provide a particularly dense source of energy,

and it contains protein, in the form of casein and whey protein. These

constituents of milk provide for the initial growth and energy expenditure

of infants after birth. A range of immunological constituents help protect

the infant against disease.

Feeding their young on milk has been a very successful adaptation for

mammals; indeed, Caroline Pond has argued that it has been a major

determinant of their ecological role (Pond, 1977; 1983). Although some

reptiles guard their young as a form of parental care, reptiles do not bring

food to the nest. The young must forage for themselves, and reptiles must

therefore reproduce in environments that provide a supply of food suit-

able for infants as well as for adults. In mammals food for infants comes

via the mother, and this allows the reproduction of mammals in a much

wider range of environments. It also allows very rapid growth after birth.

The newborn mammal does not need initially to develop foraging skills,

and the milk provided by the mother is adapted to their needs. Even

the mother is to some extent less dependent on a nutritionally adequate

environment, since the milk can be formed from fats and other materials

stored in advance in the mother’s own body.

The basic biology of lactation is common to all mammals, but the

details differ from species to species. The concentration of the major
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nutritional components in the milk of mammals is related to their eco-

logy, and to the frequency with which the infant is fed, which is very

variable (Blurton Jones, 1972). Rabbits and hares secrete milk with high

concentrations of fats and proteins and nurse their infants only once in

24 hours, for a period of about 5 minutes (Blurton Jones, 1972). Apes and

monkeys tend to have milk with rather low concentrations of these

components (Wolff, 1968b), and to nurse their infants rather frequently.

The stump-tailed macaque, Macaca arctoides, for example, nurses about

every half an hour. Fats and proteins are similarly low in concentration in

human milk, suggesting that we are also adapted to frequent nursing. A

classic study among the !Kung hunter-gatherers found that in the day-

time nursing bouts averaged four per hour (Konner & Worthman, 1980).

In a study of infant feeding in Northern Thailand, female observers were

present in village households throughout the day and night, and recorded

and timed all nursing episodes in infants over the first year; most infants

were nursed between 20 and 40 times over a 24 hour period (Drewett

et al., 1993).

In initiating feeding for the first time newborn human infants show a

systematic sequence of behaviour which has been carefully described by

Matthiesen et al. (2001) and Ransjö-Arvidson et al. (2001). About 6 minutes

after birth, they open their eyes. Then they start using their hands, firstly

using rhythmic massage-like milking movements on the mother’s breast,

and then moving their hands to their mouths, and sometimes licking or

sucking them. About 20 minutes after the birth they show ‘rooting’

movements, in which the head is turned towards the nipple and the

mouth opened. Olfactory cues guide the infant to the breast (Marlier &

Schaal, 2005; Varendi, Porter & Winberg, 1994). Soon after, they start

licking the areola and nipple, and after about 80 minutes take the nipple

into the mouth and start to suck. The first sucking episode lasts about

10 minutes. Thereafter the infant feeds (or is fed) frequently through the

day and night. These patterns of behaviour presuppose, of course, a

system of obstetric care in which the nursing of the infant is allowed to

follow on immediately from the birth.

The sucking of an infant on a bottle serves one function, the ingestion

of milk. The sucking of an infant on the breast also serves another: it

provides an afferent stimulus to endocrine reflexes acting via the central

nervous system to release hormones into the mother’s blood stream. The

infant’s sucking stimulates receptors in the nipple sensitive to touch,

pressure or warmth. Sensory stimuli are relayed from the nipple to the

mother’s central nervous system, and eventually to neuroendocrine neu-

rones in the hypothalamus that project to the posterior pituitary gland.

Neuroendocrine neurones act both as neurones and as endocrine glands.

Feeding behaviour: infancy 19



They transmit action potentials like other neurones, but also secrete

peptide hormones into the mother’s blood stream. The hormones are

vasopressin (antidiuretic hormone), which causes water retention by the

kidney, and oxytocin, which stimulates myoepithelial (smooth muscle)

cells surrounding the alveoli in the mammary gland to contract. The

alveoli contain milk, and their contraction causes the ‘milk ejection’, in

which milk is released through the nipples into the infant’s mouth. The

dilation of the milk ducts that results from a milk ejection can be seen

under ultrasound, and the more milk ejections there are during the feed

the more milk is transferred to the infant (Ramsay et al., 2004).

In addition, the sucking of the infant stimulates a hormone from the

anterior pituitary gland, prolactin, which is responsible for milk produc-

tion, as shown in the data of Noel et al. (1974) in Figure 2.1. These effects

of the stimulus from the infant’s sucking on the release of prolactin from

the pituitary gland of the mother mean that milk production in the mother

is stimulated by the sucking stimuli provided by the infant. Although

infants who suck for longer at a feed do stimulate the release of prolactin

over a longer period (Amatayakul et al., 1987), quantitatively milk pro-

duction is more closely related to the number of feeds in a day than it is to
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the duration of the feeds (Drewett et al., 1989a; 1989b). Milk production

is also controlled in a separate way by the removal of milk from the breast

by the infant, probably as a result of the removal of a milk protein that

inhibits milk secretion within each breast (Wilde, Prentice & Peaker,

1995). When the breast is more completely emptied, milk synthesis

generally increases (Daly, Owens & Hartmann, 1993). So we have here

a form of ‘inter-personal homeostasis’.

During a feed the milk ejection reflex changes the rate at which milk

flows from the breast, and changes in the milk flow rate in their turn

change the infant’s sucking rate. An infant sucking on an empty bottle

characteristically sucks in bursts, at a rate of about two sucks per second

within the bursts. If milk is supplied, the sucking slows to about one suck

per second, and rather than sucking in bursts the infant sucks in a long

continuous stream (Wolff, 1968a; 1968b). Wolff referred to the slow and

the fast patterns as ‘nutritive’ and ‘nonnutritive’ modes of sucking. This

terminology can lead to some confusion. Wolff used it to refer to different

patterns of sucking, but it is sometimes also used to refer to distinctions

between hunger-motivated sucking and sucking motivated in other ways

(e.g. comfort motivated), or to different consequences of sucking, for

example whether it does or does not result in milk intake. Although Wolff

demonstrated these different sucking patterns using infants sucking on

bottles, comparable patterns are found during breast-feeding when milk

flow rates are fast and slow (Drewett & Woolridge, 1979), for example at

the beginning and end of feeds. Sucking patterns can therefore be a useful

indicator of breast-feeding problems. A slow, continual pattern of sucking

by the infant is a useful clinical sign that breast milk is readily available to

the infant, while rapid sucking with pauses suggests that it is not.

2.2 Taste and flavour sensitivity

Substances that are sweet, salty, sour or bitter stimulate taste receptors in

adults, and there is evidence that these taste systems function very early in

life, though it is more difficult to investigate their properties in infants

than it is in older children or adults.

One way of examining taste sensitivity in infants is to examine the facial

expressions they make in response to small quantities of fluids (Steiner,

1973). Rosenstein and Oster (1988) carried out studies of this kind two

hours after the infant’s birth using the Baby Facial Action Coding

System. This system codes changes in facial expression using the smallest

distinguishable actions of the muscles of the face; it does not depend on

any interpretation of the different faces made. Rosenstein and Oster

examined the responses of eight newborn human infants to four taste
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stimuli, 25% sucrose, 4.3% sodium chloride, 2.5% citric acid and 0.25%

quinine hydrochloride, which in adults taste sweet, salty, sour and bitter

respectively. The facial responses of the infants showed that they distin-

guished sweet stimuli from the others, and also sour from bitter stimuli.

There was no distinctive response to the salty taste.

How does the taste of a fluid affect its consumption? Immediately after

birth, human infants consume larger quantities of water if the water is

sweetened (Desor, Maller & Turner, 1973; Nisbett & Gurwitz, 1970).

This has been shown for sweetening with glucose, and with lactose, the

sugar which is naturally present in milk, though the effect is larger with

sucrose, which tastes sweeter to adults. They also consume larger

amounts of milk if the milk is sweetened (Beauchamp & Cowart, 1985).

These responses reflect a rather general liking for sweet tastes in omni-

vorous species, which has probably evolved because sweet tasting sub-

stances tend to be high in energy. Sweet tastes also affect infants in a

number of other ways that are not obviously related to their nutritional

needs. They have, for example, a striking analgesic effect. This has been

examined in relation to pain stimuli to which infants are subjected for

other reasons during the course of their medical care. For example, Blass

and Hoffmeyer (1991) randomly assigned infants to a group given a

sucrose solution or water before blood was withdrawn with a heel lance

to test for phenylketonuria, an inherited metabolic disorder characterised

by high blood phenylalanine levels. The sucrose group were given 2 ml of

a 12% sucrose solution in water, and the control group just the water, and

crying in response to the heel lance was recorded. The amount of crying

was halved by the prior consumption of sucrose. In a second study they

examined responses to circumcision, a considerably more painful (and

less easily justifiable) procedure. In this trial infants were given a pacifier

dipped in a 24% sucrose solution before being ‘gently strapped down’ on

the circumcision board. One group of control infants were given nothing,

and another group a pacifier dipped in water. The infants given the

sucrose cried significantly less than the infants in either of the other two

groups. Such analgesic effects of sucrose have been reliably shown in both

term (Haouari et al., 1995) and preterm infants (Ramenghi et al., 1996).

They are attributable to the sweetness of the sucrose, as they are also

found with other sweet tasting substances (Ramenghi et al., 1996), but

not with a soluble carbohydrate (polycose) that is not sweet (Barr et al.,

1999); and sucrose itself has no analgesic effect if it is given directly into

the stomach rather than by mouth (Ramenghi, Evans & Levene, 1999).

The effect of salty tastes on the consumption of milk and water by

infants is less simple, and seems to differ with the age of the child. The

consumption of water by infants is not affected by the addition of small
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concentrations of salt up to 4 months of age (Beauchamp, Cowart &

Moran, 1986; Desor, Maller & Andrews, 1975). This insensitivity to the

taste of salt may have been responsible for a tragic episode of salt poison-

ing in newborn infants in an American hospital in 1962 (Finberg, Kiley &

Luttrell, 1963). Formula milk made up in the hospital for newborn

infants was accidentally prepared with salt rather than sugar, leading to

the deaths of six infants and the illness of five others. Evidently the infants

took the salty milk in the usual way. From 4 to 24 months infants

consume more of a salty than an unsalty solution, but from 31–60 they

consume less (Beauchamp, Cowart & Moran, 1986). These authors

attributed the first change to the maturation of neural mechanisms under-

lying salt perception and the second to an effect of experience, perhaps a

result of the relative unfamiliarity of salty water.

Flavours in our normal foods are partly taste-based, but also involve

extensive contributions from odours. Infants fed on milk are not usually

faced with a choice between alternative flavours, in the way that older

children are, but there is nonetheless evidence that their feeding behav-

iour is influenced by flavours in the milk they consume. Flavours con-

sumed by the mothers of breast-fed infants, for example, appear in their

breast milk, and affect the feeding of the breast-fed infant. Mennella and

Beauchamp (1991a; 1993b) compared the nursing behaviour of infants

on a control day and a day on which their mothers had consumed garlic

extract capsules. The odour of garlic was detectable on the mother’s milk

about 2 hours later. The infants spent longer feeding, as measured by

time attached to the nipple, on the day on which the mother had taken the

garlic. There was no difference in their milk intake, though milk intake, of

course, depends on the mother’s milk supply as well as on the behaviour

of the infant. This effect on the infants’ feeding behaviour was a transient

one which was lost after repeated exposure to the garlic. A rather similar

result was found with vanilla (Mennella & Beauchamp, 1996), which also

flavours breast milk when consumed by the mother. Infants fed when the

mother had consumed a vanilla extract spent more time feeding and

consumed more milk. The same effect was found if the vanilla was

added to formula milk, showing that it was a response to the flavour of

the milk and not, for example, to breath or skin odours in the nursing

mother. Again, this effect was lost with repeated exposure to the flavour.

Alcohol in breast milk has a different effect, leading to reduced breast

milk consumption by the infant (Mennella & Beauchamp, 1991b;

1993a). The interpretation of this effect is not so simple as alcohol can

block the milk ejection reflex, which would lead both to reduced milk

intake and to changes in sucking behaviour associated with a lower milk

flow rate. Subsequent work has indeed shown that milk transfer is
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somewhat reduced even when a breast pump is substituted for the infant

(Menella, 1998), suggesting that it is milk synthesis or milk ejection that is

affected by the alcohol; and when infants were fed formula milk flavoured

with alcohol their milk consumption at the meal went up rather than

down (Menella, 1997). A naturally occurring change to the flavour of

breast milk occurs when lactating mothers take vigorous exercise, which

increases the lactic acid concentration of their milk and makes it less

acceptable to their infants (Wallace, Inbar & Ernsthausen, 1992).

A question which has attracted some interest is whether early experi-

ence with flavours might shape later preferences for different foods. This

is an interesting possibility, and might lead to differences in later eating

behaviour between breast-fed and bottle-fed infants, since the flavours

associated with breast milk are likely to be much more variable. Mennella

and Beauchamp (2002) examined it in an ingenious study which capital-

ised on the different flavours of different types of infant formula.

Compared with traditional milk-based formulas, formulas based on soy

proteins are described as sweeter, more sour and bitter, and as having a

‘hay/beany’ odour, and hydrolysed protein formulas have an unpalatable

and offensive sour and bitter taste. These formulas are used in efforts to

avoid allergic reactions, and in the dietary treatment of phenylketonuria.

Tested when they were 4–5 years old, children who had earlier been fed

the soy formula were more likely to prefer a bitter apple juice than

children earlier fed the milk formula. Children who had earlier been fed

the hydrolysed protein formula were more likely to prefer a sour apple

juice, and less likely to display negative facial expressions when tasting it

than were children fed the usual milk formula. These results do suggest

that early experience with different flavours influences flavour preferen-

ces some years later, and this effect may well be important in determining

the acceptability of different foods over the weaning period.

It is also possible that similar effects might result from experience

before birth (Ganchrow & Mennella, 2003). Three studies have found

an interesting correlation between a mother’s sickness during pregnancy

and salt appetite in the offspring of the pregnancy (Crystal, 1995; Crystal &

Bernstein, 1998; Leshem, 1998). The possibility of an effect of this kind

was initially raised by Nicolaı̈dis and colleagues (Nicolaı̈dis, Galaverna &

Metzler, 1990). They treated pregnant rats with polyethylene glycol,

which leads to a reduction of extracellular fluid and to ‘extracellular

thirst’ stimulated by reduced plasma volume rather than increased

osmolality. This treatment of their mothers led to a significantly greater

salt intake in the offspring rats when they were adults. A similar reduction

in plasma volume can result from the loss of fluids and electrolytes as

a result of vomiting, and Crystal and Bernstein (1998) showed that in
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16-week-old infants salt preference, measured both by facial expressions

and by fluid intake, was related to a history of sickness in pregnancy in

their mothers. Even more remarkably they showed a long-term effect of

the same kind. They asked college students to find out from their bio-

logical mothers whether they had been affected by pregnancy sickness

while pregnant with them. They investigated the students’ salt usage and

the extent to which salt was important to their enjoyment of their food.

More than half the mothers were sick during pregnancy, and vomiting

during pregnancy was associated with increased salt use in these mothers’

children (Crystal, 1995). Lesham (1998) reported a similar association,

and showed that a similar long-term preference for salty tastes also

resulted from diarrhoea and vomiting in the child.

2.3 The control of energy intake in infancy

Because infants cannot feed themselves, a readiness to feed must be

signalled to their mother, and the mother must respond to the signal by

feeding the infant. The most insistent signal available to the infant is

crying. Crying indicates distress of some kind, but distress can also follow

if the infant is in pain or discomfort, or is startled or tired, as well as if the

infant is hungry. It has been suggested that infants have a number of

discrete cry types, one of which is a ‘hunger cry’ (Wasz-Höckert et al.,

1968), but there is little convincing evidence that there is a specific

hunger cry, that is, a cry that specifically signals a readiness to feed.

Infant cries are graded signals that differ in intensity with the degree of

discomfort, and in speed of onset, and they mean different things to

observers in different contexts (Gustafson, Woods & Green, 2000).

Pain, for example, can have a sudden onset leading to a sudden cry, but

there is no similar situation in which hunger has a sudden onset. Sudden

pain cries and hunger cries are distinguishable, therefore, in most con-

texts, by their onset characteristics. But hunger, fatigue and discomfort all

have slow onsets, and crying stimulated by each of these does not have

differing characteristics that make its causes easily distinguishable

(Gustafson, Woods & Green, 2000). Subtler signs of a readiness to feed

are the ‘directed head turning response’ or ‘rooting reflex’ (Prechtl,

1958), and, of course, the taking of the nipple into the mouth and sucking

itself.

Since milk is the infant’s source of energy and of other nutrients,

including water, we would expect the infant’s internal physiology to

control their milk intake, at least to some extent, in response to their

nutritional needs. This would imply that infants actively control their

own milk intake, rather than simply taking passively what milk they are
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offered. There is, indeed, good evidence that breast-fed infants do

actively control their milk intake. They do not, for example, normally

take all the milk that is available to them. This has been established

experimentally by randomly selecting the breast that breast-fed infants

first fed from, and then measuring the milk taken from the first and

second breast (Drewett & Woolridge, 1981). The infants took about

half as much milk from the second breast as from the first; since the

order of the breasts was randomised this shows they were satiating before

the supply of milk from the second breast ran out. Further evidence

comes from the lactations of women nursing twins (Rattigan,

Ghisalberti & Hartmann, 1981; Saint, Maggiore & Hartmann, 1986).

They produce about double the milk of women nursing singletons, so the

milk intake of a singleton is unlikely to be limited by limitations in the

milk supply of the mother. Infants, then, are generally able to control their

own milk intake – they are not simply passive recipients of what is

provided by the mother. How is this control achieved?

We tend to assume that the motivational systems controlling ingestive

behaviour in infants are similar to those controlling it in adults, but as

mentioned at the end of Chapter 1 a little thought will show that this

assumption is not necessarily justified. Adults can control food and water

intake separately, and the hunger and thirst systems are responsible for

the separate regulation of each. But breast-feeding does not allow the

separate intake of food and water, so the separate regulation of each is not

possible. Is milk intake controlled by hunger, then, or thirst, or both, or

neither? One suggestion has been that milk intake is controlled by its own

distinct motivational system, separate from the hunger and thirst systems,

and that the hunger system of adults only takes over the control of intake

when the infant starts to feed on solid food (Drewett, 1978; Hall &

Williams, 1983). A second possibility is that milk intake is controlled by

a hunger system, but in a somewhat different way from the way hunger

controls food intake in adults. Himms-Hagen, for example, has suggested

that milk intake in infants is controlled by hunger stimulated by a thermo-

regulatory system (Himms-Hagen, 1995a; 1995b). Briefly, the theory

proposes that a periodic drop in body temperature in infants leads to

activation of the sympathetic nervous system and increased heat produc-

tion from brown adipose tissue. This leads to increased glucose utilisa-

tion, and so to a decline in blood glucose levels, and this decline in turn

provides a signal for increased milk intake. The increased body temper-

ature as a result of brown adipose tissue activation then leads to the

termination of feeding. Because of the high ratio of their surface area to

mass, infants lose heat readily, and a theory relating energy intake to

thermoregulation in infants is an attractive one. But at the moment
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there is very little direct evidence that a decline in body temperature

normally precedes the onset of feeds in human infants.

Whatever the underlying mechanism, infants do show some motiva-

tional characteristics that suggest that they are sensitive to the energy

content of their feeds. This was demonstrated by Fomon and his col-

leagues in meticulously conducted studies using formula feeds. They

compared the energy intake of infants fed formulas in which 29% of the

energy was present as fat and 62% as carbohydrate with infants fed

formulas in which 57% of the energy was present as fat and 34% as

carbohydrate (Fomon et al., 1976). The energy intake of the infants was

the same, which suggests that they were regulating energy intake in some

way. In a second series of studies they (Fomon et al., 1969) compared

feeding on a formula with approximately the energy density of breast milk

(2.8 kJ/ml) and a formula with twice the energy density (5.6 kJ/ml). The

infants who were fed the more energy dense formula took in less, as one

would anticipate if they were regulating their energy intake, though they

still ended up taking in more energy. When the energy contents of the

formulas were lower (2.2 and 4.2 kJ/ml), compensation was partial up to

41 days of age; thereafter it was exact, with energy intake equal in the two

groups (Fomon et al., 1975). So there is evidence that infants can regulate

their energy intake, at least in the limited sense of adjusting their intake

when the energy content of the milk varies. There is, however, little

evidence that water intake is actively regulated in infancy. Adults increase

their water intake in response to osmotic stimuli (Baylis & Thompson,

1988), but infants do not, as far as we know, respond to osmotic stimuli of

the kind that increase thirst in adults by increasing their milk intake

(Janovský, Martı́nek & Stanincová, 1967; Simpson & Stephenson,

1993). Janovský et al. actually loaded infants with salt via a stomach

tube. The quantity used was sufficient to reduce their urine excretion,

but the infants did not increase their milk intake at all. Normally breast-

fed infants obtain an ample water supply from breast milk, and do not

need any supplementary water even in warm climates (Almroth, 1978;

Ashraf et al., 1993; Sachdev et al., 1991). So an infant taking in enough

milk to satisfy their energy requirements would automatically satisfy their

water requirements.

It will be clear that our knowledge of the control mechanisms under-

lying milk intake in human infants is really quite limited. It is, however,

important to appreciate that infants do actively regulate their intake, and

through their sucking, regulate the milk production of their mothers.

When we consider infants whose milk intake (or food intake) is insuffi-

cient to maintain the normal rate of growth, a key issue is the extent to

which this results from regulatory problems in the infant and the extent to
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which it results from problems of adequate care or of the food they are

provided with.

2.4 Feeding problems in milk-fed infants

Anxieties about the feeding of infants and young children can have

various sources. They can derive from the child’s growth, or from their

behaviour. It is probably true to say that professionals are more likely to

be concerned about their growth, and parents about their behaviour.

Behavioural problems can cause havoc in the child’s family, but without

necessarily having any adverse effect on the child’s own growth or their

development. Sleeping and crying problems, for example, are generally

problems not so much for the infants themselves as for their exhausted

parents.

In the UK we have an excellent source of data on early infant feeding

from the Infant Feeding Surveys that have been carried out by the Office

of National Statistics every five years from 1975. The early surveys in this

series were models of what research of this kind should be. They involved

nationally representative samples, with extensive efforts to ensure as

comprehensive a response as possible. The latest of these surveys was

conducted in 2000 (Hamlyn et al., 2002). According to this source, the

commonest initial problem reported by breast-feeding mothers was with

the infant’s initial sucking or attaching to the breast. This was reported by

over half the mothers as a problem while they were in hospital, and by

about a quarter after they left hospital.

A detailed study of the initial stages of lactation recruited 280 newly

delivered mothers and followed the course of the lactation through the

first two weeks (Dewey et al., 2003). The initiation of milk production

(lactogenesis) is a response to declining progesterone levels in the mother’s

blood after the birth. Milk production is initially very low (mean values

50–60 ml a day), and increases about tenfold (to mean values of

500–600 ml a day) by the fifth day (Neville et al., 1988). The infant’s

milk intake is correspondingly low in the early days after delivery, and

weight is lost over this period, though linear growth is maintained

(Bishop, King & Lucas, 1990). The initiation of milk production can be

detected by the mothers by a feeling of fullness in the breast, which

correlates both with the volume of milk produced and with the first

appearance of casein in the milk (Dewey et al., 2003). The Infant

Breast-feeding Assessment Tool, which uses ratings of arousal, rooting,

time taken to latch onto the breast and feed well and sucking effective-

ness, was used on the day of birth and on the third and seventh day.

Relatively low scores on this scale were significantly associated with

28 The Nutritional Psychology of Childhood



delayed lactogenesis and with excess weight loss by the infant. They were

much more likely in the infants of women with flat or inverted nipples.

Attaching to the breast is harder if nipples are flat or inverted, so this again

indicates the importance of attaching problems in early lactation.

We saw at the beginning of this chapter that the control of milk syn-

thesis and milk ejection involves reflex pathways in the central nervous

system. A consequence of this is that milk flow in humans is easily

disturbed by pain and anxiety, which inhibit the milk ejection reflex

(Newton & Newton, 1948). In a randomised controlled trial, Feher et al.

(1989) showed that the expression of milk by the mothers of infants born

preterm was considerably facilitated by the use of a taped relaxation/

imagery exercise, which is designed to reduce anxiety. An earlier pioneer

in research on breast-feeding, Mavis Gunther, provided evidence that a

delayed milk ejection led to a maintained high negative pressure on the

nipple and areola, and suggested that this led to petechial lesions and the

‘sore nipples’ that are a common problem of breast-feeding mothers

(Gunther, 1945). ‘Sore’ is too kind a word, since they can be intensely

painful and very distressing, and are one of the commonest reasons given

for terminating breast-feeding in the first two weeks (Hamlyn, Brooker,

Oleinikova & Wands, 2002).

Another common problem is the infant being unsatisfied or having

insufficient milk, which was reported in the UK survey by 32% of

mothers after leaving hospital (Hamlyn et al., 2002). This is the problem

of ‘perceived breast milk insufficiency’. It is of major importance inter-

nationally (Hillervik-Lindquist, 1991; Hillervik-Lindquist, Hofvander &

Sjölin, 1991) since it leads to the generally undesirable use of formula

feeding as a supplement to or substitute for breast-feeding. Lactation in

humans can occasionally fail due to a primary failure of milk production

(Neifert, Seacat & Jobe, 1985). This, however, is very rare, while the

problem of perceived breast milk insufficiency is very common. In the

study of Hillervik-Lindquist a cohort of 51 well-educated Swedish

women were followed longitudinally through the first 18 months after

birth. The aim of the study was to investigate the incidence, causes and

consequences of perceived breast milk insufficiency (which the author

also referred to as ‘transient lactational crises’). The mothers were well

fed and well educated, keen to breast-feed and mostly intending to do so

for at least six months. Yet even in this group of mothers perceived breast

milk insufficiency was reported by just over half (55%). The study

involved serial measurements of breast milk intake by the infant and

measurements of their growth, and there was clear evidence that milk

production was lower in the mothers with transient lactational crises, and

that their infants gained weight less rapidly. This finding shows that the
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mothers’ perception of breast milk production did have some relationship

with their actual milk production, but since the weights of the infants in

this group were in fact about average for infants of their age, it does not

show that their intake was insufficient, and the milk production of these

mothers is more appropriately referred to as relatively low rather than as

insufficient.

Because milk production in breast-feeding mothers is stimulated by the

sucking of the infant, one possible response to a perceived breast milk

insufficiency is to increase the stimulus to milk production by increasing

the frequency or duration of nursing (Dewey et al., 1991; Dewey &

Lönnerdal, 1986). Dewey and Lönnerdal (1986) showed that most of a

(quite small) group of mothers they studied were able to increase their

milk production in response to an additional expression of breast milk

with a breast pump, and concluded that it was generally a lack of demand

from the infant rather than fundamental limitations on the mother’s milk

supply that led to lower levels of milk intake by some infants.

A further big class of feeding-related problems in infancy concerns their

sleeping patterns. Infants in the period immediately after birth feed

throughout the night, and this inevitably takes its toll on the sleep of

their parents. There is evidence from a number of studies that breast-fed

infants are more likely to wake for a feed in the night than bottle-fed

infants. This was found in independent studies by Wright and colleagues

(Wright, Fawcett & Crow, 1980; Wright, Macleod & Cooper, 1983), by

Eaton-Evans and Dugdale (1988) and by Wailoo, Peterson and Whitaker

(1990). A study by Pinilla and Birch (1993), however, has shown that the

sleeping patterns of breast-fed infants are actually quite malleable. They

randomly assigned 26 mothers and infants to treatment and control

groups. Starting in the first few days after birth, parents in the treatment

group followed a protocol in which they offered a scheduled ‘focal feed’

between 10 and 12 at night, and accentuated the differences in the cues

they offered the infant between the day and night periods. From three

weeks they gradually increased the interval between the focal feed and

the next night-time feed, mainly by delaying feeding in response to the

infant’s night waking, and responding to the infant in other ways. The

parents in the control group were not asked to follow any particular

procedures for feeding their infants. Both groups of parents kept diaries

of the infant’s feeding and sleeping and measured their milk intake by

test-weighing. This intervention led to striking differences in the over-

night sleeping of the infants. By 8 weeks the average time sleeping over the

period midnight to 5 a.m. was 4 hours 50 minutes in the intervention

group, while it was only 3 hours 42 minutes in the controls. The inter-

vention had no adverse effect on overall milk intake, which was the same
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in the two groups. This reflects the capacity of infants to regulate their

milk intake: they took less in the night-time period, but compensated by

increasing their milk intake at the early morning feed.

Another common problem is colic. Colic is a term used of a particular

pattern of crying in infancy; the classic criteria formulated by Wessel and

colleagues (Wessel et al., 1954) involve crying for more than three hours a

day for at least three days a week for at least three weeks (the ‘rule of

threes’). While this clearly identifies a pattern of crying that is above

average, there isn’t any very good reason at the moment to think that

colic identified by this criterion is qualitatively different from normal

crying. It certainly tends to have the same temporal organisation as

normal crying, with peaks in the evening and a rising prevalence to the

second or third month of life followed by a spontaneous decline (Barr,

1990). There is some evidence that colicky crying at 6 weeks of age is

more prevalent in breast-fed than in bottle-fed infants (Lucas & St James-

Roberts, 1998). Lucas and St James-Roberts found a prevalence of 31%

in infants fed on the breast, but only 12% in those fed on bottles – an

interesting finding in view of the tendency to attribute colic at about six

weeks to reactions to infant formula. The evidence on this is not, how-

ever, entirely consistent (Lucassen et al., 2005). Nor is it clear that the

‘normal crying’ of infants in Western societies is normally found in other

cultures (Lee, 1994).

As its name suggests, colic is often thought of as a feeding problem.

Athough it is not clear at the moment to what extent it is one, recent

evidence suggests that in clinically referred children, at any rate, colic is to

some extent associated with other feeding problems, with more disorgan-

ised feeding and more gastrointestinal reflux in children referred with

colic (Miller-Loncar et al., 2004). A number of attempts have been made

to provide specific gastrointestinal explanations of colicky crying. One

possibility that has been explored is that colic is related to the levels of a

hormone, motilin, that is involved in the movements of the gut. Lothe

and colleagues (Lothe et al., 1990) showed that infants who had higher

levels of motilin as measured in the umbilical cord at birth and in venous

plasma on the first day of life were subsequently more likely to develop

colic. This does suggest a gastrointestinal element in the causation of

colic, though the exact way in which high motilin levels are linked to later

crying has not yet been determined.

A second possibility is that colic is an adverse reaction to milk, caused,

for example, by an allergic reaction to cows’ milk proteins or by incom-

plete absorption of the milk sugar lactose. Adverse reactions to cows’ milk

proteins can be examined by changing the composition of the milk fed to

the infant, though this needs to be done in a way that does not confuse an
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improvement resulting from a change in the milk with the normal

improvement in colicky crying as infants get older. It is also important

to control properly for placebo effects. In a study of colicky infants

involving multiple blind switching between cows’ milk and a casein

hydrolysate-based formula, Forsyth (1989) showed increased crying

when the infants were switched to cows’ milk, though the first switch

had a much bigger effect than the second. Lothe and Lindberg (1989)

have examined reactions to bovine whey protein and a placebo, given

double-blind to infants maintained on a cows’ milk free diet for the

duration of the challenges. Significantly more of the infants responded

with increased crying to the whey protein than to the placebo. This

provides further evidence that some infants cry in response to cows’

milk proteins. To what extent it provides a general explanation for colic

is harder to determine, as the infants in this study were selected because

their colic had not been improved by other treatments, and they were all

formula fed, as any infant reacting adversely to cows’ milk must be. It has

been suggested that colic in breast-fed infants may be associated with

cows’ milk consumption by their mothers, but the evidence for this is

inconsistent (Miller & Barr, 1991).

Lactose, the sugar in milk, is split by a lactase into its two constituent

simpler sugars, glucose and galactose, before absorption from the small

intestine. If this hydrolysis is incomplete the remaining lactose ferments

in the gut. This fermentation can be detected because it is the only known

source of hydrogen in the breath (Ostrander et al., 1983). A study of

breath hydrogen in infants found that incomplete lactose absorption was

common in the early months, reached a peak in the second month and

declined in the third, and day by day there was some evidence that it had a

peak in the afternoon, which corresponds at least approximately to the

pattern shown by colicky crying (Barr et al., 1984). Infants with colic did

indeed have significantly higher maximum levels of breath hydrogen

(Miller et al., 1989). Additional evidence concerning lactose malabsorp-

tion comes from studies which have added a lactase to formula milk.

Kearney et al. (1998) examined the effects of this in 13 infants with colic,

using a cross-over design in which each infant was fed formula after it had

been treated with lactase over two periods and a placebo over another two

periods, the order being randomised. Treatment with the lactase reduced

crying time by 44% (just over an hour a day).

A related possibility is that colic in breast-fed infants may be exacer-

bated by breast-feeding practices in which infants are fed to an equal

extent from both breasts at each feed, rather than by alternating breasts

from feed to feed (Woolridge & Fisher, 1988). The fat content of breast

milk rises over the course of a feed (Hytten, 1954) and as lactose is in the
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aqueous component of the milk the lactose content goes down over the

course of the feed. The suggestion is that feeding from both breasts leads to

an excessive consumption of the lactose rich foremilk rather than the fat

rich hindmilk, and so leads to colicky crying in infants who have a limited

capacity to hydrolyse lactose. An attempt to examine this experimentally

was reported by Evans, Evans and Simmer (1995). They allocated breast-

feeding mothers and their newborn infants to two groups. One group was

encouraged to nurse equally on both breasts at each feed, while the other

was encouraged to nurse on one side only, alternating the sides at each

feed. The reported prevalence of colic was 23% in the group nursed on

both sides at each feed, and 12% in the group nursed on one side only. The

women were not allocated at random, but allocated to one group over five

months and the other over the next five months. Nonetheless this result

does offer some support for this interesting hypothesis.

2.5 Breast-feeding, health and cognitive development

In the opening pages of this book I said that it was concerned with two

types of problem – with the development of eating behaviour in children,

and with the later consequences of malnutrition, or more generally of

different types of nutrition. So far we have been dealing with problems

of the first type. Now we turn to a problem of the second type. Because of

their major importance to health in infancy, extensive research has inves-

tigated the way different types of infant feeding affect physical health; and

there is now also a large body of work dealing with their effects on

psychological development. This research is principally epidemiological

in nature, and provides a useful introduction to the particular problems of

research of this kind.

It is reasonably simple to record whether infants are breast- or bottle-

fed, though knowing whether a child has ever been breast-fed is less

informative than knowing for how long they have been breast-fed. It is

possible to follow the children up over time and to assess their health and

their psychological development, though this is harder than it sounds.

Keeping track of the extent to which a child has suffered from respiratory

or diarrhoeal diseases over a five-year period, for example, is no easy task.

The central problem here, however, is that a simple comparison between

infants who are breast- and bottle-fed is of limited value, because the way

an infant is fed is related to other characteristics of their family, which

may independently affect both their health and their psychological devel-

opment. In principle this can be dealt with in two ways. The first, the

simplest in theory, is to randomly allocate infants to different groups (say

a breast- and a bottle-fed group) and then follow them up. The random
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allocation, provided it is properly conducted with sufficiently large

groups, ensures that all other relevant characteristics (covariates) are

equated across the groups. If this kind of approach is not feasible, as

it is not here, the second possibility is to decide what the relevant

covariates are, to measure them and to take them into account statistic-

ally. Studies using the first approach are generally referred to as exper-

imental studies, or in a medical context as randomised controlled trials

(RTCs). Studies using the second approach are generally referred to as

observational or correlational studies.

The problems in respect of breast-feeding are clearly illustrated in the

UK 2000 Infant Feeding Survey. The incidence of breast-feeding as defined

in this study is the number of infants put to the breast at least once, and

the prevalence is the number breast-fed at different times after the infant’s

birth. The incidence in 2000 was 71% in England and Wales, 63% in

Scotland and 54% in Northern Ireland. But it also varied strikingly with the

social class of the infant’s family. Figure 2.2 shows the incidence of breast-

feeding in the UK subdivided by the family’s social class, as it has tradi-

tionally been defined by the occupation of the father, and there is clearly a

strong association between the two. Given this strong association, it is

unsurprising that the incidence of breast-feeding was also associated with

other maternal characteristics that tend to vary with social class. It was
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Figure 2.2 Incidence of breast-feeding by social class, United Kingdom,
2000. Data from Hamlyn et al., 2002, Table 2.5. The ‘incidence’ of
breast-feeding in this survey is the proportion of infants who were breast-
fed at least once. Social class is based on the current or last occupation of
the husband or partner.
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associated with the mothers’ education: in women who completed their

full-time education by the age of 16 the incidence was 54%, rising to 70%

in those who completed it at 17 or 18 and to 88% in those who completed it

later. It was also associated with the mother’s age, rising from 46% in

mothers under 20 to 78% in those 30 or older. The prevalence of breast-

feeding steadily declined after the infant’s birth, and on average women

from higher occupations and women who had a longer full-time education

breast-fed for longer. Although differences in their socio-economic posi-

tion tend to have large and pervasive effects on the development of child-

ren, there are other differences between families that also need to be taken

into account. Within each social class, for example, women who smoke are

less likely to breast-feed (White, Freeth & O’Brien, 1992), and they tend to

breast-feed for shorter periods (Scott & Binns, 1999). Smoking in preg-

nancy and in the years after the birth is itself associated with poorer health

and with lower subsequent intelligence in the child of the pregnancy

(Mortensen et al., 2005). Clearly, then, any examination of the effects of

infant feeding on health and development has to take these associated

differences into account. The associated differences are not necessarily

the same in different cultures. The relationship between social class and

breast-feeding is similar in the UK and the USA, for example, but no

relationship was found in a Mexican population and the opposite relation-

ship was found in Peru (Rogers, Emmett & Golding, 1997). Nor are they

necessarily the same in the same culture at different times. Children born in

the 1920s in Hertfordshire in the UK were more likely to be breast-fed if

their fathers were employed in manual than in non-manual occupations

(Gale & Martyn, 1996).

Internationally the best documented of all the benefits of breast-feeding

is protection against diarrhoeal diseases, which are among the common-

est illnesses of young children. Motarjemi et al. (1993) review studies

which indicate that about 1400 million episodes of diarrhoea occur

annually in young children. In 1990 this led to the death of over 3 million

children, which gives an indication of the scale of the health problems

involved. Many different organisms are involved, including bacteria such

as Escherichia coli, protozoa such as Giardia lamblia and enteric viruses

(Motarjemi et al., 1993). The relationship between type of infant feeding

and diarrhoeal disease was reviewed by Feachem and Koblinsky (1984),

who estimated relative risks for diarrhoeal disease by comparing risks in

infants receiving no breast milk and infants who were exclusively or

partially breast-fed. The relative risk was 3.0 for infants 0–3 months

old, 2.4 for infants 3–5 months old and 1.3 to 1.5 for infants 6–11 months

old. A later review found protective effect of similar magnitude (Golding,

Emmett & Rogers, 1997). Although the benefits of breast-feeding are
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particularly important in poorer countries, they are not restricted to

them. A recent study in Scotland, for example (Howie et al., 1990),

showed that breast-fed infants there were significantly less likely to

develop a gastrointestinal illness throughout the first year of life. This

effect was independent of social class, maternal age and parental smok-

ing. In many parts of the world diarrhoeal diseases have a high mortality,

and where they do the benefits of breast-feeding extend to the actual

survival of the child. Habicht, DeVanzo and Butz (1988), for example,

examined infant mortality in Malaysian infants. They examined both the

effects of breast-feeding and their interaction with the domestic sanitation

available in the child’s home. Adjusted for a range of confounding factors,

the infant mortality rate was two and a half times as high for infants who

were not breast-fed in households with a toilet and piped water supply. It

was five times as high in families without them. A pooled analysis from six

of the less developed countries (WHO Collaborative Study Team on the

Role of Breast-feeding on the Prevention of Infant Mortality, 2000) has

estimated the odds ratio of death (i.e. the odds of death in infants who

were not breast-fed, compared with those who were) as 5.8 in the first

two months, 4.1 in months 2–4, and 2.6 in months 5–6.

All this work was observational in nature, like almost all research on the

benefits of breast-feeding. Further evidence for the benefits of breast-

feeding to the health of infants can be gained, however, through studies of

the health outcomes of breast-feeding promotion, which can be intro-

duced in the form of a randomised controlled trial. Health promotion can

be carried out at an individual level, or in whole communities or organ-

isations. A major recent study (Kramer et al., 2001) was carried out in

hospitals in Belarus in the former Soviet Union. Similar hospitals and

their corresponding polyclinics were paired. One of each pair, chosen at

random, became an intervention hospital and the other a control hospital.

In the intervention hospitals in addition to normal clinical care a breast-

feeding promotion programme based on the Baby Friendly Hospital

Initiative was implemented. The designation of hospitals as ‘Baby

Friendly’ is used if they do not accept free or low-cost substitutes for

breast milk, or feeding bottles or teats, and if they implement the ‘Ten

Steps’ (ACC/SCN, 2000). The Ten Steps were developed by the World

Health Organisation (WHO) and the United Nations Children’s Fund

(UNICEF) and combine interventions shown in controlled trials to

increase the duration and exclusivity of breast-feeding. The ten steps are:

1. Have a written breast-feeding policy that is routinely communicated

to all health care staff.

2. Train all health care staff in the skills necessary to implement the

breast-feeding policy.
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3. Inform all pregnant women about the benefits and management of

breast-feeding.

4. Help mothers initiate breast-feeding soon after birth.

5. Show mothers how to breast-feed and how to maintain lactation even

if they are separated from their babies.

6. Give newborn infants no food and drink other than breast milk,

unless medically indicated.

7. Practise rooming-in, allowing mothers and infants to remain

together 24 hours a day.

8. Encourage breast-feeding on demand.

9. Give no artificial teats or dummies to breast-feeding infants.

10. Foster the establishment of breast-feeding support groups and refer

mothers to them on discharge from the hospital or clinic.

In the control hospitals the women were just provided with normal

clinical care. As part of normal clinical care, all infants in both groups

were seen monthly, and information about infant feeding, growth and

illnesses was collected. This was a very large study, involving a total of

17,046 mother–infant pairs. The intervention was clearly effective; the

infants in the intervention group were seven times as likely to be exclu-

sively breast-fed at 3 months and thirteen times as likely at 6 months, and

they were more than twice as likely to be breast-fed at 12 months. In the

intervention groups there was a significant reduction in gastrointestinal

tract infections in the first year (from 13.2% to 9.1%). There were also

significant reductions in atopic eczema, though not in respiratory tract

infections. The infants gained significantly more weight over the first

9 months, though by 12 months there was no difference (Kramer et al.,

2002). A similar outcome has been reported from another study exam-

ining the efficacy of home-based peer counselling to promote breast-

feeding in Mexico City (Morrow et al., 1999). In this study families

were randomly allocated in clusters to a control group or groups receiving

peer counselling to promote and support breast-feeding. The counselled

groups were much more likely to be exclusively breast-feeding when their

infants were 3 months old, and their infants were less than half as likely to

have had an episode of diarrhoeal disease. These experimental studies

therefore confirm the protective effects of breast-feeding against diar-

rhoeal diseases.

These health benefits of breast-feeding are of major importance to

child health internationally, but they are not its only benefits. A series of

studies have documented relatively higher intellectual abilities in children

who were breast-fed when they are compared with children who were

bottle-fed (Anderson, Johnstone & Remley, 1999; Golding, Rogers &

Emmett, 1997). At the time of the later of these reviews, there were
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20 published reports of studies of this issue. These were all observational

studies, and the conclusions that can be drawn from them therefore

depend critically on appropriate control for other variables that are

related both to breast-feeding and to the child’s intellectual development.

Intelligence in children is associated with a large number of other varia-

bles: 73 were documented in the study of 4-year-old white American

children by Broman, Nichols and Kennedy (1975). The two that

best explained IQ scores were the education of the mother and a socio-

economic index. The distribution of IQ also has a substantial heritable

component (Devlin, Daniels & Roeder, 1997), so the IQ of parents is

another important variable that needs to be taken into account. This is

particularly true of studies using IQ as the outcome measure in older

children; the IQ of parents is less highly correlated with scores on the

developmental tests in younger children (Defries, Plomin & LaBuda,

1987). Ideally the IQ of both parents should be measured, though the

intelligence of children is more strongly associated with the IQ of their

mother than that of their father (Scarr, Weinberg & Waldman, 1993).

IQ is also related to the size of the family (Rodgers et al., 2000).

The fact of breast-feeding, and its duration, can be accurately estab-

lished by questionnaires to the mother (Launer et al., 1992; Vobecky,

Vobecky & Froda, 1988), and cognitive outcomes can be measured by

direct testing of the child. Most published studies in this area have used

Bayley Scales or other developmental tests in young children and IQ tests

in older children, and have controlled for a variety of relevant covariates,

including maternal IQ and education, the socio-economic status of the

family and the birthweight and birth order of the child. A summary of

results from 11 of the best controlled studies, taken from the meta-analysis

of Anderson et al. (Anderson, Johnstone & Remley, 1999), is shown in

Figure 2.3. Averaged over these studies, and adjusted for other variables,

the IQ of breast-fed children was 3.16 points higher. The largest difference,

however, was found in low birthweight infants (which would include

infants born before term); the difference in normal birthweight infants

was 2.66 IQ points. The effect was found throughout childhood, both in

developmental tests in infancy and in IQ tests in older children, with no

obvious difference in magnitude between studies with the earliest testing

(in the first 2 years) and those with the latest (at 10–15 years). So

the advantage associated with breast-feeding does not ‘wash out’ with

time. The benefit was greater with a greater duration of breast-feeding,

up to 28 weeks. A similar effect of the duration of breast-feeding was found

in a later study by Angelsen et al. (2001). This study was carried out

in Norway and Sweden, in a population in which virtually all mothers

breast-fed their infants. The focus of the study, therefore, was on the
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relationship between the duration of breast-feeding and the outcome mea-

sures, which were developmental scores at 13 months and IQ scores at

5 years. Both scores were progressively higher in infants breast-fed for

longer; for example mean IQ was 103.6 in children breast-fed for less
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than 3 months, 107.9 in those breast-fed for 3–6 months and 111.0 in

those breast-fed for longer. This effect was reduced, but not eliminated, by

controlling for the mother’s age, smoking, education and her own IQ score.

Another recent study (Oddy et al., 2003) was carried out on a large

Australian cohort, and as well as replicating the basic effect of breast-

feeding contains interesting data on the interaction between infant feeding

and maternal education. Contrary, perhaps, to what one might have

expected, the benefits of breast-feeding were greater in the children of

the more educated women. Within the limitations of observational studies,

studies of the relationship between breast-feeding and IQ have generally

been well conducted, and the IQ advantage associated with breast-feeding,

though it is quite small, can be considered reasonably well established.

There are a number of possible explanations for the relationship

between breast-feeding and later intellectual abilities. The first possibility

is that, although each of the studies has controlled for a number of

relevant covariates, all the relevant covariates have not been identified,

or satisfactory simultaneous control for them all has not been achieved,

and the difference in IQ is due to uncontrolled covariates (variables that

are associated both with whether a child is breast-fed and with their later

intellectual ability). This is a possibility of the kind that it is always hard to

entirely eliminate in observational studies. We need to know more, for

example, about the fathers of the infants. Although assortative mating is

likely to mean that they share some characteristics with their mothers, it is

still possible that controlling separately and simultaneously for maternal

and paternal IQ, education and occupational class might eliminate the

small differences that are still found between breast- and bottle-fed

infants. A second possibility would be that the difference is a consequence

of the greater incidence of gastroenteritis and other infections in the

bottle-fed infants, which might have an effect on the developing brain

(Golding, Rogers & Emmett, 1997). A third possibility might be that the

mother–infant interactions differ in breast- and bottle-feeding in such a

way as to benefit the development of breast-fed infants (Wright & Deary,

1992). A fourth possibility is that breast milk contains nutritional com-

ponents that have been absent from formula milks and that benefit neuro-

logical development, such as fatty acids. This is the possibility that has

been most extensively investigated.

The long-chain polyunsaturated (LCP) fatty acids arachidonic acid

(AHA) and docosahexaenoic (DHA) acid are formed in adults from the

‘essential’ fatty acids linoleic acid and �-linolenic acid, which are taken in

as components of the diet. Infants, however, lack enough of the enzyme

activity necessary for this transformation, and rely more on dietary

sources of AHA and DHA. Fatty acids can be utilised as a general source
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of energy, but they have a more specific role in the cell membranes in the

brain and in some other tissues (Cockburn, 1994). The membranes of

retinal photoreceptors (rods and cones) and of the synaptosomes of

neurones in the grey matter of the cerebral cortex contain high concen-

trations of LCP fatty acids. The fatty acids are taken in via the mother in

the third three months of pregnancy, and their incorporation into retinal

and brain tissue of the infant is at its highest at that time (Kurlak &

Stephenson, 1999). This maternal supply is no longer available to an

infant delivered before term. After birth, LCP fatty acids are contained in

breast milk, but are not present in substantial amounts in formula milk as

traditionally manufactured, and there is direct evidence that breast-fed

infants have significantly greater concentrations of DHA in cerebral

cortical tissues (Farquarson et al., 1992).

Because the accumulation of DHA in the brain and retina mostly

occurs in the last three months of pregnancy, preterm infants fed formula

milk might be particularly vulnerable to a lack of DHA, and Carlson and

her colleagues (Carlson et al., 1994) examined the effect of adding it as

fish oil to the formula fed to preterm infants in two randomised controlled

trials. Visual acuity was tested at birth and at 2, 4, 6.5, 9 and 12 months.

Acuity was better at 2 and 4 months in one of the trials, and at 2 months in

the other; but later in infancy there was no difference between the groups,

a finding which has since been replicated in a third study (Carlson,

Werkman & Tolley, 1996). This suggests that the benefit gained is a

transient one, which may be because the fatty acids in cell membranes

are constantly being turned over, so when the diets of infants fed in

different ways become more similar after weaning the initial benefits to

the earlier supplemented infants are lost (Kurlak & Stephenson, 1999).

Although these studies were carried out on infants born preterm, results

of one similar study in term infants shows similar effects, with an effect at

2 months but not later (Carlson, Werkman & Tolley, 1996). A second

study with term infants showed no effect at all of supplementation in

formula fed infants using either behavioural or electrophysiological pro-

cedures to determine visual acuity (Auestad et al., 1997). A third study

did show such an effect, both at 16 and 30 weeks of age, using an

electrophysiological procedure (Makrides et al., 1995).

A number of studies have also examined effects of LCP fatty acids on

behavioural and cognitive development. These studies have produced

rather mixed results. Carlson et al. (1994) examined effects of supple-

mentation with DHA on later Bayley Scale scores in two randomised

controlled trials. DHA improved scores significantly in one of the trials but

not the other; both were quite small, with under 30 infants per group. In a

recent large study (Lucas et al., 1999) 309 term infants were randomly
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assigned to a traditional formula or one supplemented with AA and DHA

from egg, and the two groups of infants were tested at 18 months using

the Bayley Scales. There were no significant differences in their develop-

ment. Nor were there in another large study of preterm infants, also

tested at 18 months (Fewtrell et al., 2002). There were in a third

(Clandinin et al., 2005). Developmental tests in infancy such as the

Bayley Scales are only partly cognitive in nature, and provide rather

global measures of psychological development. A more specific cognitive

skill, means-end problem solving, was tested by Willats et al. (1998). This

involved 10-month-old infants in the planning and executing of a series

of actions to achieve a goal, retrieving a toy from underneath a cover.

Abilities of this kind develop rapidly in the second half of the first year,

and are correlated with later intellectual abilities as measures in IQ tests

(Slater, 1995). Willats et al. randomly assigned bottle-fed infants to a

group fed conventional formula and a group supplement with AA and

DHA, and showed that means-end problem solving was significantly

better in the supplemented group. This was a relatively small study

(44 infants). A much larger study of 239 term infants (Auestad et al.,

2005) again used the Bayley Scales, but also used two more specific

measures, the Fagan Test of Infant Intelligence (at 6 and 9 months)

and the MacArthur Communicative Development Inventory (at 9 and

14 months). No significant differences between the supplemented and

unsupplemented groups were found for any of these measures.

We can conclude from this body of work that breast-feeding has clear

benefits to the physical health of infants, which are found everywhere but

are particularly important in countries where water supplies and sanita-

tion are unsatisfactory. There is also consistent evidence that breast-fed

infants score slightly higher on IQ and related measures. This advantage

is found in spite of extensive control for other correlated variables that

might account for the association. Fatty acids of the kind that are found in

breast milk improve visual acuity in the early months of life, but the

evidence that they promote general development or increase IQ in infants

and young children is too inconsistent to be regarded as entirely convinc-

ing at the moment.
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3 The development of feeding behaviour:

weaning onwards

3.1 Weaning and the development of independent

eating skills

Because of their early dependence on the mother’s lactation, the develop-

ment of feeding behaviour in mammals involves a striking discontinuity at

the time of weaning. Weaning involves three separate changes, though

they are linked in time. Firstly, there is a change in the kind of food taken,

from milk to a range of solid foods. Secondly, there is a change in the

mechanics of feeding behaviour, from the sucking characteristic of an

infant feeding on milk to the biting and chewing characteristic of older

children and adults feeding on solid foods. This change in the mechanics

of feeding behaviour is only partly linked to changes in the kind of food

taken. Adults, for example, also drink milk, but they do not drink it in the

way infants do. Thirdly, there is a change from an obligatory dependence

on the mother or another carer to more independent feeding. Because the

diet of adults involves a wide range of foods, weaning calls for an extensive

learning process, in which a child comes to distinguish foods from things

that are not foods, and to choose between different foods.

As we saw in Chapter 1, the average energy expenditure of infants

increases steadily over the course of the first year, from about 1 MJ per

day at 1 month to about 2.5 MJ a day at 8 months, an increase of 150%.

The milk production of exclusively breast-feeding women increases by

only 30% over the same period (Neville et al., 1988). So weaning eventually

becomes obligatory, because the milk production of the mother cannot

keep pace with the growing energy needs of the child. The foods typically

eaten by adults have a much higher energy content than the milk that forms

the diet of infants. Boiled rice, for example, has about twice the energy

density of milk, white bread and chips about three times and biscuits about

seven times the energy density (Holland et al., 1991). Exact figures are not

appropriate because of the variability within food types.

In breast-fed infants one might expect the timing of weaning to be

partly a response to the growing mismatch between the infant’s growing
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energy needs and the mother’s milk supply, but in fact the timing of

weaning is very variable across cultures, and this variability across cul-

tures cannot be accounted for by variability in milk supply. In a longi-

tudinal study in Northern Thailand, for example, 15% of a group of

60 infants were given some solid foods (mostly rice) by 2 weeks of age,

and 68% were given them by 6 weeks (Drewett et al., 1993). In the UK,

according to the latest infant feeding survey, only 3% were given solid

foods by 6 weeks (Hamlyn et al., 2002). In the Indian populations studied

in the World Health Organisation (WHO) Collaborative Study of Breast-

feeding (WHO, 1981), on the other hand, only 60% of the urban poor

and 64% of the rural children were given solid foods by 1 year of age. In

most of the cultures that have been studied, however, most infants are

complemented by 6 months, and although cultural factors operating

through the mother undoubtedly have a major influence on the timing

of weaning, there is some evidence that within a culture it can partly be a

response to changes in aspects of the infant’s own behaviour which may

reflect unsatisfied energy needs. Larger infants have larger energy

requirements, and in the UK infants larger at birth are weaned earlier

(Hamlyn et al., 2002). In a more intensive longitudinal study which also

showed the same relationship, three quarters of the mothers studied

themselves said that solid food was introduced in response to an observed

change in the behaviour of their infants (Harris, 1988). The change was

generally either more frequent feeding or the return of night waking, both

of which suggest an unsatisfied appetite.

Because of the benefits of breast milk, and the hazards associated with

the early introduction of solids, especially in countries where it is difficult

to prepare and store them in hygienic ways, attempts have been made to

calculate the age at which breast milk would no longer be adequate on its

own to support growth (Waterlow, 1981; Waterlow & Thomson, 1979).

These calculations are difficult, and although they provide some guidance

concerning the age at which complementary foods become necessary,

more direct evidence is available from experimental studies, which sug-

gest that exclusive breast-feeding up to 6 months of age provides enough

energy and other nutrients for satisfactory growth (Kramer & Kakuma,

2002). This evidence comes principally from two controlled trials in

Honduras. In the first (Cohen et al., 1994) three groups of breast-fed

infants were compared. These were a group exclusively breast-fed to

6 months of age; a group offered complementary foods from 4 months

with ad libitum nursing; and a group offered complementary foods from

4 months with the maintenance of the baseline frequency of nursing.

Allocation to groups was by week of birth, so it was not strictly random.

Growth was the same in all three groups. Introducing complementary
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foods at 4 months, however, significantly reduced the infant’s breast milk

intake (though their total energy intake was not reduced because of the

energy they were obtaining from the solids). The second study (Dewey

et al., 1999) concentrated on low birthweight, term infants, i.e., infants

born ‘small for gestational age’ (SGA), and this study found broadly

similar results. An additional study examined the timing of the introduc-

tion of solid food for formula-fed infants (Mehta et al., 1998). Four

groups were compared. Two groups were given commercially prepared

solid foods, one group from 3 months and the other from 6 months; the

other two were given the parent’s choice of solid foods, again either from

3 months or from 6 months. The groups fed solids earlier consumed

significantly less formula. Again, there was no overall difference in energy

intake or in growth. These findings show the extent to which the infants

regulate their own energy intake, so as to compensate for energy from

one source by reducing energy intake from another. In general they also

show that a milk diet is adequate to maintain satisfactory growth up to

6 months.

Changes in the infant’s diet that take place over the weaning period call

for changes in their feeding behaviour. They require new oral-motor

skills, such as biting and chewing, and the development of other mealtime

skills, such as hand-mouth coordination. An intensive longitudinal study

of the feeding of seven Japanese infants over the weaning period is

summarised in Figure 3.1 (Negayama, 1993). Initially, over the period

4–9 months, the infants were fed by the mother. Then the infants started

to acquire self-feeding skills, first using their hands, from about

10 months, and later using tools (spoons, forks or chopsticks), from

about 13 months. These skills are learned in collaboration with adults,

often the child’s mother, and over the weaning period being fed by the

mother is combined with the progressive development of independent

eating. At the end of the first year these are combined in the same meal, in

proportions that vary from child to child and also from meal to meal in the

same child. This makes the analysis of eating behaviour over this period,

which can be important in a number of clinical contexts, more complex

than at any other time in life, since both being fed by the mother and self-

feeding need to be considered (Parkinson & Drewett, 2001).

There is some evidence that an element of hand-mouth coordination is

present in infants at or soon after birth, and this may be an early precursor

of the more functionally skilled actions that develop when the child is

weaned. Butterworth and Hopkins (1988) examined in detail the con-

tacts between the hand and the face in this early period. Contacts between

the hand and the face in which the infant’s hand landed on the mouth

were preceded by an opening of the mouth significantly more often than
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contacts in which they landed on other parts of the face, implying that the

infant was preparing the mouth for the hand to come to it. Lew and

Butterworth (1995) subsequently showed that this preparatory opening

of the mouth was hunger dependent, as the probability of the mouth

opening before the arrival of the hand was higher before a feed than after a

feed. The development of a related set of skills involved in the use of a

spoon has been examined by Connolly and Dalgleish (1989), whose work

gives a useful appreciation of the complexity of the learning involved in

one of the earliest and most systematic uses of tools by a child. They

describe the development of spoon-using skills over the first half of the

second year of life (Figure 3.2). In the initial stages of its development the

child engages in repetitive actions, pushing the spoon into the dish of food

and removing it, and into the mouth and removing it. These separate

actions then come to be combined, with the child first putting the spoon

in the dish and removing it, and then putting it to the mouth. Then the

sequence becomes functional, with the spoon actually being filled with

food in the dish, and the food removed from the spoon in the mouth.

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Age (months)

20

0

40

60

80

100

%
 O

cc
ur

re
nc

es

Figure 3.1 Development of eating in seven Japanese infants (Negayama,
1993). Passively fed by mother: * Self-feeding with hand/mouth: &
Self-feeding with tools: �. Reproduced with permission from Early
Development and Parenting, 2, 29–37, copyright 1993, John Wiley and
Sons Ltd.
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Finally, error correction loops are incorporated, involving visual checks

that the spoon contains food on leaving the bowl, and has been emptied in

the mouth, with appropriate remedial actions if necessary. Eating in other

cultures, of course, will call for the learning of other types of manual skills,

peeling fruit in Thailand, for example, or picking up food with chopsticks

in China (Lansdown et al., 1996).
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mouth

remove spoon
from mouth

Repetitive
actions

spoon to dish

put spoon in
mouth

remove spoon
from mouth

remove spoon
from dish

lift spoon

Action
sequence

spoon to dish

put spoon in
mouth

remove spoon
from mouth

empty spoon

remove spoon
from dish

lift spoon

fill spoon

Function
incorporated

spoon to dish

put spoon in
mouth

empty spoon

pick up spilt food

remove spoon
from mouth

remove spoon
from dish

lift spoon

check enough
food

check spoon
empty

fill spoon

steady dish

control spoon

Function plus
correction loops

Figure 3.2 Development of the control of spoon use in 1-year-old
children (Connolly & Dagleish, 1989). In the first stage the spoon is
put in the dish, or in the mouth, as two unconnected actions. Then the
two are joined into a single sequence. Function is incorporated next by
filling the spoon in the dish, and emptying it in the mouth. Then error
correction loops are incorporated, in which the child checks, for
example, that the spoon has enough food in it when it is removed from
the dish. Reproduced from Developmental Psychology, 25, 894–912,
copyright 1989, with permission from the American Psychological
Association.
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Once food is in the child’s mouth, chewing, the preparation of the food

bolus for swallowing and swallowing itself come into play. In most child-

ren we can take the steady development of these oral-motor skills for

granted, like the development of speech, but like speech these skills are,

nonetheless, highly complex (and indeed, speech therapists have an

important professional role in the analysis and treatment of eating pro-

blems). Swallowing involves the synchronized activity of 31 muscle pairs

(Stevenson & Allaire, 1991), and oral-motor skills are not only important

in the swallowing of food but also critically important in the protection of

the airway against the accidental ingestion of food or fluids into the lungs.

Gisel (1991) has carefully examined the development of the chewing of

foods of different textures in children 6 months to 2 years old. She used

bites of food that were either solid in texture, viscous or puréed. Children

were video-taped while they were offered ten trials of foods of each of

these textures. A chewing cycle was defined as one down-and-up move-

ment of the lower jaw, and chewing duration as the time in seconds from

placing the food in the mouth to its final swallowing. Solids took sub-

stantially longer to chew and swallow than viscous or puréed foods,

essentially because they required more chewing cycles. The time per

cycle was very similar for the three types of food. As children got older

and more experienced with solid foods there was no change in the time

per cycle, but older children took fewer cycles to chew the foods before

swallowing them. Overall feeding time was reduced as a result, most

markedly for solid foods. In these ‘typically developing’ children there

was no relationship between the chewing efficiency of the children and

their growth. But in children with neurological disorders such as cerebral

palsy problems in the acquisition of these independent eating skills can

have major adverse effects on their food intake and growth, which will be

examined in Chapter 6.

Because of the difficulties associated with the early development of

eating skills, the energy density of the weaning foods offered can be

important in ensuring adequate nutrition over the weaning period: if

food is denser, less has to be successfully eaten. This is of practical

importance in countries in which malnutrition is common, where the

diets of weaning children can be very low in energy. Many of the weaning

foods comprise gruels prepared from flours made from starchy staples,

which on heating with water form thick and bulky pastes of low energy

content as a result of the gelatinisation of the starch (Walker, 1990). Two

studies have examined the effects of varying the energy density of the diet

on energy intake in young children (Sanchez-Grinan, Peerson & Brown,

1991; Stephenson et al., 1994). In the first of these studies (Sanchez-

Grinan, Peerson & Brown, 1991) the responses of nine young children
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7–16 months old were examined. Semi-solid mixed diets with a low or

high energy density were offered five times a day for seven consecutive

days, with the order of the two diets alternated in different children. The

amount of food eaten by the children was significantly lower when they

were fed the high energy diet, but their energy intake was significantly

higher and they gained significantly more weight. Similar results were

found in the second study (Stephenson et al., 1994). In this study a low

density and a high density porridge were compared. Two versions of the

high density porridge were compared; one was treated with amylase to

reduce its viscosity. Each porridge was fed four times a day for four

consecutive days. Again, the amount of food eaten was higher with the

low energy porridge, but energy intake was higher with the high energy

porridge. Thinning of the porridge with amylase had no significant effect

on intake. These studies show that the energy compensating capacities of

children in the weaning period are not always sufficient to compensate for

very low energy diets; sometimes, presumably, the volume that would

need to be eaten exceeds the child’s capacity to eat it at this stage of

development.

3.2 Food choice and neophobia

An infant suckled at the breast can choose how much to consume, but it is

only from weaning that a child can choose to eat one food rather than

another. How much children eat has important effects on their physical

development, and almost certainly on their psychological development.

What they choose to eat is also important, since after weaning the choice

of foods determines the nature of the nutrients consumed. This makes

the development of food choice a central topic in nutritional psychology.

A useful framework for considering its development in infants over the

weaning period relates the problems involved to the general dietary

problems of omnivores (Birch & Fisher, 1995; Rozin, 1976).

Some animals are specialist feeders, relying on a single type of food.

Examples among the mammals include the koala bear, which eats only

eucalyptus leaves, and the giant panda, which eats only bamboo. The

benefit of this strategy is that it makes food identification easy. What is a

food and what is not a food is simple and clear-cut. So it avoids the risks

involved in consuming new foods – especially the risk of poisoning. The

cost of the strategy is that the food may cease to be available. There are

currently only about 1600 giant pandas in the wild population, and they

are suffering now from a shortage of bamboo forests in Western China as

a result of increased farming and industrial development. The shortage of

bamboo forest means that when bamboo is not available to eat, the
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pandas cannot easily move into adjacent areas where different bamboo

species are available. Bamboo can cease to be available to eat because

about every 60 years or so bamboo species flower en masse and then die

back, taking 10 years to recover (Barkham, 2005). This happened on a

large scale in the 1970s, causing the death from malnutrition of about

250 giant pandas, and it has happened again recently in the north-

western province of Gansu in the Baishuijiang state nature reserve (and

in my garden, where I evidently have a bamboo clone from the same

population).

Other animals are generalist feeders (omnivores), and rats, for exam-

ple, successfully pursue this strategy, utilising a wide variety of different

foods. Human beings are also omnivores, so a major task of infants over

the weaning period is to learn to distinguish things that are foods from

things that are not foods, and in an omnivorous diet there is no simple way

in which to do so. The importance of the task can be seen in the devel-

opmental course of accidents and injuries (Agran et al., 2005). In a fine

grained study of over 20,000 injuries to young children sufficient to lead

to hospitalisation in California in the late 1990s, Agran et al. found that

poisoning was the second commonest cause of injury (after falls). The

incidence of poisoning showed a striking rise in children over the period

from 6 to 24 months (i.e. over the weaning period), when it increased by a

factor of four. A similar pattern was shown with the ingestion of foreign

bodies. Over the weaning period a child has to learn not only what to eat

but also what not to eat.

Adults accept or reject ‘potentially eatable substances’ for a complex

range of reasons (Rozin et al., 1986). One involves the sensory and

affective qualities of the food, and there is an inborn element to this,

seen from birth in the infant’s preference for sweet tasting substances and

their aversion to those that are bitter. A second involves the anticipated

consequences of a food, for example that it might be poisonous. A third

involves culturally transmitted ideas about the acceptability of different

substances. Some substances are not considered to be foods (paper, for

example). Others are considered offensive, and elicit disgust, such as

faeces or cockroaches. Infants do not need to make these discriminations

about different foods while fed on milk, or in the early stages of weaning

while foods are selected for them by adults; but they become important as

independent feeding develops.

Rozin et al. (1986) examined the development of food rejection in

children over the period from 16 months to 5 years. They prepared

examples from five categories distinguished by adults. The first com-

prised foods that were accepted by adults (for example, sugar pops).

The second comprised acceptable foods in unacceptable combinations
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(such as a hot dog with chocolate syrup poured on it). Other categories

comprised items rejected by adults as disgusting (faeces, grasshoppers),

dangerous (liquid soap) or inappropriate for some other reason (dog

biscuits). They examined food rejection by the children using behavioural

tests in which the child was actually offered each substance (using either

real or safe simulated examples) and invited to consume it. A much higher

range of items was put into the mouth by the younger (16–29-month-old)

children. Children 30–60 months old accepted foods that adults accep-

ted, and continued to accept foods that adults rejected as unsuitable

combinations; but they progressively came to reject those substances

that adults rejected as disgusting, dangerous or inappropriate.

A plausible case can be made that disgust as an emotion initially

evolved to provide protection from the risk of infectious disease (Curtis

& Biran, 2001). Curtis, Aunger and Rabie (2004) examined responses to

paired visual stimuli constructed so that although the items were gene-

rally similar, one of the pair implied a greater disease risk than the other.

Examples are a louse and a wasp, or an underground railway carriage with

people in it or without. They found that the stimuli implying a greater

disease risk were systematically rated as the more disgusting in all parts of

the world. An important risk for infection comes from eating contami-

nated foods, and adults reject food that is contaminated. In an initial

study of the development of contamination sensitivity in 3–12-year-old

children (Fallon, Rozin & Pliner, 1984) a series of scenarios was pre-

sented in which a glass of a drink that a child liked was first contaminated

with a grasshopper or the faeces of a dog. A number of manipulations

followed, with the contaminating substance being removed, the glass

emptied of the drink and refilled, or the glass emptied, washed and

refilled. All the children disliked the drink that contained the foreign

bodies. But children under 7 years old liked the drinks again after the

foreign bodies had been removed. These children did not, therefore,

show a contamination response of the kind shown by older children or

adults, who wanted the glass washed; half the adults were not even happy

to drink from the glass however much it was washed. This study was

based on stories, but a subsequent study used more direct behavioural

tests (Rozin, Fallon & Augustoni-Ziskind, 1985). Three types of actual

(closely simulated) contamination were employed in relation to a drink of

apple juice or the eating of a cookie. In the case of the apple juice, the

contamination involved stirring the apple juice with a comb, apparently

one that the child had just seen used to comb the experimenter’s hair, or

contamination with a grasshopper (which was in fact sterile). In the case

of the cookie, contamination was with ‘ground up grasshopper’. The

child was asked ‘Will you drink some juice?’ Children in the youngest
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age group (3–6) clearly showed the least contamination sensitivity, with

77% willing to drink apple juice stirred with the comb. Older children

showed much greater contamination sensitivity, with less than 9% pre-

pared to drink the juice. A difficulty raised by the authors themselves and

considered in more detail by Siegal (1997) concerns the extent to which

the different responses of the younger and older children might reflect

differences in their responsiveness to the demand characteristics of the

experimental situations used, rather than differences in their understand-

ing of contamination. Is it simply that younger children are more willing

to go along with what adults suggest (such as to drink contaminated

juice)? Siegal varied the test, again using real objects to illustrate contami-

nation (a glass of milk containing a cockroach, a comb or a spoon)

but asking whether another child would get sick if they drank the milk

(Siegal, 1988), and found evidence for contamination sensitivity even in

4–5-year-old children.

Because omnivores eat a very varied diet, identifying a food that is

actually toxic is a key problem for them, and one which has led to the

evolution of specialised feeding habits and associated specialised learning

abilities. These were first documented in rats (Rozin, 1976). Wild rats do

not initially eat newly provided foods in any quantity, which makes it

difficult to control them with poisons (they are ‘bait shy’). They sample

only small amounts of a newly offered food, and increase their intake of it

only if it does not lead to adverse gastrointestinal consequences. They can

selectively associate the tastes of newly eaten foods with illness symptoms

even if the symptoms follow after many hours, and only in the absence of

such symptoms do they gradually come to accept new foods after some

experience with them. Given the generally important role of this ‘neo-

phobic’ behaviour in omnivores, it is perhaps not surprising that young

children are also neophobic, and tend not to accept new foods at all

readily. Birch et al. (1987) showed that faced with their first exposure to

novel foods 69% of 2 year olds refused to taste them. The neophobia

weakened with age, with 29% of 3 year olds refusing novel foods but

none (0%) of the 5 year olds.

Is this neophobia in relation to food in children really a phobia, or is the

term being used in a figurative sense? In a relatively early study on

children (Pelchat & Pliner, 1986) measures of food neophobia were not

related to shyness or fearfulness. These were measured in a rather ad hoc

way, however – the fearfulness scale comprised only two questions, for

example, one of them about nightmares. A later study (Pliner & Loewen,

1997) examined the relationship of food neophobia to temperament

dimensions in 5–11-year-old children. One of the dimensions was shy-

ness, which is related to behavioural inhibition in infancy, and to anxiety
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disorders developing later (Kagan, Reznick & Snidman, 1988). Pliner

and Loewen found that there was a correlation between neophobia and

shyness, which was statistically significant though quite small. Galloway,

Lee and Birch (2003) found that neophobia was significantly related to

anxiety in 7-year-old girls, and there is evidence in adults that neophobia

is related to state and trait anxiety (Pliner & Hobden, 1992; Pliner,

Pelchat & Grabski, 1993) and that it is increased by induced fear

(Pliner, Eng & Krishnan, 1995). All these findings suggest that there is

a literally phobic response at work. On the other hand, most anxiety-

related disorders are more prevalent in females (Kessler et al., 1994).

Gender differences in food neophobia are absent in some studies (Cooke,

Wardle & Gibson, 2003; Pliner & Hobden, 1992), but where they have

been found neophobia is commoner in males (Hursti & Sjödén, 1997).

Most phobias are reduced or eliminated by exposure to the feared sti-

mulus (Linden, 1981). Food neophobia is not reduced simply by expo-

sure to a new food: the food must actually be tasted, as noted above (Birch

et al., 1998).

Whatever its exact relationship with other types of anxiety, a certain

amount of evidence suggests that neophobia as assessed in research is

related to naturally occurring patterns of food intake. Hursti and Sjödén

(1997) found that more neophobic children were less likely to have

sampled a range of different foods, and Cooke et al. (2003) found that

they consumed vegetables (and, to some extent, fruit, meat and eggs) less

frequently. Similar findings are reported by Falciglia et al. (2000), though

the only nutrient that the neophobic children in this study did not con-

sume in adequate amounts was vitamin E. The corresponding benefits of

neophobia have not been studied; we do not know, for example, whether

children who are more neophobic are less likely to be poisoned.

The familiarity of a food can be changed, and children come to accept a

wide range of foods as a result of continual exposure to them. This has

been experimentally demonstrated, for example, for cheeses (Danish

Esrom, Philadelphia cream cheese, Norwegian gjetost, Nauvoo blue

and Wisconsin cheddar), for fruits (lychees, dried apricots, kadota figs,

Queen Anne cherries and dried bananas) and for vegetables (Birch &

Marlin, 1982; Sullivan & Birch, 1994; Wardle et al., 2003). Adults also

come to prefer novel food tastes more with exposure to them (Pliner,

1982). Actual consumption of the food is necessary: simply looking at or

smelling the food does not make it more acceptable (Birch et al., 1987). In

early childhood quite prolonged exposure is necessary, and preferences

continue to change over 10–20 samplings of a novel food (Birch &

Marlin, 1982), but there is some evidence that over the early weaning

period, when infants are first learning to accept solids, exposure learning
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is much more rapid, and preferences are increased by a single exposure to

a novel food (Birch et al., 1998). This provides the possibility of promot-

ing desirable food preferences by exposing children to appropriate food

over the weaning period; but also, of course, of promoting undesirable

food preferences.

3.3 Food preferences

By the time they are 3 or 4 years old children can be asked directly about

their food preferences, and there is evidence that they do indeed choose

more of foods that they say they prefer (Birch, 1979b). In children of this

age there are two characteristics of preferred foods – they tend to be more

familiar and they tend to be sweeter. This has been demonstrated, for

example, for sandwiches (Birch, 1979b) and for fruits (Birch, 1979a).

The preference for familiar foods is the converse of the neophobia dis-

cussed in Section 3.2. The preference for sweet foods has almost certainly

evolved because of the high energy content of foods that contain sugars.

There isn’t much evidence that person to person variations in food

preferences are genetically based (Rozin & Millman, 1987). They are a

product of experience, as the great variability in preferred foods in differ-

ent culture attests. Food preferences are important because they are likely

to be related to the child’s energy intake, since a preference for sweet and,

particularly, fatty food is likely to lead to the consumption of food with a

relatively high energy density. The consumption of other specific foods or

food types can also have other specific benefits, or, in some cases,

disadvantages.

Salt intake, for example, is a risk factor for hypertension. There is some

evidence that even in infancy higher salt intakes are associated with a

higher blood pressure later in life. This evidence comes from a Dutch

study in which infants were randomly assigned to a normal or a low

sodium diet for the first six months of life (Geleijnse et al., 1996). The

infants assigned to the low sodium diet had lower blood pressures at the

time, and also when they were later followed up as adolescents. We saw

earlier that after about two and a half years of age children come to reject

saltier water. They do not, however, reject saltier foods; when soup or

cereal is salted, children of this age prefer it (Beauchamp & Moran,

1984). This preference may be partly a consequence of experience with

salty foods. Harris and Booth showed in an observational study that

preference for salted cereal in 6-month-old infants was higher the higher

their salt intake was over the previous week (Harris & Booth, 1987;

Harris, Thomas & Booth, 1990). However, in another, controlled,

study in which salt was added to a vegetable over a 10 day period no
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clear preference for the salted vegetable emerged (Sullivan & Birch,

1994). Older (4–5-year-old) children did come to prefer the salted ver-

sion of a food if they were exposed to it, but the preference was restricted

to the food that the salt was added to: there was no evidence the children

came to prefer saltier versions of other foods (Sullivan & Birch, 1990).

Even if the preference is not generalised it is obviously undesirable that

children should be given foods that have an unnecessarily high salt con-

tent, as many processed foods still do.

Preferences can be altered in other ways than by simple exposure.

Feeding in infants and young children is inherently social, and the eating

of a novel food is facilitated if an adult eats the same food at the same time

(Addessi et al., 2005). In older children with developed language abilities

their capacity to generalise from particular examples to wider classes of

foods using verbal labels clearly makes the development of food prefer-

ences a more conceptually based process. Horne and colleagues (Horne

et al., 1995; Horne et al., 1998) have designed a programme to change

food preferences in children that specifically seeks to employ general-

isations of this kind. Preferences for foods can also be altered by their

nutritional consequences, either to make the food more acceptable or to

make it less acceptable, by processes of associative conditioning. This has

been demonstrated by pairing a novel flavour in an arbitrary way with

foods that have different post-ingestional consequences; for example, the

energy yield of foods can be varied by altering their carbohydrate or fat

content. When this is done flavours paired with a higher energy food

come to be preferred over those paired with a low energy food (Birch et

al., 1990; Johnson, McPhee & Birch, 1991). There is some evidence that

an association of this kind underlies some everyday food preferences in

children. Gibson & Wardle (2003) have shown that there is a strong

correlation between the energy density of fruits and vegetables and the

preferences of 4–5-year-old children for them, as reported by their moth-

ers. Since the energy density of fruits is determined by their sugar content

this might simply be an effect of their sweetness. In vegetables, however,

starch or protein also contributes to total energy content and the associ-

ation is independent of the sugar content of the foods.

The opposite of a food preference is a food aversion. Bitter tasting

foods are often rejected, and food aversions can also be learnt. In other

species of mammals, when a particular taste is associated with gastro-

intestinal illness as a result of poisoning a specific taste aversion develops

to the flavour in question. This kind of learning has also been demon-

strated in children receiving drugs that led to adverse gastrointestinal

consequences as chemotherapy for cancers (Bernstein, 1978). If the

children were offered a novel flavoured ice-cream before the chemotherapy
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their liking for the ice-cream was strongly reduced, when they were

compared with children given the ice-cream without the chemotherapy,

or the chemotherapy without the ice-cream. As a practical problem in the

care of children needing chemotherapy this effect can be ameliorated by

the use of ‘scapegoat’ foods (Andreson, Birch & Johnson, 1990; Broberg

& Bernstein, 1987). Novel foods (for example, coconut or halva) given

before chemotherapy come to be aversive, but can to some extent protect

foods that are a familiar part of the diet from themselves becoming

aversive.

An important food aversion is seen in children who avoid drinking

cows’ milk. Cows’ milk provides a wide range of nutrients, but one that

is particularly important is calcium. Calcium is essential for the formation

of bone, which is necessary for linear growth, and also for peak bone mass,

which is important for preventing osteoporosis in the later years of life.

Black et al. (2002) compared 50 New Zealand children 3–10 years old

with a history of cows’ milk avoidance and 200 control children from

the same town. Mean dietary calcium intakes in the cows’ milk avoiders

was 400–500 mg/day, while in the controls it was between 11,000 and

13,000 mg/day. The avoiders were significantly shorter, and their total

body bone area and bone mineral content was significantly lower. The

reasons for the milk avoidance fell into three classes. One group (40%)

were milk intolerant, as a result of an inability to break down lactose (the

sugar contained in milk) or as a result of an allergy to cows’ milk. A second

group (42%) said they thought milk had a ‘bad taste’, though most of

them did not report any adverse symptoms from drinking it. A third group

(18%) were described as avoiding cows’ milk as a lifestyle choice – their

families chose soy or goats’ milk instead. A high proportion of these milk

avoiders had already had broken bones. Ten, for example, had had

fractures of the distal forearm, an annual incidence three or four times

greater than expected. The higher incidence of fractures was confirmed at

a follow-up two years later (Goulding et al., 2004). In this example there

was a clear continuity in the child’s food avoidance over time – most of the

children were breast-fed, started avoiding cows’ milk in the second year of

life and continued to avoid it subsequently.

A related but much more widespread problem is that calcium intake

tends to be too low in adolescents, partly because milk tends to be

displaced from the diet by fizzy drinks (Wyshak, 2000; Wyshak & Frish,

2000). High consumption of such drinks is associated with a substantially

increased risk of bone fractures in teenage girls, which is partly due to

reduced milk intake and probably partly also to an increased intake of

phosphorus from the fizzy drinks. In younger (5-year-old) girls the rela-

tive intakes of milk and soft drinks have been shown to be associated with
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similar relative intakes in the girls’ mothers (Fisher et al., 2000). It does

not seem to be particularly difficult to increase milk intake in adolescent

girls if they do not have a specific milk avoidance. Cadogan et al. (1997)

randomised 82 12-year-old girls to two groups. A pint of whole or

reduced fat milk was delivered daily to the home of all the girls. One

group was asked to consume as much of it as possible; the other to

continue with their usual diets: 80 of the 82 girls completed the trial.

Bone mineral acquisition over 18 months was significantly greater in the

group who were asked to consume extra milk. To maximize bone density

in children both high levels of calcium intake and periodic vigorous

activity are needed, since the two have a synergistic effect (Rowlands

et al., 2004).

In other cases, such as fruit and vegetable intake, it is less clear to what

extent we are dealing with characteristics of the child’s behaviour that are

stable over time or can easily be modified. Fruit and vegetables have an

important role in a healthy diet for a number of reasons. They provide a

range of important vitamins and minerals. They tend to be low in fat and

relatively low in energy, so they help protect against obesity. And epide-

miological evidence shows that high fruit and vegetable consumption is

associated with a lower risk of cancer and of heart disease (Key et al.,

1996). There is evidence now that adult heart disease has roots in child-

hood, and is associated with the same kind of cardiovascular risk factors

in childhood (Berenson et al., 1989). In the Framlingham Children’s

Study higher levels of fruit and vegetable consumption were associated

with a lower rise in blood pressure over an eight-year period (Moore et al.,

2005).

There is some evidence that childhood habits also influence the eating

of fruit and vegetables later on when the children are adults. In a national

survey of fruit and vegetable consumption in the USA (Krebs-Smith

et al., 1995), the belief of nutritional epidemiologists that health is bene-

fited by five or more portions of fruit or vegetables a day was shared by

remarkably few members of the adult population – only 8%. The pro-

portion was higher in women (11%) than in men (4%). After taking

demographic variables into account, a habit of eating fruit and vegetables

since childhood, as reported by the respondents, was a significant pre-

dictor of adult fruit and vegetable consumption. Rather disconcertingly,

the proportion of respondents reporting such a childhood habit fell

steadily with their age, from about 50% in those who were 65 or older

to 25% in those 18–34 years old at the time of the survey, suggesting that

in this respect the nutrition of children has been getting steadily worse.

The habit was also less common in wealthier and better educated mem-

bers of the population. Dietary intake of fruit and vegetables partly
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reflects nutritional knowledge, and the relationship between fruit and

vegetable consumption and social class in the UK is partly attributable

to differences in nutritional knowledge (Wardle, Parmenter & Waller,

2000). Children begin to acquire this knowledge very early; Anliker et al.,

for example, found significant levels of nutritional knowledge in children

at 3 years of age (Anliker et al., 1990).

A number of other studies have examined continuities in the dietary

habits in children as they grow up (Resnicow et al., 1998; Singer et al.,

1995). In the first of these studies (Singer et al., 1995) the tracking of

nutrients was examined from 3–4 to 7–8 years of age. Ten different

nutrients were examined, including energy from different sources (pro-

tein, carbohydrate and fat, and from saturated and unsaturated fats),

calcium and sodium. Over this five-year period, the rank order correla-

tions ranged from .35 to .62. The median correlation was less than .5.

These are not particularly high correlations; of the children in the top

20% for calcium intake at 3–4, for example, only 40% were in the top

20% at 7–8. The second study (Resnicow et al., 1998) investigated fruit

and vegetable intake, and the tracking examined was for foods (servings

of fruit and vegetables) rather than for nutrients. The children were

followed over the two years from 8 to 10. Again, the correlations were

not particularly high, ranging from .35 (vegetables in boys) to .50 (fruits

in boys). These studies involved following children over a relatively short

period: the correlations for longer periods, particularly through the teen-

age years into adult life, are likely to be substantially smaller. An optimist

might take encouragement from this, since it shows that nutritional habits

can change. A pessimist might think that the scope for useful nutritional

interventions in the school years is going to be limited, since even if the

interventions are effective at the time the children’s dietary habits are not

likely to be very stable over the years.

Because of the evidence for its benefits to health, the National Cancer

Institute in the USA has sought to promote the eating of five portions of

fruit or vegetables a day (Foerster et al., 1995). Similar recommendations

have been made in the UK by the Department of Health and more

generally by the World Health Organisation. However, daily intakes of

fruit and, particularly, vegetables are much lower than this both in the

USA and the UK (Basch, Zybert & Shea, 1994; Gibson, Wardle & Watts,

1998; Krebs-Smith et al., 1996). The study of Krebs-Smith et al. was

based on a nationwide sample of US households and provided the first

nationwide estimates of fruit and vegetable consumption of children in

the USA. Only 16.4% of males and 17.5% of females 6–11 years old ate

five or more portions (of fruit and/or vegetables) a day. The proportion

meeting this target was substantially lower in poorer families. Gibson
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et al. (1998) found in a sample of 10-year-old children in London that

their average intake was one portion of fruit and one of vegetables a day,

together with some fruit juice. Fruit intake, but not the intake of fruit juice

or of vegetables, was related to economic deprivation in the family, with

fruit intake about 30% lower in the more deprived families. Both fruit

and fruit juice consumption were higher if the child’s mother was

better educated, though vegetable consumption was not. A similar find-

ing has been reported in 9–15-year-old Finnish children (Laitinen et al.,

1995).

Clearly to change dietary habits to the extent that is needed to optimise

later health requires population-based interventions, and as all children go

to school attempts have been made to increase fruit and vegetable con-

sumption through school-based interventions. An example is the ‘5-a-day

power plus program’ in Minnesota (Perry et al., 1998). In this study 20

elementary schools in the St Paul district were matched in pairs. The

matching took into account school size, ethnic composition and the pro-

portion of children receiving subsidised meals. Ten schools were allocated

at random to receive the intervention. The other ten acted as control

schools (though they subsequently received the intervention at a later

stage). The intervention took place in the fourth and fifth grades, when

the children would have been 9–10 years old. It involved four components:

behavioural curricula, parental involvement and education, changes to the

school food service and the involvement and support of the local food

industry. The behavioural curricula included skill building and problem

solving activities, and snack preparation and taste testing. Parental involve-

ment included information and activity packs brought home by the child,

and ‘snack packs’ prepared by the school food service containing food and

vegetable food items for the child to take home and prepare snacks for their

family. The school food service intervention sought to encourage the

selection and consumption of fruits and vegetables at school lunch, by

increasing the variety and choice of fruits and vegetables available, by

enhancing their attractiveness and by direct promotion at the point of

sale. The industry component involved support from industry for the

activities involved in the intervention. This was, then, an impressively

comprehensive intervention. The outcome measures included both direct

observation of food choices during school lunch and data from 24-hour

food recall (by the child) and telephone interviews (with their parents).

Significant increases were found in fruit consumption in all children. Some

increases were also found in vegetable consumption, but these were limited

to girls at lunchtime. The authors suggest that the greater readiness of girls

to increase their vegetable consumption might be related to their being

generally more diet conscious, as they have also been shown to be more
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receptive to other dietary health education programmes (Perry, Kelder &

Klepp, 1994). These changes were all measured soon after the end of the

intervention. While the results are encouraging, this does not necessarily

mean that the children’s diet will be altered in the long term. Impressive

short-term effects have been found in a similar school-based programme

dealing with the prevention of smoking, for example (Best et al., 1984;

Flay et al., 1985), but a longer-term follow-up showed a discouraging lack

of long-term benefits (Flay et al., 1989).

3.4 Feeding problems from weaning

As feeding behaviour changes over the weaning period into the eating

behaviour characteristic of older children and adults, so a range of new

problems can arise. Learning to eat solid foods can lead to a series of

problems with the handling of foods of different textures, and the range of

possible foods available to older children can lead to problems associated

with food choice. A valuable study of early feeding and eating problems

was carried out by a group of clinical psychologists at the University of

Uppsala (Lindberg, Bohlin & Hagekull, 1991). It was population based

(the study samples comprised the parents of all the infants born in

Uppsala over specified periods) and two independent samples of parents

and children were studied about a year apart. A population-based study

provides a better basis for generalisations than a clinic-based study, and a

replicated sample is valuable because an association found in two inde-

pendent samples is much less likely to be due to chance than one found

only in a single sample. The infants in the study were 30–71 weeks old in

the first sample and 30–60 weeks old in the second, and both earlier

feeding problems and problems still current at the time were investigated.

As we might expect from the problems dealt with in Chapter 2 the most

commonly reported earlier feeding problem was colic, affecting 7.9% and

11.3% in the first and second sample respectively. Vomiting was reported

in 3.4% and 6.2%. Refusal of solids was reported for 4.7% of the children

in the first and 3.9% in the second sample. In the weaning period, after

the first six months, refusal of solids and a related cluster of behaviour

including poor appetite, refusal to eat and difficulty swallowing were the

more common problems. As reported by the parents of both samples, the

siblings of index children with feeding problems also had significantly

more feeding problems than the siblings of controls, and both parents

of the ‘refusal to eat’ children also had significantly more feeding pro-

blems themselves.

Feeding problems are problems for parents, but as with sleeping pro-

blems this does not necessarily mean that they are problems for the
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children. To examine this we have to consider what adverse effects, if any,

are associated with the behaviour that the parents see as a problem. One

outcome that is always important in children is their growth. Dahl and

Kristiansson (1987) examined growth up to 2 years of age in 42 children

with feeding problems. The criteria for a feeding problem in this study

were rather strict, and involved both the parents and a Child Health Care

Organisation nurse concurring that the child had a feeding problem. The

problem had to exist continuously for at least one month, and to be

resistant to primary care help given at the Child Health Care

Organisation. These, then, were likely to be feeding problems of the

more severe and persistent kind. The main problems identified in this

sample were colic (9 infants), vomiting (8 infants), and a refusal to eat

(28 infants). Colic did not affect growth, measured either as gain in

weight or in length. Vomiting did affect it at the time, but growth had

recovered by the time the children were 2 years old. Refusal to eat,

however, was associated with poor growth as reflected in both weight

and length, and the effect persisted to 2 years of age. These children were

followed up in subsequent studies at 4 and 9 years of age (Dahl, Rydell

& Sundelin, 1994; Dahl & Sundelin, 1992). At 4 years old they were still

significantly lighter and shorter than controls and were still three times as

likely to have feeding problems. They were also more likely to be

described by the parents as ‘hyperactive’. By 9 years of age, however,

they were no different from the controls in height or weight, general

behaviour or health. They still presented more eating problems at home

though, and at school as reported by their class teachers. There is some

evidence that this refusal to eat is transgenerational. Again the mothers

were more likely to have had early feeding problems themselves, a finding

reported by the mothers themselves but also scrupulously checked by

interviews with the mothers’ parents and examination of their own

growth records (Dahl, Eklund & Sundelin, 1986).

Another source of difficulty for parents is the inconsistency in child-

ren’s food intake from meal to meal. This has been formally documented

in a study in which energy intake was measured accurately in 15 children

2–5 years old over a six-day period (Birch et al., 1991). The children were

offered ample amounts of food in standardised meals, and the quantities

taken were weighed and the child’s energy intake calculated. Viewed meal

by meal, the food intake of the children was very variable. An individual

child could take, for example, a breakfast of 420 kJ on one day and of

1470 kJ on another. Variability of this kind can be summarised as a

coefficient of variation (CV), the standard deviation expressed as a pro-

portion of the mean. The average CV for different meals was 31% for

breakfast, 30% for the morning snack, 44% for the afternoon snack,
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39% for dinner and 35% for the evening snack. This variability in a child’s

intake can make it difficult for parents to plan for meals, but over more

extended periods energy intake tends to be more stable. Over the whole

day the CV was only 10.4%. The same characteristics of food intake are

found if the normal intake of children in their natural environment is

analysed (Shea et al., 1992).

If meal times are fixed then children can only compensate for the

variability of energy intake at one meal by varying their energy intake at

subsequent meals, and this compensation for earlier meals may partly

underlie the variability in energy intake at meals in young children. That

they do compensate has been shown formally in studies in which the

effect of an energy load on a child’s subsequent food intake is examined.

Birch and Deysher (1986) first investigated this. The children were

2–5 years old, and in the study their food intake at a lunchtime meal

was compared after high and low energy preloads. The preload was a

pudding-like snack; the high energy snack contained four times as much

energy as the low energy snack. Adults were studied at the same time. The

results are shown in Figure 3.3. On average this compensation was very

accurate in the young children; indeed, it was much more accurate than

in the adults. In what may be a related finding, Rolls, Engel and Birch

(2000) found that 3-year-old children ate the same amount of macaroni

cheese regardless of the size of the portion they were offered. Older

(5-year-old) children, on the other hand, ate more when they were offered

a larger portion. In their ordinary lives Mrdjenovic and Levitsky (2005)

showed that in 5–6-year-old children the amount served to the child was

by far the strongest predictor of energy intake at a meal.

In studying energy intake we are usually concerned with the quantities

of foods eaten. They may be too low, leading to poor growth and other

sequelae of malnutrition, or too high, leading to the storage of fat and

potentially to the development of obesity. There is some evidence that the

capacity to regulate energy intake precisely varies from child to child, and

that it is related to these body weight problems. This evidence will be

considered in Chapters 7 and 8. Other problems concern the intake of

specific nutrients, such as vitamins and minerals, and problems of this

kind are often viewed more generally as problems of the variety rather

than the amount of food taken. The working assumption of most parents

(and professionals) is that if a sufficiently varied diet is consumed it will

include adequate quantities of all the essential nutrients. Problem child-

ren are those who eat only a restricted range of foods. These children are

described as ‘choosy’, ‘faddy’, ‘finicky’ or ‘picky’ eaters.

Terminology dealing with the eating behaviour of children is not used

very consistently. Appetite is a desire for food, or hunger. To talk of a child
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with a good or poor appetite refers to their overall willingness to eat.

Anorexia is a lack of appetite (though the diagnostic term anorexia nervosa

confusingly refers to a condition characterised by a fear of fatness, and not

by a lack of appetite). Choosy, faddy, finicky or picky eaters are charac-

terised by selective eating of foods, limiting the variety that is eaten rather

than the quantity, although it is sometimes not clear, either in lay or

professional usage, to what extent these concepts of selective eating are

differentiated from concepts relating to the child’s overall willingness to

eat, nor is it clear to what extent a poor appetite might lead to finickiness.
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Figure 3.3 Energy compensation in young children. Adapted by
permission from Birch and Deysher, 1986, using the original scale in
kcal (40 kcal ¼ 167 kJ; 150 kcal ¼ 628 kJ). ‘Low’ and ‘high’ show the
average intakes with a low- and a high-energy preload in children (left)
and adults (right). The children have compensated for the preload, with
no overall increase in energy intake (unlike the adults). Reproduced
from Appetite, 7, 323–31, copyright 1986, with permission from
Elsevier.
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Rydell, Dahl and Sundelin (1995), for example, studied primary school

children (6–11 years old) described as choosy eaters, but the criteria used

to identify them (eats small portions, refuses food, ‘disinterested’ in food)

do not clearly relate to the variety rather than the amount of food eaten.

Neophobia more specifically involves an unwillingness to eat novel foods,

though again some authors treat neophobia and finickiness as equivalent

(Carruth & Skinner, 2000).

How do children described by their parents as ‘finicky’, ‘picky’, ‘faddy’

or ‘choosy’ eaters actually differ from other children? As we have seen,

there is no simple natural division between foods and non-foods, and all

children must be choosy eaters – they must choose to eat what is nutri-

tionally valuable, non-toxic and microbiologically safe. The term is a

relative one. Choosy eaters are slightly more choosy than their parents

would like them to be. Carruth et al. (1998) studied picky eaters as

toddlers, using criteria that did identify children who ate a lower diversity

of foods, but whose overall energy intake was almost identical to that of

another group of children who were used as controls. Intakes were reported

for a range of different nutrients. Compared with Recommended Dietary

Allowances (RDAs) the picky eaters consumed less than recommended

levels of calcium, zinc, vitamin D and vitamin E; but this was also true of

the control children, and there was no significant difference in this between

the picky eaters and the controls. There was also no evidence that height or

weight were adversely affected in the picky eaters. From the mothers’

descriptors, neophobia was clearly a major component, at least, of picky

eating, the mothers saying, for example, that ‘(he) is unwilling to try new

things, anything new at all’ and ‘wants to eat the same thing – won’t try

anything new’ (p. 183). These children were followed up until they were

7 years old. The behaviour persisted, but no differences from the control

children in either dietary intakes or growth emerged. There was no clear

evidence in this study, then, that picky eating defined in this way was

actually associated with poorer nutrition for the child. Galloway, Lee and

Birch (2003), however, did find a relationship with vegetable consumption

in 7-year-old girls. Picky eaters ate fewer servings of vegetables, as

recorded in 24 hour recall over three days, though the level of vegetable

consumption was undesirably low in all the girls, whether they were picky

eaters or not. A much larger study of a more representative population of

children from 4 to 24 months followed (Carruth et al., 2004). The

proportion of children deemed by their carers to be picky eaters increased

systematically with age, from 19% at 4–6 months of age to 50% at 19 to

24 months. Although in this large sample intakes of some nutrients were

significantly lower in the picky eater group, especially over the second half

of the first year, mean intakes were well above the Recommended Dietary
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Allowances in both groups. There was an association with weight: picky

eaters were more likely to be below the 25th centile of weight for age. But

in a culture in which the principal nutritional problem is overweight and

obesity, this should not be necessarily be seen as an adverse effect.

In a study that involved direct behavioural observation as well as

parental reports Jacobi et al. (2003) examined picky eating during the

feeding of standardised meals to 3–5-year-old children. The children

were observed in a laboratory, eating lunch from a standard buffet, and

food was also provided from two standardised coolers for the assessment

of food intake at home over 24 hour periods. The picky eaters were

identified by means of the parent’s response on a five point Likert scale

to the question ‘Is your child a picky eater?’ Of the 135 children, 29 (21%)

were identified as picky eaters. Boys and girls were equally likely to be

picky eaters, and there was a quite strong consistency between the child-

ren identified as picky eaters at 4 years and at 5 years (the correlation

was .68). The parents reported that the picky eaters ate a limited variety of

foods, requested that food be prepared in specific ways, and were less

likely to accept new foods readily. They were more likely both to have

strong likes and strong dislikes, and were less likely to be reported as fast

eaters. Data from food intake at home showed that the ‘picky eaters’

identified in this way did eat a lesser variety of foods, though the differ-

ence was small (on average one food less than the controls, who ate 12 or

13 different foods). They were significantly more likely to avoid eating

vegetables (especially the boys). The energy intake of the picky eaters was

not substantially lower, but there was an interesting gender specific effect:

the picky girls actually reduced their energy intake from 3 to 5 years of

age, while the non-picky girls and all the groups of boys increased it.

There were no differences between the two groups in the measured meal

durations or in the rate of eating (bites per minute). The children were

involved in a longitudinal study from birth, so interesting comparisons

concerning their early feeding history and their parents’ eating styles were

possible. The picky eaters made on average over 100 fewer sucks in feeds

observed during the first month of life, and took in significantly less milk.

Indeed 17% of the picky children had refused to suck at all, twice as many

as in the non-picky group (8%). There were, therefore, clear precursors of

picky eating in the early feeding behaviour of the children, of a kind that

might suggest a lower appetite generally. The eating style of their parents

was assessed at the child’s birth using measures of dietary restraint and

disinhibition from the Three-factor Eating Questionnaire (Stunkard &

Messick, 1985), their body dissatisfaction using a subscale for the Eating

Disorder Inventory (Garner, Olmsted & Polivy, 1983) and their body

mass. There were no significant differences in any of these.

Feeding behaviour: from weaning onwards 65



Although picky eating can be worrying to parents, and it is quite

common in young children, internationally the single most important

problem associated with weaning is its association with diarrhoeal

disease. Infants of any age can suffer from diarrhoea, but exclusively

breast-fed infants are largely protected against it, so its prevalence in

predominantly breast-fed populations is generally highest in the second

half of the first year (Waterlow, 1981). One major source of diarrhoea is

weaning food itself. For example, in rural areas of the Gambia infant

foods are prepared in sufficient quantities to last all day (Rowland, Barrell

& Whitehead, 1978). The extent to which the foods are contaminated

varies with storage time and the time of year, being higher in the wet than

the dry season. In the dry season 6.8% of foods sampled contained

unacceptable levels of pathogenic bacteria soon after preparation, and

70.7% did after 8 hours; in the rainy season 34.9% contained unaccept-

able levels soon after preparation, and virtually all did after 8 hours

(96.2%). In rural Bangladesh 41% of samples of food fed to children

5–18 months old contained Escherichia coli, an indicator of faecal con-

tamination (Black et al., 1982). Another source of infection leading to

diarrhoeal disease is environmental contamination. The weaning period is

also a period in which children learn to crawl and then to walk, and this

greater mobility in the second half of the first year may expose them more

readily to environmental sources of contamination. The extent of diarrhoeal

disease shows that disgust-based aversion to source of contamination in the

child can only protect them to a very limited extent, if at all. It may have

important benefits via the mother, however, for example in stimulating hand

washing (Curtis, 2003). Hand washing is very important in protecting

against diarrhoeal diseases, and disgust sensitivity is stronger throughout

the lifespan in women than in men (Curtis, Aunger & Rabie, 2004).

Diarrhoeal disease reduces growth rates in children (Black, Brown &

Becker, 1984; Bohler & Bergstrom, 1996; Cole, 1989). This is to some

extent attributable to effects on the absorption of nutrients, but these

illnesses also directly affect food intake itself. Although the withdrawal of

food by parents during episodes of diarrhoea is a tradition in some

cultures (Khan & Ahmad, 1986; Kumar et al., 1985), the reduction in

the child’s food intake is also a result of a direct anorexic effect of the

illness (Brown, 1991; Brown et al., 1995). Brown et al. (1990), for

example, measured the energy intake of children in the first year of life

in Huascar (Lima) in Peru, and also recorded fever, diarrhoea, and

respiratory and other illnesses. Diarrhoea and fever reduced energy intake

by 5–6%. Intake of breast milk was unaffected, as was the frequency of

breast-feeding and the total time the infant was suckled; intake of food

from other sources was reduced by 20–30%. The infants’ mothers
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reported episodes of anorexia associated with illness with reasonable

accuracy, as shown by the correlations with food intake made on the

same day; the child’s appetite was also suppressed on the day before the

illnesses became apparent to the mothers (Brown et al., 1995).

It is easy to attribute malnutrition to a lack of food, or, if there is no lack

of food, to a lack of parental care. Of course it can be due to either. But the

problem of malnutrition is more complex than this. Golden points out

that even in countries in which malnutrition is common, when one visits

the home of a malnourished child food is almost always available

(Golden, 1991). But the diet offered to young children is often very

monotonous. In Jamaica they may be fed tea and a maize-based porridge

at every meal (Golden, 1991). ‘Sensory specific satiety’ has been demon-

strated both in adults and in children – the palatability of a particular food

is specifically reduced in the short term when the particular food is eaten

(Birch & Deysher, 1986). Correspondingly, food intake at a meal

increases if a variety of food is offered. So one would expect a very

monotonous diet to be associated with a lesser intake of food. In addition,

as we saw above, learned food aversions can result if the intake of a food is

followed by symptoms of gastrointestinal illness. In countries in which

diarrhoeal disease is common, which are generally the same as those in

which malnutrition in infancy is common, it seems plausible that learned

food aversion to the commonly offered staples is also likely to be com-

mon, though at the moment this is not something on which we have direct

evidence. A further problem is that many nutrient deficiencies themselves

lead to anorexia (Golden, 1991). This has been shown experimentally,

for example, in relation to zinc deficiency (Hambidge, 1986; Krebs,

Hambridge & Walravens, 1984). Thus there is a whole series of reasons

for expecting malnourished children to have poor appetites: the anorexic

effects of diarrhoeal diseases, conditioned food aversions, sensory specific

satiety and the effects of micronutrient deficiencies may all have a role.

Although research on this topic is limited, there is direct evidence that

malnourished children frequently do not eat food which they are offered.

This has been shown, for example, by the careful systematic observation

of children in Mexico (Garcia, Kaiser & Dewey, 1990b). In this study 45

two- to five-year-old children were tracked throughout a single day using

the method of ‘child following’. The child was kept in sight by an observer

from when they woke up in the morning until they went to bed, a period of

11–15 hours. All the food prepared in the home and eaten by the child

was weighed, and all feeding and food-related behaviour, including verbal

behaviour, was recorded. Growth stunting was common in the villages

the children came from, and was recorded in 10 of the 45 children in the

study (most of the other children were more mildly malnourished).
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However, both in the less malnourished and in the more malnourished

children substantially more food was made available to the children than

they actually consumed, and most requests of the children for food

(which were common) were granted. Higher food intake was associated

with more frequent eating (especially snacking) and with more frequent

requests for food from the child (Garcia, Kaiser & Dewey, 1990a). The

same has been shown in children in Peru (Brown, 1991). There is also

good evidence from a number of different countries (including Peru,

Nicaragua, India and Nigeria) that the mothers of young children detect

the anorexia associated with infectious diseases, are concerned about it

and respond to it appropriately by trying to encourage their children to eat

more (Bentley et al., 1991; Engle & Zeitlen, 1996).
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4 Born too small or born too soon

4.1 Growth before birth

Nutritional deficiencies in childhood tend to be most prevalent in the first

three years. This is partly because young children have relatively high

nutritional needs. They are growing rapidly in the years immediately after

birth, and their small body mass gives them a relatively higher require-

ment for energy, as they lose heat more readily. In addition, as noted at

the end of Chapter 3, in many countries there is a high prevalence of

infectious disease in the early years, with diarrhoeal disease, particularly,

leading both to anorexia and reduced food intake, and to poorer absorp-

tion of the food that is eaten. And the weaning of infants in the first year

calls upon them to learn a whole new range of feeding skills which are

initially not well developed.

Up to the time of birth, of course, an infant’s nutrition is derived

entirely from the mother, via the placental circulation. But this does not

mean that all children receive the optimal nutrition before birth, or that

malnutrition cannot occur before birth. It can and does. In considering

the effects of malnutrition on psychological development, therefore, we

need to begin at the earliest stages of development and consider first

effects that might result from malnutrition occurring in the first nine

months from conception, when the child is usually still in utero.

Partly because of the difficulties involved in measuring food intake,

nutritional monitoring in childhood is mainly carried out by measuring

growth, and malnutrition is usually identified by poor growth. Although

linear growth is continuous from the beginning of fetal life through to

adolescence, the measurement procedures used to monitor it are different

at different stages of development. At birth and after birth the child’s

length can be measured, and from 2 years of age their height. The

difference is that length is measured lying down while height is measured

standing: the two measurements are nearly but not exactly equivalent.

Length is a difficult measurement to make at birth, and in older infants, as

infants tend to lie curled up, so two people (and special apparatus) are
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needed to make the measurement accurately. Routine measurements of

length made at birth with a tape measure tend to be very inaccurate. This

is one reason why the key measurement made at birth is birthweight,

which is routinely measured in most countries immediately after the

infant is delivered. Modern electronic balances are very accurate pro-

vided they are properly calibrated. Partly for the same reason, growth in

the first year is routinely monitored by weighing infants, rather than by

measuring their length. Before birth neither weight nor length can be

measured, but using ultrasound the dimensions of skeletal components of

the body can be, for example the width of the skull. These provide

measures of linear growth before birth, though of a slightly different

kind than are available after birth.

An infant’s birthweight can be unusually low because they have grown

poorly during a pregnancy of normal length (born too small), or because

they have been born after a shorter pregnancy than usual (born too soon),

or both. In this chapter we consider the later development of children born

too small or born too soon. In the case of infants born too small a key

psychological question is whether prenatal malnutrition has enduring

effects on cognitive or other abilities, or on other aspects of psychological

development. In the case of infants born too soon, complex questions

concerning the development of feeding behaviour arise, since these infants

are born at a developmental stage at which they would naturally be fed in

utero via the maternal circulation, rather than by feeding orally in the way

a term baby does. Questions concerning the long-term effect of early

nutrition are also important in connection with infants born too soon, and

there is now a substantial body of work dealing with these questions.

Birthweight is a key indicator of the health and welfare of human

populations. It is used, for example, in international comparisons of

child health. A low birthweight is defined for these purposes by the

World Health Organisation as a birthweight below 2500 g. The definition

used to be a birthweight less than or equal to 2500 g, but it was changed in

1976. The difference is only important if weight is recorded in large units,

say 100 g. A low birthweight can be due either to a shorter than usual

pregnancy or to slower than usual growth before birth, or both, and

although measuring a child’s birthweight is simple, distinguishing the

causes of a low birthweight is not. It depends critically on knowing the

date of conception, and the date of conception is not always easily

determined. The average duration of pregnancy is actually just over 38

weeks (Berg & Bracken, 1992), but a pregnancy is normally dated from

the last known menstrual period, which is about two weeks earlier than

the ovulation that results in the pregnancy, so the average duration of

pregnancy is usually deemed to be 40 weeks. Using this scale of gestational
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age, infants born too soon, or preterm, are those born before 37 completed

weeks of gestation, and comprise 6–8% of infants born in Britain (Wolke,

1998). Infants whose growth is markedly below average during preg-

nancy, whether they are born preterm or not, are referred to as small for

gestational age (SGA) or as having intrauterine growth retardation (IUGR).

The terms do not mean exactly the same thing, as the second term explicitly

implies that growth has been abnormally slow, while the first does not,

though the terms are often used as if they are interchangeable. At birth a

weight below the 10th centile of an appropriate standard of birthweight for

the child’s gestational age is often used as a criterion. A preterm infant’s

chronological age is their age from birth, but clearly term and preterm infants

of the same chronological age may be at quite different stages of develop-

ment, and this needs to be taken into account in comparing their develop-

ment. The term corrected age is used of the age of preterm infants in the first

three years of life, and is their age as dated from the expected date of

delivery – i.e. the age they would be had they been born at term.

Errors in the identification of preterm births can arise in a number of

ways – for example if non-menstrual bleeding in the first trimester of the

pregnancy is mistaken for menstrual bleeding, or if a missed early mis-

carriage leads to two pregnancies being confused. Dating of gestational

age can be confirmed by an ultrasound scan early in the second trimester

(when the infant is 16–18 weeks old), from which the width of the skull

can be determined. This is a measure related to head circumference, and

so to linear growth. Comparisons of gestational age determinations from

menstrual dating and from such scans over a large sample (11,045 births)

have shown that of infants assumed to be born preterm from the timing of

the last known menstrual period, about 23% were in fact born at or after

term, and of infants assumed to be born at or after term, about 3% were in

fact born preterm (Kramer et al., 1988). To add to these complexities,

slow growth before birth is one reason for inducing a preterm birth, and

so about one third of infants born preterm in the UK are also small for

gestational age (Tanner, 1989). Poor growth before birth is also the

strongest predictor of a spontaneous preterm birth in women having

their first child (Gardosi, 2005).

There are, then, obvious problems in identifying the developmental

effects associated with a low birthweight, or with being born preterm, as

each is associated with the other. Ideally for research purposes birth-

weight and the duration of pregnancy should both be recorded for each

child and the two variables considered together, a procedure that was

followed in one of the earliest major studies of their intellectual sequelae

(Goldstein & Peckham, 1976). This study involved a follow-up (the

National Child Development Study) of the survivors of 17,000 children
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born in one week of March 1958, who were initially studied in the

Perinatal Mortality Survey. Both birthweight and gestational age were

recorded for each child, so the effect of each could be examined taking the

other into account. In an alternative research procedure, effects of birth-

weight can be determined independently of the duration of pregnancy by

keeping gestational age constant: in practice, this has generally meant

restricting the analysis to infants born at term, as in the study of

Grantham-McGregor and colleagues (Grantham-McGregor et al.,

1998). A second requirement for studies in this area (and for studies of

malnutrition of other kinds) is a properly selected control group. This

may seem obvious, but substantial numbers of studies have been pub-

lished without one. In a meta-analysis of outcome studies of low birth-

weight which reviewed studies published in the decade up to 1989, for

example, a control group was only used in 25 of the 80 studies (Aylward

et al., 1989). In studies that have not used control groups, reliance has

usually been placed on the assumption that the average IQ in a normal

population is known to be 100. But there is a strong secular trend (change

over time) in IQ, which has been rising systematically since IQ tests were

first developed (Flynn, 1999), so the assumption that the average IQ is

100 is only reasonable if an IQ test is used which has been recently

standardised on the same population as the sample of children being

studied. And infants with low birthweights, or infants born preterm,

may come from families which differ from those of other children in social

or other characteristics. They need, therefore, to be compared with

children from families who are comparable in other respects, rather

than with the whole remaining population. A third important require-

ment concerns the follow-up of the children. All prospective longitudinal

studies suffer from attrition, the loss of participants to follow up.

Unfortunately, attrition is not random: in a follow-up of infants born

preterm, for example, loss to follow-up was more likely if the mother was

less well educated, and if the child was seriously developmentally delayed

or disabled (Wolke et al., 1995). Fourthly, when children are tested it is

very desirable that the testers of the children should not be a party to

information concerning their birth history. This is commonly referred to

as the requirement that the testing should be blind; it avoids bias resulting

from expectations on the part of the tester based on the child’s history.

4.2 The development of children born too small

In developing countries the major determinants of intra-uterine growth

retardation include poor maternal nutrition during pregnancy, as mea-

sured either by weight gain during pregnancy or by measured energy
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intake during pregnancy, and a low maternal weight before pregnancy

(Kramer, 1987). Conversely, birthweight can be increased by nutritional

supplementation of the mother. Although the effect is not large in most

populations (Kramer, 1993), it is in circumstances in which women are

obviously malnourished (Rasmussen, 2001), for example in Gambian

women during the ‘hungry’ season (Ceesay et al., 1997). This evidence

for effects of poor nutrition during pregnancy on birthweight is one

reason for believing that children born small for gestational age may be

affected by malnutrition before birth. But there are, of course, other

causes of a low birthweight in infants born at term. In developed countries

its most important cause is cigarette smoking. Poor nutrition during

pregnancy and a low maternal weight before pregnancy are also impor-

tant; other causes include primiparity, preeclampsia and alcohol and drug

use during pregnancy (Kramer et al., 1999). Some of these, however, can

also interfere with the nutrition of the infant during pregnancy by inter-

fering with nutrient flows from the mother to the fetus (Warshaw, 1985).

Recent evidence also suggests that maternal depression is an independent

predictor of low birthweight (Patel & Prince, 2006), so in some circum-

stances psychological sequelae of low birthweight might be related to

depression in the child’s mother.

The later development of children born small for their gestational age

has attracted a great deal of interest in recent years, partly as a result of

epidemiological interest in the fetal origins of adult disease (Barker,

1992). Children born small for gestational age are more likely to be

short as adults (Karlberg & Albertsson-Wikland, 1995), and their phys-

ical health as adults is also adversely affected. They are more likely to

develop ‘syndrome X’ (Barker et al., 1993), and to die of ischaemic heart

disease (Barker et al., 1989). Syndrome X is a combination of Type 2

diabetes, hyperlipidaemia and hypertension, and is now more often

known as the metabolic syndrome. The associations are strong; the

proportion of men with syndrome X in studies in separate samples in

Hertfordshire and Preston was over ten times as high in the adults in the

lightest compared with the heaviest birthweight category, and was inde-

pendent of the duration of gestation, and of the body mass index, smok-

ing and drinking habits and the social class of the men when adult. Our

concern here is principally with the possibility that low birthweight might

be related to psychological development, but it is important to keep the

wider health effects of low birthweight in mind, since these could provide

a mechanism by which birthweight could affect psychological develop-

ment indirectly, at any rate in later life.

Being born preterm and being born small for gestational age are both

relatively more common in developing countries. According to Villar and
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Belizan (1982) preterm births are about twice as common, but being born

SGA is six to seven times as common. This much higher incidence of

SGA births in developing countries has meant that they have provided the

setting for some of the most important research in this area. An example is

the study of Grantham-McGregor et al. (1998) in Northeast Brazil. In

this study a group of infants with birthweights of 1500–2499 g and born at

term were recruited, along with control infants with birthweights of

3000–3499 g. They were assessed at six and twelve months using the

Bayley Scales of Infant Development, and development was clearly

delayed in the children in the SGA group. At six months there was a

difference of about 4 points in the MDI, which increased to 7 points at 12

months. There was a difference of 7 points in the PDI, which increased to

nearly 10 points at 12 months. Efforts were made to control for the social

and economic characteristics of the infants’ homes and for the literacy of

the parents. An interesting feature of the results was that the child’s

birthweight interacted with other variables that were related to the child’s

developmental scores. The literacy of the mothers, for example, was

related to the development of the low birthweight infants but not to that

of the controls.

Because birthweights are routinely recorded in child health records

there has also been considerable scope in Western countries for examin-

ing the relationship between birthweight and later development in large

samples of children in which psychological assessments have been carried

out later in life, in the course of educational testing or at conscription into

the armed forces. In studies of this kind the relationship between birth-

weight and later intellectual ability or educational attainment has gener-

ally been examined across the whole range of birthweights, rather than in

a comparison of low birthweight infants and controls. This is a valuable

approach, since there is an arbitrary element in the definition of a low

birthweight. The usual cut-off for low birthweight is related to the risk of

mortality in infants, but the range of birthweights associated with a higher

risk of death may not correspond to the range of birthweights associated

with poorer intellectual outcomes. If information is available on the out-

comes associated with the whole range of birthweights the appropriate-

ness of the traditional definition can be examined. In fact the evidence

strongly suggests that there is no disadvantage specifically associated with

a low birthweight (say, a birthweight below the traditional cut-off of

2500 g) but rather a general relationship between birthweight and later

development across the whole range of birthweights.

The first major study of this general relationship between birthweight

and later psychological outcomes was reported by Record, McKeown

and Edwards (1969). This study was based on records for all infants born

74 The Nutritional Psychology of Childhood



alive in Birmingham over a period of about five years from 1950, nearly

87,000 children in all. Data on birthweight and the duration of gestation

were available for just over 40,000, and a verbal reasoning score for just

over 50,000. This is an IQ related score with a mean of 100 and a stand-

ard deviation of 15, and it was used in the eleven plus examination in

placing children into what were deemed to be appropriate schools. In

infants born at 40 weeks of gestation or later, verbal reasoning scores

increased steadily from those born below 2.5 kg to those born at 4.5 kg or

over: the difference over this range was about 10 points. Other variables

that were also related to the verbal reasoning scores were sex, the duration

of gestation and the number of previous siblings born to the mother.

Control for these was principally by graphical examination. There was no

control for other variables, apart from length of gestation, but a small

difference in favour of the heavier child at birth was found when siblings

were compared within families, a comparison which controls for many

family-related variables.

In a second large study the relationships between birthweight and an

actual measure of educational attainment were examined. Goldstein and

Peckham (1976) analysed data from the National Child Development

Study, a longitudinal study conducted in the UK by the National

Children’s Bureau, which followed up children from 17,000 births in

one week in March 1958. They examined scores on a reading compre-

hension test when the children were 11 years of age. As mentioned above,

Goldstein and Peckham classified the children both by their birthweight,

in bands of 500 g, and by their gestational age at birth, in weeks. The

relationships between these and the child’s reading comprehension were

very clear: reading improved with every 500 g birthweight band, over the

whole birthweight range, and with every week of gestational age from 34

to 41 (infants born after 42 weeks or postterm did less well). There was no

interaction between the two variables, i.e. the differences between birth-

weight bands was the same for each gestational age at birth and the

differences between gestational age at birth the same for each birthweight

band. A substantial proportion of the difference between the very early

preterm and the term infants (about a half) was eliminated when birth-

weight was controlled for. The relationships were not eliminated by

controlling for social class, family composition or the age of the child’s

mother. Jefferis, Power and Hertzman (2002) used data on the same

children and found graded effects of birthweight in relation to all child-

hood cognitive and educational tests, including tests of mathematics and

reading and of verbal and non-verbal ability. It was striking how little the

associations found were influenced by the quite extensive control for

covariates used in the study: for example, controlling for gestational
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age, maternal age, parity, breast-feeding, social class at birth and parental

education did not reduce at all the association between mathematics

scores at age 7 and birthweight in girls, and reduced it only slightly

in boys. The differences with different birthweights were stable over

childhood, and were still present on tests conducted at 16 years of age,

and similar differences were found in respect of adult educational

qualifications.

A major recent study of the relationship between cognitive ability in

adults and birthweight was published by Sørenson et al. (1997). Nearly all

Danish men have to register with the draft board and are given a physical

and mental examination. The main exceptions are men with chronic

illnesses. The mental examination involved a test developed for the

purpose, the Boerge Prien test; scores on this test correlate highly (.82)

with IQ scores on the Wechsler Adult Intelligence Scale (WAIS). Danish

citizens are given a personal number at birth, which allowed the cognitive

scores to be linked accurately to birth registration data, collected by

midwives attending the birth. (Making links of this kind is much more

difficult in England and Wales.) The linkage allowed examination of the

relationship between birthweight and adult cognitive abilities, which were

systematically related to birthweight, with higher birthweights associated

with higher cognitive scores (Figure 4.1). Again the effect was not

restricted to infants of low birthweight using conventional criteria. It

extended over the whole range of birthweight up to 4.2 kg. The analysis

controlled for gestational age, length at birth, the mother’s age, parity and

employment status, and whether they were married or unmarried. There

was no additional control of social factors, though social class is much

more homogeneous in Denmark than in the UK. There was also no

control for smoking (or drinking) during pregnancy or for the IQ of the

parents.

Another recent study of the same relationship has been reported by

Shenkin et al. (2001). This study used birth records kept in Edinburgh for

children born in 1921, a cohort whose intellectual abilities were assessed

using the Moray House Test when they were 11 years old in 1932.

Shenkin et al. matched the birth records and the Moray House Test

records successfully for just under half the children. Birthweight was

significantly associated with the test scores over the whole range. The

test scores were also associated with social class, as one would expect, but

the two effects were independent; the effect of birthweight was not

attributable to a confounding with social class, nor was the effect of social

class attributable to social class differences in birthweight. Shenkin et al.

(2004) subsequently systematically reviewed studies on this relationship.

The six studies that met their inclusion criteria each independently
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showed a significant relationship between higher birthweight and higher

cognitive abilities. The relationship is found across the whole range

of birthweights, except possibly at the very highest (Shenkin, Starr &

Deary, 2004). The difference between the highest and lowest birthweight

category was about 10 IQ points, though this was somewhat reduced

when adjusted for covariates. This quite substantial body of evidence

therefore suggests that effects on intellectual ability associated with being

born SGA reflect a more general association between birthweight and

Figure 4.1 Cognitive ability in children of different birthweights
(Sørenson et al., 1997). The scores come from the Boerge Prien test.
The sample size was 4300. Reprinted from British Medical Journal, 315,
401–13 and reproduced with permission from the BMJ Publishing
Group.
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intellectual development, rather than being a specific effect associated

with particularly poor intra-uterine growth. It is possible we are still

dealing with a nutritional effect. It may be important for optimal intellec-

tual development to provide the very best nutrition before birth rather

than simply to avoid the worst. But there are other possibilities. It is

always difficult to control completely for other confounding variables.

In none of these studies, for example, was the IQ of the mother or father

taken into account – for very good reasons, since data on adult IQ are not

usually available, and would be prohibitively expensive to collect in

studies on the scale of many of these.

A different way of controlling for such variables is to compare children

within families, as Record et al. did in their initial study (Record,

McKeown & Edwards, 1969). This controls for a substantial number of

variables that are common to all children within a family even though they

cannot be measured or even identified. A later study of this kind was

reported by Strauss and Dietz (1998). This was based on data from the

American ‘National Collaborative Perinatal Project’, a major study

examining the relationship between perinatal risk factors and later growth

and development in a cohort of 55,760 children. Using only data from

children born at term, Strauss and Dietz made two comparisons. The first

was between children born after IUGR (identified in this study simply by

birthweight of 2500 g or less) and the remaining children in the cohort.

The mean IQ at 7 years of age of children born after IUGR was 6.2 points

lower than that of the remaining children in the population. The compari-

son was based on large numbers and the difference was highly significant

statistically. There were, however, many other differences between the

groups. The infants born IUGR were more likely to be female, which

reflects the use of a criterion for low birthweight (�2500 g) that does not

take the sex of the infant into account. They were also more likely to be

firstborn and to have Apgar scores �6, reflecting a less satisfactory

physical state at birth. The mothers of the IUGR children were signifi-

cantly shorter; significantly more likely to have especially low incomes

and to have suffered from hypertension or toxaemia of pregnancy; and

less likely to be white. Any of these might be associated with a slightly

lower IQ in the child. An additional comparison was therefore made

between same-sex sibling pairs, in which one sibling was born after

IUGR and the other was not. This eliminated most of the other differ-

ences between the pairs, and almost entirely eliminated the differences in

IQ, which was reduced to 1.3 points and was not statistically significant.

This comparison was based on 154 pairs. Although this suggests that

intra-uterine growth retardation per se is not associated with a lower

subsequent IQ, there are two points to note. Firstly, the sibling control
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children themselves were born substantially lighter than the control child-

ren in the population as a whole (by 300 g). Secondly, in the group born

too small children with a head circumference 3 cm or more smaller than

their sibling controls had significantly lower IQs (the difference was 6 IQ

points). A more recent study has re-examined this question using the same

data set but with further controls (Matte et al., 2001). This re-examination

was based on over 3000 children. Only singleton infants born at term

(�37 weeks) and with weights between 1500 g and 3999 g were included

in the sample. IQ was assessed at 7 using the Wechsler Intelligence

Scale for Children (WISC). Adjusted for ethnicity, mother’s education,

mother’s age, a family socio-economic index and for birth order there was

a systematic relationship between birthweight and IQ. The average differ-

ence was 4.6 IQ points per kg birthweight in boys, and 2.8 IQ points in

girls. The study also examined differences between same sex sibling pairs

within the same family. Within sibling pairs, the average difference per kg

difference in birthweight was 5 IQ points in boys and 1 IQ point in girls.

The difference was not statistically significant in the girls, but it was in

the boys.

Even better control is possible if a comparison is made between mono-

zygotic twins, who develop from a single fertilised ovum. They are less

appropriately known as ‘identical’ twins, but there are many ways in which

monozygotic twins are not identical (Gringras & Chen, 2001). One is that

their birthweights can differ substantially, and if they do the heavier twin

tends to have a higher IQ: the mean advantage for 73 pairs in three studies

reported by James (1982) was 3.3 IQ points. Lynn (1990) has collated

data from additional studies showing comparable effects. Even a study of

Boomsma et al. (2001), which was reported as a negative result, showed a

significant IQ advantage for the heavier of monozygotic twins at 5 years,

though the difference was absent at later ages. Although there are other

possibilities, the IQ advantage to the heavier twin of a monozygotic pair

may also reflect a prenatal nutritional advantage, resulting from a more

efficient placental supply of nutrients to the heavier twin.

While most of the data from these studies is at least consistent with an

adverse prenatal effect of poor nutrition on intellectual development,

evidence from an important study of the effects of the 1944–5 Dutch

famine is not, or at least appears not to be. Details of the study, as

summarised here, are given in Stein et al. (1972). The Dutch famine

resulted from a transport embargo on Western Holland instituted by the

occupying Nazis in 1944, as a reprisal for a strike of Dutch railway work-

ers timed to coincide with an attempt by British paratroops to bridge the

Rhine at Arnhem. The canals also froze in the winter, transport by barge

was prevented, and food became very scarce in the large cities. The
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famine lasted about six months. At its worst, official food rations allowed

only 450 calories (less than 2 MJ) per day. The death rates increased, with

many deaths attributed to starvation; clinical reports during the famine

and surveys immediately after liberation confirmed its severity. Later

epidemiological examination of the effects of the famine was carried out

by comparing cohorts of children born in cities in Western Holland

before, during and after the famine, with cohorts of children born in

control cities in the south, east and north over the same time period. At

military induction at 18 years of age virtually all the men in these cohorts

were examined medically, and assessed psychologically using the Dutch

version of the Raven Progressive Matrices. Of the males who survived and

still lived in the Netherlands 98% were included in the study. This gave

very large numbers; data were available on more than 100,000. There

was, however, no detectable reduction in Raven scores in the cohorts

conceived or born during the famine. This is surprising, if malnutrition

before birth does affect intellectual performance. One problem in the

study considered by the authors is that more impaired fetuses may have

died as a result of their mother’s malnutrition, leaving only the less

impaired to survive. Another is that birthweights were not available for

individual men in the study. The data shown on birthweight (in their

Figure 2) compare data from maternity hospitals in a famine and a

control city (Rotterdam and Heerlen respectively). These figures suggest

a decrease in birthweight of only about 300 g when it was at its lowest at

the end of the famine period, presumably because the fetus was nutri-

tionally protected in mothers with reasonably good nutritional status at

the start of the famine. In addition, IQ was used grouped into six levels

(1–6) with the mean level rather than the mean score used as the outcome

variable. This is a course grouping, with about 20% of the population in

each of bands 1, 2 and 3, for example, which would reduce the power of

the study and may have made the detection of relatively small effects

difficult.

Although birthweight has the great advantage of being a measure that is

easy to make and is widely recorded as a part of routine clinical care, it

provides only a summary of weight gain before birth, with no information

on the time in pregnancy when weight gain was below average. Much

more fine-grained information can be obtained using repeated ultrasound

measurements during pregnancy, though obviously these are not avail-

able in large-scale studies of the kind described above. An example of

what can be done can be found in the study of Harvey et al. (1982). The

children studied had birthweights below the 10th percentile for gesta-

tional age after allowing for maternal height and weight and for the

baby’s sex (Tanner & Thompson, 1970). The growth of the infants was
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monitored prenatally using ultrasound, which allowed serial measure-

ment of the width of the skull (biparietal diameter), a measure related to

head circumference. Figure 4.2 shows examples of a child with intra-

uterine growth retardation from early in pregnancy (top) and a child who

grew normally early in pregnancy, with growth retardation from week 34

(bottom). The children whose growth retardation began before the 26th

week of pregnancy, 10 in number, had a mean birthweight of 1.80 kg. The

children with later developing growth retardation, 41 in number, had a

mean birthweight of 2.40 kg. The children were compared with control

children with birthweights above the 10th percentile (mean 3.36 kg). The

control children were matched individually on sex, social class, birth

order and birth date. The children were tested at about 5 years of age

by testers who did not know the obstetric history of the children, using the

McCarthy Scales of Children’s Abilities, an IQ-like test used in young

children. The group of 10 with growth retardation before 26 weeks had

significantly poorer abilities than their controls (the difference was 9.1

points). There was no significant difference between the children with

later growth retardation and their controls.

Having considered the different source of evidence available, what

conclusions can we draw concerning prenatal malnutrition and later

cognitive development or educational attainment? Apart from the

Dutch famine study, the evidence that birthweight is associated with

later development is reasonably, though not completely, consistent.

There is, however, good evidence that it is not only at the lower end of

the birthweight range that the association is found; ability later in life

increases with birthweight even at higher birthweights. This is not, per-

haps, what one would expect if this is a nutritional effect, though it does

not rule one out – it may be that for prenatal nutrition to be optimal for

intellectual development it has to be better than average, rather than just

average. A very large Swedish study has shown that infants born small for

gestational age are virtually unaffected if their growth after birth is good,

which suggests that good nutrition after birth can compensate for being

born too small (Lundgren et al., 2001).

There is now some evidence emerging that birthweight is also associ-

ated with a number of other aspects of later psychological functioning.

For example, low birthweight is associated with psychological distress in

adult life (Cheung et al., 2002). This study was based on data from the

National Child Development Study, in which 17,000 people born in one

week in March 1958 were followed up into adult life. At 23, 33 and 42

years of age scores were obtained for the Malaise Inventory, which has

scales of psychological and of somatic symptoms. Lower birthweight

was associated with psychological distress but not with somatic
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Figure 4.2 Fetal head growth in infants born small for gestational age
(Harvey et al., 1982). Group X (example above) grew slowly from early
in pregnancy; group Y (example below) grew slowly only from late in
pregnancy. Reproduced with permission from Pediatrics, 69, 296–300.
Copyright # 1982 by the American Academy of Pediatrics.
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symptoms. It is also associated with depression late in life (Thompson

et al., 2001). One possible explanation is that this is an effect of the lower

IQ associated with a lower birthweight, since some studies show that the

risk of depression and of suicide is higher in men with lower intellectual

abilities (Gunnell, Magnusson & Rasmussen, 2005; Van Os et al., 1997).

Another possible explanation is that men with lower birthweights are less

likely to marry (Phillips et al., 2001; Vågerö & Modin, 2002). Another is

that the depression is associated with illness. As noted above, children

born small for gestational age are more likely to develop diabetes and

heart disease later in life. These are themselves associated with depressive

symptoms in older adults, as shown in a large longitudinal study of a

nationally representative sample of Americans (Schnittker, 2005).

Evidence from the Dutch Famine Study has also been brought to bear

in this area (Brown et al., 1995; Brown et al., 2000), in this case support-

ing the possibility that we are dealing with an effect of prenatal malnu-

trition. Brown et al. examined hospitalisation rates for major affective

disorders in birth cohorts of children who were or were not exposed to the

famine, and found good evidence that hospitalisation rates were signifi-

cantly higher in those who were. This is consistent with a direct prenatal

effect of malnutrition on the infant, though the authors raise the alter-

native possibility that maternal stress resulting from the famine might

have mediated the effect via effects of stress on the unborn child. There is

growing evidence for prenatal effects of stress of this kind.

4.3 The development of children born too soon

The early care, health and survival of infants born preterm depends on

how early they are born, and is improving all the time. Infants born just a

few weeks early can breathe for themselves and usually need only normal

care. Infants born very early (say before 28 weeks of gestation) are more

likely to survive than not, but generally need special care. Those born at

25 weeks of gestation, who would not have been considered viable 20

years ago, now have a 10–40% survival rate. The mothers of preterm

infants differ statistically from those of term infants in many ways, includ-

ing maternal age, parity, ethnicity and social class, and they are more

likely to smoke and to be obese (Gardosi, 2005).

An example of a study examining cognitive skills in preterm infants is

reported by Rose and Feldman (2000); 63 preterm and 46 full-term

infants were compared in a longitudinal study that lasted until they

were 11 years old. The families were similar in other respects. Nearly

60% were unskilled or semi-skilled, and the mothers were comparable in

age, ethnicity and educational attainments. The preterm children were all
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born below 1500 g, with an average gestational age of about 31 weeks.

Compared using the Bayley Scales at 7 months, 1, 1.5 and 2 years, scores

were about 10 points lower in the preterm group at each age. Compared

using IQ tests at 3, 4, 5, 6 and 11 years of age, scores were again about

10 points lower in the preterm group at each age. In this study, a number

of more specifically focussed tasks were also used both in infancy and in

childhood. In infancy a test of visual recognition memory was used at

7 months, and tests of visual and tactile recognition memory, cross-modal

transfer and object permanence at 12 months. At 11 years, picture

recognition, name-face association tasks and learning and memory tasks

were used. These allowed composite measures of processing speed and

memory to be derived – two of the key types of ability that underlie

successful performance on intelligence tests. The children born preterm

were significantly poorer on all the infancy tasks except cross-modal

transfer, and on all the childhood memory tasks. The composite speed

and memory measures accounted for most of the difference between the

groups in IQ, verbal ability and spatial ability, suggesting that it might have

been these that were most fundamentally affected. A recent meta-analysis

of psychological sequelae at school age of a preterm birth, restricted to

controlled studies with a loss to follow up of less than 30% (Bhutta et al.,

2002), summarised results from 15 studies of cognitive outcomes. On

average, the children born preterm scored 10.9 IQ points lower than

their controls. Most of the studies that were summarised excluded children

with major neurological disabilities; if the two that did not were omitted

from the overall estimate, the deficit was only slightly reduced to 10.2 IQ

points. Attention-deficit hyperactivity disorder (ADHD) was also substan-

tially more common in the children born preterm. These differences came

from studies in which cases were matched to controls on at least one

demographic feature, though the children were not necessarily tested

blind. Preterm births are also associated with motor disabilities, including

cerebral palsy, the prevalence of which is 10–18% among children born

before 26 weeks (Bracewell & Marlow, 2002).

There are many possible ways in which cognitive abilities later in life

might be related to a preterm birth. They might be associated with the

characteristics of mothers who deliver preterm, rather than with the

preterm birth itself – for example, with their education or social class.

Perinatal brain injury is also quite common in infants born preterm

(Reynolds, 1996). The injury can be due to bleeding within the brain

(cerebral haemorrhage) or to an inadequate oxygen supply to the brain

(hypoxia-ischaemia). They might be associated with the intra-uterine

growth retardation that is an important risk factor for a preterm birth.

In the group of preterm infants studied by Rose and Feldman (2000), for
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example, 44% were also born small for gestational age. And, in addition,

it is difficult to ensure optimal feeding of preterm infants after birth. They

are born at a time of very rapid growth at a developmental stage at which

they are not adapted to oral feeding, and even when they have passed the

age at which infants are normally born motor disabilities associated with a

preterm birth can make feeding difficult. So there is a distinct possibility

that infants born preterm might also suffer from less than optimal nutri-

tion, both before and after birth, which might also adversely affect their

intellectual development.

Effects of early nutritional interventions on the cognitive development of

infants born preterm have been investigated in a number of studies. Lucas

et al. (1989), for example, studied infants lighter than 1850 g at birth and

born about 7 weeks preterm in three neonatal units in Cambridge, Ipswich

and King’s Lynn. The study was a large one, with 502 infants randomly

allocated to two groups and 400 examined developmentally at 9 months.

One group was given banked breast milk and the other a preterm formula,

in each case either as their sole food or as a supplement to breast milk

provided by the mother. At 9 months of age the infants were assessed using

a developmental screening inventory for infants (Knobloch, Pasamanick &

Sherard, 1966) based on the Gesell developmental schedules. Overall, the

developmental scores were significantly higher in the group given the

preterm formula (mean score 100.4 compared with 97.9). The difference

was apparent in most of the subareas tested (adaptive behaviour, gross

motor skills, language and personal-social skills).

In a second study, infants born lighter than 1850 g and about 7 weeks

preterm and admitted to Special Care Baby Units in Norwich and

Sheffield were randomly allocated to standard term or a special preterm

formula, again either as their sole food or as a supplement to milk

provided by the mother (Lucas et al., 1990). Compared with the standard

term formula, the special preterm formula contained higher levels of

protein and more energy and was enriched with minerals and vitamins,

carnitine and taurine. Initially 424 infants were enrolled; 334 of the 377

survivors were followed up to 18 months, when the infants were tested

using the Bayley Scales. A statistically significant difference was found on

the motor scale (PDI) in favour of the group provided with the special

preterm formula (the difference was 6.1 points). A much smaller and

non-significant difference (1.7 points) was found on the mental scale

(MDI). For reasons given in Chapter 1 a difference of this kind found

using developmental tests in infancy does not necessarily imply an

adverse long-term effect, and these infants were also studied when they

were 7–8 years old (Lucas, Morley & Cole, 1998). At that age, a simple

comparison between the groups did not show significant differences in IQ
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between the groups; the means were 100.0 and 101.4 respectively in the

groups fed standard formula and the special preterm formula. Nor were

there significant differences when comparisons were restricted to verbal

or performance scales, or to the infants receiving the highest intakes of the

trial diets. There was some evidence for effects of diet in the boys in the

study, particularly effects on verbal IQ in boys with the highest intakes.

Some caution, however, is needed in interpreting effects found in com-

parisons that are restricted to particular subgroups. In a further develop-

ment of this research two different supplements were added to human

milk fed to infants born preterm, a control supplement and a ‘fortifier’

(Lucas et al., 1996). The control supplement contained phosphorus,

sodium, potassium and a range of vitamins. The fortifier contained addi-

tional protein, fat, carbohydrate, phosphorus, calcium and magnesium.

These two supplements were allocated at random to 275 preterm infants

who were tested developmentally at 9 months (using Knobloch’s devel-

opmental inventory) and at 18 months (using the Bayley Scales). In this

study there were no significant differences in developmental scores at

either 9 or 18 months; nor did significant differences emerge from exami-

nation of particular subgroups.

These studies provide some evidence for effects in infancy of the early

postnatal diet in infants born preterm. The overall effects are not large.

They may be larger in some subgroups, however, and it is important to

note that the differences in diets were restricted to quite small periods

(about a month) and for many of the infants they involved only a part of

the diet. The evidence that there are enduring effects in not very strong at

the moment; it is stronger for boys than girls. Nor is the mechanism of the

effect clear. The term and preterm formulas used differed in many con-

stituents, including protein, energy, fat, minerals and vitamins. The

infants taking the preterm formula in the study of Lucas et al. (1989)

grew faster (Lucas et al., 1986) and so were discharged home earlier,

which might have affected their development in other ways. It is also

possible that better earlier growth might have facilitated later feeding and

so improved later nutrition.

Feeding is a complex process involving the coordination of sucking,

swallowing and breathing. In infants sucking is possible from about 24

weeks of gestational age, but it is not then fully coordinated with swallow-

ing and breathing, so infants born preterm are often initially fed parent-

erally or by intragastric tube, and subsequently switched to feeding by

mouth. Traditionally this switch has been made at 33 or 34 weeks, but

there is some evidence that full oral feeding is possible earlier than this.

Casaer et al. (1982) followed the feeding behaviour of 100 bottle-fed

preterm infants born at 25 to 37 weeks of gestation age, and weighing
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from 780 g to 1990 g, evaluating feeding efficiency principally by record-

ing the rate of milk intake (in ml per minute). Feeding efficiency increased

progressively with gestational age, and also with the duration of feeding

experience. Simpson, Schanler and Lau (2002) showed that early intro-

duction of oral feeding (from about 30 weeks gestational age) was asso-

ciated with earlier progression to full oral feeding, which was attained by

32 or 33 weeks in over half the infants. It has sometimes been assumed

that for a preterm infant bottle-feeding must be easier, and perhaps safer,

than breast-feeding, but there is no real evidence to support this (McCoy

et al., 1988). Meier compared the two types of feeding in a group of five

preterm infants who were fed both from the breast and from the bottle,

and found evidence that breathing was less disrupted during breast-

feeding (Meier, 1988). A subsequent study using a similar design showed

a lower average oxygen saturation during bottle-feeds, and a significantly

lower saturation in the infants with lung problems, which again suggests

that breathing is less disrupted by breast than by bottle-feeding. The

infants in this study took significantly less milk during breast-feeds than

bottle-feeds. Some advantages have also been demonstrated in allowing

infants who are fed by tube to suck non-nutritively on dummies. There is

evidence that this reduces the time until the infant can switch to oral

feeding, and reduces the time in hospital, although there is no clear

evidence that it improves weight gain (Pinelli & Symington, 2005).

In the study of Casaer et al. (1982) feeding scores recorded in the first

week of feeding in infants born preterm were significantly associated with

developmental assessment made using the Bayley Scales at 7 months of

corrected age, and poorer feeding soon after birth in these infants is also

associated with later feeding problems (Hawdon et al., 2000). A group of 35

infants provided with neonatal intensive care over a three-month period, of

whom 28 were born preterm, were assessed at around 36 weeks gestational

age using the Neonatal Oral Motor Assessment Scale (NOMAS), which

differentiates between normal, immature and aberrant feeding patterns in

infancy. The 14 infants with abnormal feeding patterns at 36 weeks were

born earlier (more preterm) and were fed by tube for longer. They were

more likely to cough when fed at 6 and 12 months, were more likely to be

unable to take lumps at 12 months and their parents were more concerned

and less likely to enjoy feeding them. In another study persistant feeding

problems over the first 15 months were three to four times as common in

infants born preterm (Motion, Northstone, Emond & the ALSPAC study

team, 2001), and even after they have passed their normal time of delivery,

the growth of infants born preterm is generally slower than that of infants

born at term (Casey et al., 1991). We shall consider some of these later

problems in Chapters 6 and 7.
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5 Nutritional deficiencies

5.1 Iron deficiency

There are potentially many types of nutritional deficiency, because food

contains many different nutrients. Golden (1995) classifies them into

two types. Type 1 nutrients are needed for specific metabolic functions,

and deficiencies in these nutrients lead to specific clinical signs that

are characteristic of deficiency diseases, such as beri-beri (a result of

vitamin B1 or thiamine deficiency), scurvy (vitamin C or ascorbic acid

deficiency), xerophthalmia (vitamin A or retinol deficiency). There are

body stores of most of the nutrients in this class. When consumption of

the nutrients is inadequate, growth continues but the body stores of the

nutrient are used up, leading to the specific clinical signs. These deficien-

cies can be measured biochemically (for example, by measuring thyroxine

in iodine deficiency disorders). Type 2 nutrients, on the other hand, are

needed for metabolism in general in all the tissues and organs of the body.

These include the components of protein, but also, for example, zinc,

potassium, sodium and magnesium. There are no body stores of most of

these nutrients except the normal tissues of the body. So rather than

leading to specific nutritional deficiencies with specific clinical signs, an

inadequate intake of any of these nutrients leads to a generalised growth

failure. There are no specific biochemical tests for these deficiencies.

They are normally detected by the associated growth failure, measured

anthropometrically.

Iron is a Type 1 nutrient, and iron is of key importance physiologically

as it is essential for the production of haemoglobin, which transports

oxygen from the lungs to the other tissues of the body. Two thirds or

more of the iron in the body is functional (i.e. is a component of haemo-

globin, myoglobin in muscle cells or of enzymes). But there is also a store

of iron, held in reserve, mainly in the liver, in the form of ferritin and

haemosiderin. Iron is transferred between cells bound to a protein, trans-

ferrin. Some relevant aspects of the physiology of iron in infancy are

summarised by Pearson (1990). Infants are born with about 75 mg of
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iron per kg body weight, about three-quarters of which is contained in

haemoglobin in circulating red blood cells. The relatively low partial

pressure of oxygen in the arterial blood of infants before birth leads to the

production of red cells, so at the end of the pregnancy infants have large

numbers of them. At birth there is a rapid rise in arterial oxygen, and red

cell synthesis stops. Over the next two months haemoglobin levels fall from

an average of 16.5 g/dl to an average of 11.0 g/dl, in what is termed the

physiological anaemia of infancy, and iron released from the haemoglobin is

stored elsewhere in the body, leading to an increase in serum ferritin levels.

From about 2 months of age, the synthesis of red cells starts again, and iron

moves back out of the iron stores into the newly synthesised haemoglobin.

The iron stores last until the infant is about 6 months old, when require-

ments for further iron must be met from dietary sources. Because infants

are growing very rapidly iron requirements are high. Nearly a milligram of

iron a day is needed over the second half of the first year.

Human breast milk contains 0.2–0.4 mg/l of iron (Pearson, 1990).

Only half of this iron is absorbed, and few infants will take in as much

as a litre of breast milk a day. So infants are at risk of iron deficiency from

about 6 months of age unless their iron requirements are met from other

sources. Unfortified cows’ milk has about the same iron content as

human milk, but the iron is less well absorbed, and the consumption of

cows’ milk can lead to blood loss from the gut. Loss of blood from the gut

can also result from parasitic infestations, especially with hookworm,

though this is more of a problem in older children (Stoltzfus et al.,

2001; Watkins and Pollitt, 1997). The absorption of iron in other foods is

relatively good if it comes from animal sources (haem iron), but its

absorption from most plant sources is poor, though it is enhanced by

the simultaneous consumption of ascorbic acid (vitamin C). The second

half of the first year is therefore a period over which infants are parti-

cularly at risk of iron deficiency.

Iron deficiency leads firstly to a reduction in iron stores, then to an

impairment of haemoglobin synthesis and falling haemoglobin levels.

When the haemoglobin levels fall below a threshold, iron deficiency anae-

mia is diagnosed. The threshold is defined statistically, in general terms as

a value more than two standard deviations below its average value in a

healthy population of children of the same age and sex (Yip, 1990), and is

different in different age groups. Values for the threshold recommended

by the World Health Organisation and others are 110 g/l in children 6–59

months old; 115 g/l from 5 to 11 years; and 120 g/l from 12 to 14 years

(ACC/SCN, 2000). In a slightly different approach, used for example by

Walter et al. (1989), the response to a therapeutic trial of iron supple-

mentation can be used as a criterion for iron deficiency anaemia, on the
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assumption that if a child’s haemoglobin levels increase as a result of iron

supplementation iron deficiency must have contributed to their initial low

levels. Iron deficiency can be found without anaemia, i.e. without any

associated impairment of haemoglobin synthesis or haemoglobin levels.

Iron deficiency without anaemia would arise if iron intake was low,

leading to a reduction of iron stores, but not sufficiently low to have

affected haemoglobin production. Biochemical indicators of such iron

deficiency include a decreased ferritin level, decreased transferrin satu-

ration, raised erythrocyte protoporphyrin and a decreased mean red cell

volume. Because iron is used in the central nervous system as well as in

red blood cells (Pollitt, 1993), adverse psychological effects could in

theory be found in iron deficiency without anaemia. And anaemia can

also be found without iron deficiency, as a consequence of a range of

disorders affecting red blood cells which may result either in a reduced

number of cells or in a reduction of their haemoglobin content, in both

cases reducing the oxygen carrying capacity of the blood. An example of

anaemia without iron deficiency is found in the genetic abnormalities of

red blood cells found in sickle cell disease. In theory, anaemia without

iron deficiency could also affect a child’s psychological development.

The world–wide epidemiology of anaemia has been reviewed by De

Maeyer and Adiels-Tegman (1985). The estimated prevalence of anae-

mia in children, based on a large number of local surveys, was 49% up to 5

years and 36% from 6 to 12 years. In less-developed regions of the world

the corresponding figures were 51% and 38% respectively; in more

developed regions they were 10% and 12%. The commonest causes of

iron deficiency in infancy and early childhood are a poor dietary intake of

iron, and loss of blood from the gastrointestinal tract as a result of cows’

milk intolerance or gut parasites. In the United States, surveys of large

nationally representative samples are conducted by the National Center

for Health Statistics Center for Disease Control and Prevention (CDC) in

order to assess the health and nutritional status of the American popula-

tion. The second and third National Health and Nutrition Examination

Survey (NHANES II and NHANES III) provide very good data on the

prevalence of anaemia in the USA (Looker et al., 1997; Yip, 1990). In

NHANES III (carried out 1988–94) in addition to the WHO criteria for

anaemia, three indicators of iron deficiency were also examined, trans-

ferrin saturation, serum ferritin and erythrocyte protoporphyrin, and to

be counted as iron deficient a child had to have abnormal levels in at least

two (Looker et al., 1997). By this criterion 9% of children under 2 were

iron deficient, and 3% were anaemic. Among 3–11-year-old children 2–3%

were iron deficient, and less than 1% anaemic. There is considerable

evidence for a progressive reduction in iron deficiency and anaemia
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in young children in the USA from the early 1970s, as a result of increased

breast-feeding, delaying the introduction of cows’ milk, the fortification

of infant formulas and cereals with iron, and the Special Supplemental

Food Program for Women, Infants and Children (WIC).

In the UK, a study by Emond et al. (1996) examined the epidemiology

of iron deficiency in 8-month-old infants. This study was based on a

sample who were part of the Avon Longitudinal Study of Pregnancy

and Childhood (ALSPAC), which aimed to enrol all children born in

the Bristol and District Health Authority area between 1 April 1991 and

31 December 1992. It successfully enrolled 14,185 infants (over 80% of

those born) from which a random sample of 1560 were selected from

those born in the previous six months. A heal prick blood sample was

taken and haemoglobin and ferritin were measured in the blood. A strik-

ing result was that using the WHO recommended criterion for anaemia (a

haemoglobin level less than 110 g/l) 23% of the surveyed children were

classified as anaemic. Almost equally striking was the complete lack of

association between haemoglobin levels in the children and the educa-

tional attainments of the mother. It is easy to assume that nutritional

problems will be especially widespread in poorer or less-well-educated

families. The assumption is often true, but not always.

5.2 The development of iron deficient children

The studies cited above show that even now and even in industrialised

countries iron deficiency is remarkably common in infants, and there is

evidence from a large number of studies that children with iron deficiency

anaemia in the first two years are developmentally delayed when com-

pared with control children (Pollitt, 1993). An example is the study of

Walter (1989). This was carried out in Chile, in a geographically defined,

predominantly lower-middle-class urban community with stable hous-

ing, running water, sewerage and electricity. Previous work demonstrated

that anaemia in the area was due to a nutritional iron deficiency, and was

not associated with high blood lead levels, which can complicate the

interpretation of iron deficiency in some areas because lead can also

have adverse effects on development (Walter et al., 1989). The infants

in the study were assessed using the Bayley Scales at 1 year of age, blind

to their iron status. The average Bayley Scale MDI scores of the anaemic

infants were 7 points lower than those of the controls, and the average

PDI scores just over 11 points lower. Both differences were highly sig-

nificant. There were no significant differences between the groups in their

weight, length or head circumference at the time of the test, which

suggests that the iron deficiency was not associated with a more general
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state of malnutrition. Nor did they differ in a socio-economic index, in the

mother’s age or number of pregnancies, in the child’s birthweight, in the

duration of breast-feeding or in morbidity (illnesses). In a regression

analysis examining all these variables simultaneously only the child’s

height and haemoglobin levels were significantly related to their Bayley

Scale scores. Items that the children failed on the Mental Scale related

predominantly to the use of language; on the Motor Scale they related

predominantly to body control and balance. A comprehensive recent

review confirms this association between iron deficiency anaemia and

developmental delay in infancy (Grantham-McGregor & Ani, 2001).

The effect is quite large, from a half to one standard deviation in size.

Some studies have suggested that iron deficiency without anaemia may

also affect behavioural development. But in the study of Walter et al.

(1989), although the anaemic children were developmentally delayed,

there was no indication that iron deficient children who were not anaemic

were delayed. In a more recent study of Lozoff et al. (1987) infants were

recruited with graded degrees of iron deficiency and anaemia as assessed

from haemoglobin levels and measures of other iron deficiency indicators

(ferritin, transferrin saturation and free erythrocyte protoporphyrin

levels). An anaemic iron deficient group had haemoglobin levels

<105 g/l, low ferritin and transferrin saturation levels and high free eryth-

rocyte protoporphyrin levels. An intermediate iron deficient group had

haemoglobin levels between 106 and 119 g/l and the same levels of the

other iron deficiency indicators. A non-anaemic group had haemoglobin

>120 g/l. Within this non-anaemic group an iron deficient group had

abnormally low levels of all three iron status indicators; an iron depleted

group had only low ferritin levels; and an iron sufficient group had normal

levels of all three (and of haemoglobin). The groups were comparable in

other respects. There were no significant differences in birthweight or in

length, head circumference, weight for length or arm circumference at

enrolment. As assessed using the Bayley Scales in the second year of life, it

was only the anaemic, iron deficient group who were developmentally

delayed. Their average score was 96.6, compared with 104.6 in all the

other groups combined. There was no evidence for any delay in any of the

non-anaemic groups, or, indeed, in children in the anaemic group who

were only mildly anaemic (haemoglobin >100 g/l).

A similar finding has been reported by Sherriff et al. in the ALSPAC

study in the UK (Sherriff et al., 2001). Haemoglobin levels were mea-

sured in a representative sample of children in the Avon population at 8,

12 and 18 months, and behavioural development assessed at 18 months

using the Griffiths Scales. Potential confounders taken into account were

maternal parity, gender, ethnicity, whether the child was breast-fed,
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smoking during pregnancy and the educational attainments of the

mother. Haemoglobin levels at 8 months were significantly associated

with Griffiths Scale scores, but there were only associations of borderline

statistical significance at 12 months and none at 18 months. At 8 months

the only clear effect was on the locomotor scale; there was no association

with the overall development quotient. On the locomotor scale scores

increased systematically up to haemoglobin levels in the 96–100 g/l range,

after which there was no further improvement, with mean scores no

higher in the 101–05, 106–10 or 110–49 ranges. As noted above, using

the WHO cut-off point for anaemia (Hb< 110 g/l), 23% of the infants in

this population were classified as anaemic at 8 months. But examining

these behavioural outcomes, only about 4% of the children had haemo-

globin levels sufficiently low to affect their locomotor scores.

These studies concerned behavioural development in the first two

years of life, but there is some evidence that adverse effects of iron

deficiency anaemia early in life are still found in later childhood. Lozoff

and colleagues followed up the children first studied in infancy (Lozoff

et al., 1987) after 5 and then 10 years (Lozoff et al., 2000; Lozoff, Jimenez &

Wolf, 1991). At these follow-ups the growth and iron status of the children

was excellent, but the children still showed cognitive deficits associated

with iron deficiency measured in infancy when they were 5 years old. At

10 years, after adjustment for background variables, including the mother’s

IQ, there were (non-significant) differences of about two IQ points com-

pared with controls, and significant differences in attainment in arithmetic

and reading, and on a perceptual and a spatial memory task.

A number of different mechanisms might underlie the effect of iron

deficiency on development. Lack of iron could affect neurotransmitter

metabolism in the CNS. One suggestion (Pollitt, 1993) is that a reduction

in dopamine D2 receptors in the cortex that depend on iron alters

dopamine dependent neurotransmission and so impairs cognitive func-

tion. Alternatively, iron deficiency might interfere with myelination in the

developing brain. Roncagliolo et al. (1998) review the evidence for this

effect of iron deficiency. Much of it is based on studies in rats. The

localisation of iron in the brain is similar in rats and humans, with

particular concentration in the basal ganglia, and in both species the

period of myelination is primarily postnatal (Felt & Lozoff, 1996). In

rats transferrin and iron move into the brain immediately after birth. The

iron concentrates in oligodendrocytes, which need iron for myelin pro-

duction. There are lasting deficiencies in both brain iron and myelination

in rats that are made iron deficient early in development. Roncagliolo

et al. ingeniously sought direct evidence of altered myelination in iron

deficient human infants by examining auditory brainstem evoked

Nutritional deficiencies 93



potentials (electrophysiologically recorded brainstem responses to audi-

tory stimuli). They did indeed find that the central conduction time for

auditory stimuli was longer in infants anaemic at 6 months of age, indicat-

ing a slower nerve conduction velocity of the kind one would expect with

delayed myelination. A similar effect was subsequently shown in visual

system pathways (Algarin et al., 2003). However, anaemia could also have

indirect effects, as suggested in the ‘functional isolation’ hypothesis.

According to this hypothesis, which was originally put forward in relation

to protein-energy malnutrition (Chavéz & Martinez, 1975; Levitsky &

Barnes, 1972), malnutrition leads to changes in the child’s emotional

state, attention or activity levels which results in their seeking less stimula-

tion from the environment, and this in its turn leads to their eliciting less

stimulation from their parents or other people caring for them. In relation

to iron deficiency, there is direct evidence from two different studies that

children who are anaemic stay closer to their mothers than children who

are not (Lozoff et al., 1998; Lozoff, Klein & Prabucki, 1986).

All the studies dealt with above are concerned with naturally occurring

associations between iron deficiency and behavioural development. They

necessarily rely on statistical control for other variables that might be

related both to iron deficiency and also to delayed development (for

example, lead intake or a poorer family environment). But, in addition,

a considerable number of therapeutic trials in which children have been

treated with iron have been reported, and are incisively reviewed by

Grantham-McGregor and Ani (2001). Trials in children under 2 years

old with a short intervention period (less than 15 days) have generally not

shown a beneficial effect of treatment. Haemoglobin levels in infants with

iron deficiency anaemia are only restored to normal after about 8 weeks of

treatment, so these short periods of therapy would not reverse the infants’

anaemia, though they would make additional iron available to central

nervous system cells (Pollitt, 1993). Longer-term trials that would reverse

iron deficiency anaemia, with treatment for periods of 2–6 months, show a

more mixed pattern of results. Double blind placebo controlled RCTs

provide the best kind of data, and two studies of children under 2 were

of this kind (Auckett et al., 1986; Idjradinata & Pollitt, 1993).

Auckett et al. (1986) screened 470 children 17–19 months old through

child health clinics in Birmingham. Using the WHO criterion, 26% of the

children were anaemic. Eight (2%) were severely anaemic, with a hae-

moglobin concentration below 80 g/l, and these were treated immedi-

ately. The other less-severely anaemic children were divided randomly

into two groups. One group was treated with an iron supplement and

vitamin C, which improves the absorption of iron, and the other with

vitamin C alone. Testing was carried out blind to the child’s group, using
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items from the Denver Developmental Screening Test (Frankenburg &

Dodds, 1967), before and after treatment. The iron treatment increased

haemoglobin levels and improved weight gain when compared with the

placebo treatment. Overall, the rate of behavioural development was no

greater in the iron treated than in the control group, though some evi-

dence was found that children in the treated group were more likely to

show the fastest rates of development, especially if their initially low

haemoglobin levels increased by at least 20 g/l.

The Idjradinata and Pollitt (1993) study was carried out in Bandung in

Indonesia. Infants attending a child health clinic at 12–18 months of age

were classified into one of three iron status groups. The iron deficiency

anaemia (IDA) group had haemoglobin �105 g/l, transferrin saturation

�10% and serum ferritin �12 mg/l. The non-anaemic iron deficiency

group had the same transferrin saturation and ferritin levels but normal

haemoglobin levels (�120 g/l). The iron sufficiency group had normal

levels of all these indicators. Before any treatment, the children were all

tested and the Bayley Scale scores of the IDA group were significantly

lower than those of infants in the other two groups. Infants in all three

categories were divided at random into a group treated with iron (ferrous

sulphate syrup) and a group treated with a placebo syrup. Iron treatment

significantly increased haemoglobin levels in the IDA group, and also, to a

smaller extent, in the non-anaemic iron deficiency group. The Bayley Scale

Scores of the IDA group were significantly improved by the iron treatment,

which entirely eliminated the adverse effect of iron deficiency. The iron

treatment did not improve scores in either of the non-anaemic groups.

In older children and adults there are more controlled trials of this kind.

Grantham-McGregor and Ani (2001) summarise results from nine, in

which significantly beneficial treatment effects were found in four, and

suggestive effects in three others. There was no effect of iron treatment in

the remaining two. Two of the studies (Groner et al., 1986; Lynn &

Harland, 1998) examined effects of iron treatment in adolescents. Lynn

and Harland (1998) sampled about 400 12–16-year-old children attend-

ing seven comprehensive schools in a single city in north-east England.

Their IQs were determined using Raven’s Standard Progressive Matrices,

and their iron status measured using assays for haemoglobin and serum

ferritin. They were then divided into two groups matched for age, sex and

IQ. One group was supplemented with iron over a 16 week period, using

tablets of iron combined with vitamin C. The other group was given a

placebo which looked the same. After the period of supplementation,

the children were tested again with the Progressive Matrices. The study

was conducted double blind, with the contents of the tablets known only

to the manufacturer until the end of the trial. Overall, the iron
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supplementation had no significant effect on IQ as assessed using the

Progressive Matrices. When the children were divided into three groups,

however, based on their initial ferritin levels, there was a significantly

greater rise in IQ in the iron supplemented group, who improved by about

3 IQ points, while the low ferritin controls lost about 3 IQ points. As

Grantham-McGregor (2001) points out, it is theoretically possible that

this could have been a beneficial effect of the vitamin C rather than the

iron. Groner et al. (1986) recruited 38 young women in the early stage of

pregnancy, and determined their iron status. They were randomised into

two groups. Both groups were treated with prenatal vitamins, in one of

the groups with an added iron supplement, over a period of one month.

A number of psychometric tests were used; significant differences in

favour of the iron treated group were found in one memory test and one

subsection of a test of attention deficits. There was, unfortunately, a

substantial loss of participants before the psychological testing (13, 10

of whom were in the control group).

One approach to iron deficiency in children would be to routinely

supplement the children in a community with iron over the period in

which iron deficiency would be most likely to occur. A number of studies

have examined the effects of supplementation of this kind; examples are

Moffatt et al. (1994) and Lozoff et al. (1997). In the first of these studies

(Moffatt et al., 1994) 283 healthy bottle-fed infants from low-income

families were randomly assigned to two groups, one of which was fed with

a standard infant formula and the other with an iron-fortified formula.

Testing used the Bayley Scales at 6, 9, 12 and 15 months. As one would

expect, given the proper randomisation of groups of this size, they were

closely similar on such background variables as the mother’s age and

education, parity and gestational age, and also on the HOME scores.

(The HOME inventory was used to assess aspects of the child’s home

environment related to their intellectual development.) The iron-treated

group were significantly improved on all the measures of iron status used.

They were also significantly more advanced on the PDI scale of the

Bayley Scales, but not on the MDI scale. Even on the PDI, the difference

was transient, and was no longer statistically significant at 15 months of

age. In the second study (Lozoff et al., 1997) 944 Chilean infants were

randomly assigned to a supplemented and a non-supplemented group

over the period 6–12 months. Anaemia at 12 months was reduced by the

supplementation from 24% to 4%, and iron deficiency from 49% to 15%,

but there were no significant differences in the MDI or PDI scores, which

were virtually identical in the two groups.

General programmes of supplementation could not be justified on the

basis of these results, though they might be justified on other grounds.
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But the evidence for adverse developmental effects of iron deficiency is

certainly strong enough to justify efforts to reduce its prevalence by

improving the diets of young children, though it has proved frustratingly

difficult to establish unambiguous effects of iron deficiency on psycho-

logical development, especially in the long term, in spite of the high

quality of much of the research in this area.

5.3 Protein-energy malnutrition

Iron deficiency is a single nutrient deficiency. The term malnutrition as it

is more generally understood usually refers primarily to protein-energy

malnutrition (PEM) which reflects a generally low food intake. But as we

saw in Chapter 1, food intake itself is extremely difficult to measure

accurately, so in practice protein-energy malnutrition is usually detected

in children by measuring one of the most obvious effects of low food

intake, poor growth. Height (or length) and weight are measures of

growth which have been widely used in the assessment of the nutritional

status of children and are relatively easy to make. So in practice protein-

energy malnutrition is identified by reference to a child’s height or weight.

But it needs to be borne in mind that children who are malnourished by

this criterion may be short of micronutrients (iron or zinc, for example) as

well as of sources of protein or energy (Pollitt, 1995).

How does one decide from these anthropometric measures whether a

child is malnourished? To do so one has to compare the height or weight

of a child with the heights and weights of well-nourished children of the

same age, and this involves comparison with children in a reference

population. In recent years the reference population most commonly

used internationally has been the one described by the US National

Center for Health Statistics (Hamill et al., 1979). Although it was based

on American children, it has been recommended for international use by

the World Health Organisation (WHO, 1986). The international use of

a single reference population presupposes that well-nourished children

will grow in comparable ways in all or most populations, and that the

wide differences in growth rate in different populations are mainly envi-

ronmental in origin. While this is to some extent an open question (Cole,

1993) it is probably generally at least approximately true (Habicht et al.,

1974). It is important not to confuse differences in growth rates between

different populations with differences in final attained heights. Final

attained heights are also determined by the timing of puberty. Children

whose growth rate is poor, in any population, are usually malnourished.

Heights and weights differ with the child’s age, so the comparisons

used are specific to each age and are referred to as height-for-age and
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weight-for-age. Separate references are used for males and females.

Taller children weigh more, so a measure of weight adjusted for height

(weight-for-height) is also in common use. Weight-for-age is largely

accounted for by height-for-age and weight-for-height (WHO, 1986),

so the measures of nutritional status that are usually used are height-

for-age and weight-for-height. Children below an agreed threshold for

these have been called ‘stunted’ and ‘wasted’ respectively (Waterlow

et al., 1977). Alternative and more everyday terms are ‘short’ and ‘thin’,

though these do not carry the same evaluative implications (a stunted

child is not just short, but shorter than they should be). Stunting (assessed

by height-for-age) tends to reflect long-term chronic malnutrition, while

wasting (assessed by weight-for-height) tends to reflect short-term mal-

nutrition, as in famine conditions.

At any age an anthropometric measurement has an average and a

spread of values around the average. The average is generally specified

as the median or the mean, and the spread as a set of centiles or as a

standard deviation. Height has a distribution close to the Gaussian (nor-

mal) so if we are dealing with height the median and the mean are the

same and the standard deviation can be used to generate the centiles.

A child’s weight or height can be related to the reference population by

expressing it as a centile (‘weight on the 5th centile’) or, equivalently,

in standard deviation (SD or z score) units (‘weight SD or z score� 1.65’).

An advantage of centiles is that they are more readily comprehensible to

most people, and for this reason they are commonly used in clinical

practice; a disadvantage is that they become difficult to use in the

extremes of the distribution (where centiles are below 1 or greater than

99) and are less easy to handle statistically. A standard deviation or z

score is the ‘distance’ a child is from the average in SD units (�1 SD,

�2 SD etc.), and 1 SD identifies the same proportion above and below

the average if the distribution is normal. Not all anthropometric char-

acteristics have a normal distribution. Weight generally doesn’t, for

example, because there tend to be small number of very heavy people

with no corresponding very light people. But SD scores can still be used

for these characteristics, though the procedures involved have to take

into account the exact shape of the distributions (Cole, 1990).

Contemporary studies that classify children into groups based on

anthropometric indicators tend to use standard deviation scores to do

so, following the recommendations of Waterlow et al. (1977). A height

more than 2 SD below the mean of the reference population (i.e. <�2

SD) is commonly used as a criterion for ‘stunting’, and a weight-for-

height more than 2 SD below the mean as a criterion for ‘wasting’

(Waterlow et al., 1977).
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The relatively uniform use of these criteria across different studies

allows the examination of trends in malnutrition over time. A recent

analysis of 241 nationally representative surveys of stunting in children,

for example, examined its current prevalence and trends in its prevalence

over the period since 1980, with projections to 2005 (De Onis, Frongillo &

Blössner, 2000). The standard definition of stunting was used, a length

for age more than 2 SD below the average of the NCHS/WHO reference

population (WHO, 1995). Overall, the estimated prevalence of stunting

in all developing countries for the year 2000 was 32.5%. This has drop-

ped steadily from 47.1% in 1980, showing a considerable improvement in

the nutrition of children. All regions of the world were improving over this

period, with the exception of East Africa, which showed an increase in

stunting (from 46.5% to 48.5%). This area includes Djibouti, Ethiopia,

Madagascar, Rwanda and Zambia. In spite of the general improvement,

overall, the estimated number of stunted children in the year 2000 was

still 182 million.

Protein-energy malnutrition, then, is still a major health problem in

children. Longitudinal studies show that malnutrition as assessed anthro-

pometrically is clearly associated with later mortality. Figure 5.1, for

example, shows the relationship between a child’s weight-for-age and

their subsequent risk of death in six longitudinal studies in the first five

years (Pelletier, Frongillo & Habicht, 1993). Even mild malnutrition is

associated with a greater subsequent mortality. Epidemiological evidence

from 53 developing countries suggests that over half the deaths of child-

ren under 5 in these countries are due to malnutrition, acting synergistically

with infectious diseases (Pelletier et al., 1995). Although the risk associ-

ated with severe malnutrition is obviously greater, mild to moderate

malnutrition is much more widespread so most of this increased mortality

(over 80%) is attributable to mild to moderate malnutrition.

There is also evidence that malnutrition has adverse effects on intellec-

tual development. As with iron deficiency, the evidence is mostly obser-

vational. An important early study examined the intellectual outcomes of

early malnutrition in a group of Korean infants adopted by 3 years of age

by American parents (Winick, Meyer & Harris, 1975). The children in

the study were adopted through the Holt Adoption Service in Korea, and

were all female and born at term, with no physical defect or chronic illness

at the time of adoption. A malnourished group, below the 3rd centile for

weight and height at the time they came into the care of the adoption

agency, was contrasted with a well nourished group, who were at or above

the 25th centile, and a moderately nourished group intermediate between

the two; 110 children (equal numbers from each group) had their IQ

recorded at school. The average IQ of the malnourished group was 102,
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in the intermediate group it was 106 and in the well-nourished group it

was 112. Similar differences were found in school achievement scores.

Inevitably a study of this kind has some limitations, and follow-up was

restricted to about 70% of the children. The adoptive homes were pri-

marily middle class, but other details of their characteristics are not

available, though the authors indicate that the distribution of the children

into their adoptive homes was ‘entirely at random’. The most interesting

feature of the results is that the effects of early malnutrition apparently

persisted even though the children had all been brought up in relatively

prosperous homes from an early age, and even though the mean IQ for all

the children was actually above average.

A more recent example of an observational study examining the rela-

tionship between nutrition and early intellectual development is an

investigation of the functional effects of mild to moderate malnutrition

in rural Kenya (Sigman et al., 1991; Sigman et al., 1989; Sigman et al.,

1988). The study population were Kiembu-speaking Embu families.

They hold land and farm on a small scale, producing food for the house-

hold and cash crops. Their homes are small mud huts with two rooms and
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Figure 5.1 Malnutrition and subsequent mortality in infants and young
children (Pelletier et al., 1993). The data are the (natural) logarithms
of mortality (deaths per 1000 children per year) and come from six
different studies in Tanzania, Papua New Guinea, Bangladesh and
India. Reproduced from the American Journal of Public Health, 83,
1130–3. Copyright 1993, with permission from the American Public
Health Association.
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thatch or tin roofs. Data were reported on 110 children, who were

observed and tested between 18 and 30 months of age. Each month

throughout this period food intake was measured for two days principally

by direct weighing, combined with some maternal recall of foods eaten

overnight. In addition, performance abilities were assessed in both

parents using Raven’s Progressive Matrices, and their reading and writing

skills were tested. A locally developed questionnaire to assess socio-

economic status was administered (it correlated quite well with the

local Embu subchief’s assessment of the ranking of the households).

The length and weight of the children were measured at 30 months,

and their development assessed using a locally modified version of the

Bayley Scales. In addition, interactions between the child and other

members of the household were recorded by direct observation, as was

the child’s functional and symbolic play. The final report from this series

examined the children when they were 5 years old. The children were

assessed with a verbal meaning test that used pictures previously used in

East Africa, and with a non-verbal test (Raven’s Matrices). Evidence that

scores of these tests were stable over time and related to school exami-

nation success was provided by a previous study in older Embu children.

As one would expect, the five-year cognitive scores were significantly

related to a wide range of variables. Significant associations with nutri-

tional variables were found with animal protein and fat intake over the

24–30 month period and with length and weight at 30 months.

Significant associations with non-nutritional variables were found with

SES, parental IQ and literacy and with early schooling. In simultaneous

analyses using regression methods both SES and animal protein intake

remained significantly related to five-year cognitive scores.

A study examining the relationship between malnutrition in the first

two years of life and subsequent intellectual development over a longer

period comes from the Cebu Longitudinal Health and Nutrition Survey

(Mendez & Adair, 1999), a community-based prospective study of a

1-year birth cohort in the area surrounding the second largest and fastest

growing city in the Philippines. Data on the nutrition and growth of the

children were collected every two months for the first two years, and the

children were followed up when they were 8 and 11 years old. This was a

large-scale study, with data available on more than 2000 children. A

locally developed non-verbal intelligence test (the Philippines Non-

Verbal Intelligence Test) was administered at both ages, and an English

and Mathematics Achievement Test at 11. An extensive set of covariates

was taken into account, including household income, the education of the

mother and father, parity, the number of younger siblings, and the

schooling history of the child. A number of different measures related
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to the child’s linear growth were used. Children with an early height-for-

age more than 2 SD below the WHO/NCHS median were identified as

stunted. Severe stunting was an SD score below �3. To examine the

timing of stunting, the six-month interval in which the child first met the

criterion for stunting was identified (0–6 months, 6–12 months, 12–18

months or 18–24 months). Significant intellectual deficits at 8 years were

found with both moderate and severe stunting early in life; deficits were

also found at 11 years, but restricted to children with severe early stunting.

In a second recent longitudinal study with a long follow-up (Liu et al.,

2003; Liu et al., 2004) malnutrition of a number of kinds was assessed by

means of clinical signs rather than by measures of weight and height. The

signs were angular stomatitis, kwashiorkor, sparse, thin hair and anaemia.

The first of these is principally a reflection of riboflavin (vitamin B2)

deficiency with some contribution from other vitamin deficiencies. The

second is principally due to protein deficiency, and the third to protein-

energy malnutrition. Anaemia of course is a reflection of iron deficiency:

the criterion in this study was a haemoglobin level below 85 g/l. The study

involved following up a birth cohort of 1795 children born in two towns

on Mauritius in 1969–70. At 3 years of age about a quarter of the children

(22.6%) had at least one indicator of malnutrition. Cognitive abilities

were measured at 3 and 11 years of age, and indices of psychosocial

adversity were also collected at both ages. The results showed signifi-

cantly lower IQ at both 3 years and 11 years of age in the malnourished

children; the difference was about 5 IQ points at 11. All four indicators of

malnutrition were related to cognitive outcomes, but the most consistent

effects were with anaemia. Deficits in reading and school performance

and on tests involving visuomotor tracking, motor speed, attention and

working memory were also apparent. These deficits were systematically

related to the number of indicators of malnutrition, with more indicators

predicting greater deficits, and remained significant after adjustment for

9 indicators of social adversity at age 3 and 14 indicators at age 11 (though

no information is given on the size of the effect of malnutrition after

adjustment for these indicators). The children in this study were recruited

at 3 years of age, and its main limitation is the lack of information on

prenatal variables. Externalising behaviour (hyperactivity, aggression and

related behaviour) was also assessed in this study and was also found to be

related to malnutrition, being more prevalent at 8, 11 and 17 years of age

in children with more indicators of malnutrition (Liu et al., 2004). This

effect, however, was mediated principally via the effects of malnutrition

on intellectual ability.

A wide variety of candidate explanations is available to explain

the cognitive effects associated with childhood malnutrition. The first
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possibility must be that the adverse effects are not in fact a result of

malnutrition itself, but of other characteristics of the children’s family

backgrounds that are associated with malnutrition. Malnutrition is often

associated with poverty and other forms of adversity, and it is extremely

hard to control statistically for all the relevant covariates (it is hard to

know what they all are, let alone to measure them all reliably). The second

possibility is that malnutrition may have a direct (perhaps structural)

effect on the CNS of the growing child, of such a kind as to adversely

affect their later intellectual performance. Effects of malnutrition on

brain growth and development are reviewed by Dickerson, Merat and

Yusuf (1982). There certainly are such effects, though Simeon and

Grantham-McGregor point out that ‘although biochemical and struc-

tural changes have been found in the brains of severely malnourished

children who die, it is not clear if they persist in children who survive’

(Simeon & Grantham-McGregor, 1990). A third possibility is that

parents may respond more to a child’s size than to their age, treating

growth delayed children as if they are younger than they are (Pollitt et al.,

1993), and so fail to provide in an age-appropriate way for their intellec-

tual development. A fourth possibility, as with iron deficiency, is ‘func-

tional isolation’. Malnutrition may reduce activity levels, for example

(Pollitt et al., 1993; Simeon & Grantham-McGregor, 1990), and reduced

activity may reduce learning by reducing interactions with the environ-

ment (Pollitt et al., 1993; Strupp & Levitsky, 1995).

There is some direct evidence that malnutrition is associated with

reduced activity levels (Grantham-McGregor, Stewart & Powell, 1991).

In this study a group of children hospitalised with severe malnutrition in

the first two years was compared with a group hospitalised for other

reasons. Data were collected by direct observation of the child’s behav-

iour, although the actual observation time was quite limited (5 minutes).

The malnourished children were only about half as active as the control

children on admission to hospital during unstructured observation when

the children were alone in their cribs. During structured observations, in

which they were provided with toys, they handled fewer toys, played less

and were less exploratory. In a study of this relationship in the Gambia,

Lawrence et al. (1991) used time-sampled activity diaries over the period

from early in the morning until the child fell asleep for the night. Every

two and a half minutes an electronically generated signal alerted the

observer to note down the child’s activity at the time. The children were

divided into three groups by age (6, 12 and 18 months) and into two by

nutritional status. At 6 months the less-well-nourished children were

significantly less active than the better nourished children; differences at

later ages, though in the same direction, were not statistically significant.
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The best test of the functional isolation hypothesis to date is by Gardner

et al. (1995). These authors used direct observation over extended

periods in the child’s home to compare activity levels in different groups

of children up to 2 years old. They examined a stunted and a non-stunted

group. Children in the stunted group were randomly assigned to one of

four treatment groups, provided with psychosocial stimulation or nutri-

tional supplementation alone, or the two combined or neither. The group

that were not stunted were significantly more active at enrolment (about

19 months of age). But they were not more active six months later, and

changes in the child’s activity did not predict changes in scores on the

Griffiths Mental Development Scales. Control children who were not

supplemented were just as active as the supplemented children (and the

non-stunted children) after the six-month intervention period.

Studies using nutritional supplementation of this kind have thrown

further light on the general associations between malnutrition and later

intellectual development. In a house to house survey in most of the poor

neighbourhoods of Kingston, Jamaica, Grantham-McGregor and her col-

leagues (1991) identified children 9–24 months old whose lengths were

more than 2 SD below the mean of the NCHS reference population. The

129 children were stratified by age and sex, and allocated using a quasi-

random procedure to one of four groups, a supplemented group, a group

given developmental stimulation, a group who were both supplemented

and given developmental stimulation, and a control group. The supple-

mented group were allocated 1 kg of a milk-based formula, sufficient to

provide 3.15MJ of energy and 20 g of protein per day. Cornmeal and

skimmed milk were also provided for the rest of the family, to try to avoid

the sharing of the child’s supplement with the other family members,

which is a commonly encountered problem in studies of this kind. The

group given developmental stimulation were visited for one hour a week

by community health aides, who taught the mothers how to play with

their children in ways that would promote their development, using

homemade toys.

The nutritional supplementation significantly improved the growth of

the children over the course of the study, as measured by greater increases

in length, weight and head circumference than were found in the control

group or in the group given developmental stimulation (Walker et al.,

1991). The development of the children was assessed using the Griffiths

Mental Development Scales, modified for use in Jamaica (Grantham-

McGregor et al., 1991). At enrolment, each of the stunted groups had

significantly lower Griffiths scores than the non-stunted group. The

results of the intervention are shown in Figure 5.2. Both nutritional

supplementation and psychosocial stimulation improved development.
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The two together had an additive effect leading to the greatest improve-

ment of all. The growth of the children was investigated a further four

years after the intervention, when the children were 7–8 years old (Walker

et al., 1996). At this age 122 of the original 129 children (95%) were

located, a remarkably complete follow-up given that the study was con-

ducted in a poor neighbourhood in Jamaica. At this age there were no

significant differences between the four groups on any measure of growth

(height, head circumference, weight, arm circumference or triceps or

subscapular skinfold thickness). The cognitive attainments of the child-

ren were examined at the same age (Grantham-McGregor et al., 1997),

using a wide range of tests, including IQ tests and a number of other

verbal and performance tests, several tests of learning and memory,

achievement tests assessing reading, spelling and arithmetic and a test

of fine motor coordination. Factor analysis of the tests led to analysis

based on three factors, a factor reflecting general cognitive function, a

perceptual-motor factor and a factor reflecting long-term semantic mem-

ory. There was no significant effect of supplementation in early childhood

on any of the factors. The children were studied yet again when they were

11–12 years old (Walker et al., 2000), using a range of different measures
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Figure 5.2 Effects of nutritional supplementation and psychosocial
stimulation in ‘stunted’ children (Grantham-McGregor et al., 1991).
The development quotient (DQ) is adjusted for initial age, and for initial
score in the four stunted groups. Reproduced from The Lancet, 338, 1–5.
Copyright 1991, with permission from Elsevier.
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including an IQ test (the WISC-R), measures of visual reasoning ability,

language comprehension and other verbal abilities and a range of other

neuropsychological measures. Although growth restriction was associ-

ated with lower scores on almost all the measures, again no significant

beneficial effect of nutritional supplementation was found.

As with iron deficiency, studies on protein-energy malnutrition provide

reasonably consistent evidence for adverse developmental effects that

endure at least into later childhood. And as with iron deficiency, the

evidence is not entirely beyond question, as this very carefully conducted

study shows. An excellent specialist review deals with these issues in more

detail (Simeon & Grantham-McGregor, 1990).

5.4 Secular trends in intelligence

Over the last half century there have been very striking gains in measured

intelligence in many industrialised countries. This fact has been hidden

from view by the regular restandardisation of intelligence tests, so

that their mean has remained approximately 100. It was first brought to

light by Flynn (1987), who has recently provided an updated review of

the topic in a book published under the auspices of the American

Psychological Association (Flynn, 1998). Data from 20 different nations

each show large gains in IQ over time. They include most European and

other English-speaking nations, Israel and urban Brazil, Japan and urban

China. Research published since this review shows a comparable effect in

a rural area of Kenya (Daley et al., 2003). Indirect evidence suggests that

these improvements probably date from the early period of industrialisa-

tion. The best direct evidence comes more recently from comprehensive

assessment of nationally representative samples, either of school children

or of military personnel. The data are strongest in respect of tests of ‘fluid’

intelligence, such as the Raven Progressive Matrices. Examples of the

change using matrices tests are shown in Figure 5.3. The median rise per

generation (30 years) is about 18 IQ points. Similar results have been

found with data from Wechsler performance tests. Tests of verbal IQ

have generally shown a trend in the same direction, but averaging about

9 IQ points (Flynn, 1998).

It is not easy to be certain exactly what a secular trend of this kind

means. Flynn has emphasised the importance of identifying the ‘package

of enhanced cognitive skills’ that have improved over time as IQ scores

have risen (Flynn, 1998). There is, unfortunately, very little evidence

concerning secular trends in other measures of intellectual skills. A good

case has been made that the quality of high-level chess players has

improved over the same period (Howard, 2005). A recent study has
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investigated a possibility that there may be a similar secular trend in

inspection time (Nettelbeck & Wilson, 2004). In inspection time studies

two vertical lines of slightly different length are presented simultaneously,

and the task is to detect whether the shorter is on the right or the left hand

side within a very short time restricted by a backward masking stimulus.

Inspection time provides a measure of central nervous system processing

speed that is reliably correlated with psychometric intelligence (Grudnik &

Kranzler, 2001; Nettelbeck, 2001). In 2001 Nettelback and Wilson

re-examined inspection time in children in a school in which it had initially

been examined in 1981 (i.e. after an interval of 20 years). Children of the

same age were used, and the same apparatus and procedure were used as

in the original 1981 study. The children’s IQ was measured using the

Peabody Picture Vocabulary test, in the same form as initially used in 1981.

Comparing the two cohorts there was an increase in the estimated IQ
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Figure 5.3 Secular trends in intelligence in five countries (Flynn, 1998).
The data for Britain come from the standardisation and restandardisation
of the Raven Progressive Matrices, and for other countries from
comparable military samples of persons of the same age taking
equivalent tests (derivatives of the Raven). Reproduced from The Rising
Curve: Long-term Gains in IQ and Related Measures, ed. U. Neisser,
American Psychological Association, Washington DC. Copyright 1998,
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scores (of almost 5 points) over the 20-year period, but there was no

significant decrease in average inspection time.

Although the secular trend in IQ is usually and reasonably attributed to

changes in the environment, Mingroni (2004) has suggested that a purely

genetic mechanism, heterosis, might have led to the change. Heterosis or

‘hybrid vigour’ increases when the local genetic variability between small

human populations (towns and villages) is reduced as a result of demo-

graphic changes that reduce reproductive isolation. Reduced reproduc-

tive isolation increases heterozygocity, and there is some direct evidence

that outbreeding is associated with higher IQ (Mingroni, 2004).

Although this hypothesis has not been tested systematically, it makes

reasonably precise predictions that should be testable in principle. Lynn

(1990) has argued, however, that the most likely explanation of this

secular trend is environmental, and that it derives from improved nutri-

tion. The first line of evidence for this is that the secular trend in intelli-

gence has generally accompanied a secular trend in height. The increase

in height is most plausibly attributed to improved nutrition, and there is,

indeed, evidence that poor nutrition was widespread in economically

developed countries in the 1920s and 1930s (Lynn, 1990). Secondly,

comparable trends have been found for head circumference. Head size

has been shown to be correlated with measured intelligence in a large

number of studies; results from 54 samples are collated in Vernon et al.

and show a pooled correlation between the two of about .2 (Vernon et al.,

2000). Lynn notes that there has been a larger increase in visual-spatial

(performance) IQ than in verbal IQ, and also suggests that visual-spatial

abilities are more sensitive to nutrition.

Another possibility is that it is changes in schooling, rather than in

nutrition, that underlie the secular trend in IQ. Data on the trend in

young children before they reach school age would be of particular value

here, but the data available on young children are very limited. There is

some evidence for a secular trend similar to the trend in IQ in motor

development (Capute et al., 1985), and in head circumference, which is

strongly related to brain weight (Cooke et al., 1977; Ounstead, Moar &

Scott, 1985). A similar improving trend has also been found in data

collected during the course of a revision of the Griffiths scales in children

under 2 years of age (Hanson, Smith & Hume, 1985). Over the period

between the first standardisation in 1947–51 and data collection for the

revision in 1978–82, the mean score increased from 99.7 to 110.2.

Differences in the samples were carefully considered but did not provide

an explanation of this increase. It is interesting to note that the average

difference was quite consistent across infants of different ages and was

clearly present in the first month of life. This might suggest a prenatal
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rather than a postnatal nutritional effect – it certainly does not suggest an

effect of changed educational practices. Also consistent with a nutritional

cause is evidence suggesting that the secular trend has particularly

affected the lower part of the IQ distribution (Colom, Lluis-Font &

Andrés-Pueyo, 2004; Lynn & Hampson, 1986; Teasdale & Owen,

1989). The Kenyan study (Daley et al., 2003) referred to above was

carried out over a 14-year period from 1984, and in addition to scores

on Raven’s Progressive Matrices extensive data on other changes in the

community were collected, including nutritional data, though different

methods of collection were used in 1984 and 1998; at the first time point

the nutritional data were collected by direct observation and weighing of

the ingredients and the food intake, and at the second by 24-hr recall and

food frequency measures. Overall intake of energy and protein was

reported to increase over the period of the study, but iron deficiency

and anaemia also increased. Competing non-nutritional explanations

were also evaluated. Family size decreased, but whether a child was

first-born was unrelated to test scores in either cohort. Parental education

and literacy increased over the period of the study. Testing was carried

out four months after the children started school, so school-based educa-

tional experiences were unlikely to have accounted for the rise in test

scores in this population.

In good quality data the trends over time are remarkably similar over

different decades and in different countries, as illustrated in Figure 5.3.

This makes the trend over time particularly difficult to explain, as

variation in the trend is necessary before associations between differ-

ences in the trend and differences in environmental variables over time

or place can be established. If the effect is (purely) nutritional in origin,

it is, perhaps, surprising that IQ has increased at such a similar rate over

such a long period: one might have expected at least some levelling out

of the trend in recent years, at least in affluent countries (Martorell,

1998; Teasdale & Owen, 1989).
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6 Nutritional aspects of some physical conditions

6.1 Phenylketonuria

At the end of Chapter 3 we considered the effects of diarrhoeal diseases

on food intake and growth. Diarrhoeal diseases are usually temporary,

and can affect any child. In this chapter we will consider nutritional

problems associated with some long-term illnesses or disabilities.

Almost all long-term illnesses and disabilities have nutritional aspects to

them and the examples considered here are just examples. I have chosen

these examples because they illustrate important general principles

(PKU), because nutritional aspects are central to the disorder (cystic

fibrosis), because there can be a tendency to overlook disorders that are

found only in minority ethnic groups (sickle cell disease) or because they

relate to other problems dealt with in other chapters (cerebral palsy). But

mainly I have chosen them because interesting and important research is

available on them.

Phenylketonuria (PKU) has been described as a classic example of a

genetic disorder (Scriver & Clow, 1980a; 1980b). It is inherited as an

autosomal recessive trait. As a recessive trait, PKU develops in the child

only if they have two copies of a gene for the condition. If both parents are

heterozygotes (i.e. if they each have a single copy of the gene) one in four

of their children, on average, will have two copies and so will develop the

disorder. Children with a single copy are carriers, and they are only

slightly different from children without any PKU genes. However, these

slight differences may be enough to provide some reproductive advantage

to the individuals concerned in some environments (Woolf, 1986). The

incidence of PKU is high in the Irish and in Western Scotland, and quite

high in other Northern European populations and in white Americans.

It is rare in populations in the Mediterranean and outside Europe,

and relatively rare in African Americans. This distribution of PKU in

different populations and its apparently Celtic origins have led to one

plausible suggestion for a reproductive advantage to PKU heterozygotes.

Heterozygous women in Ireland and Western Scotland have a lower
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spontaneous abortion rate, perhaps because the heterozygous condition

protects them against the effects of ochratoxin A, a toxin of fungal origin

(Woolf, 1986). Ochratoxin A is most commonly found as a contaminant

of barley and wheat in Northern Europe, unlike the aflatoxins, which

need higher temperatures and are more commonly found as contami-

nants of maize, peanuts and oilseeds in tropical countries (Spooner &

Roberts, 2005).

In its classical form, phenylketonuria is caused by a deficiency in the

enzyme phenylalanine hydroxylase, resulting from an abnormal form of

the phenylalanine hydroxylase gene on chromosome 12 (Figure 6.1).

There are many variant forms of the gene that have this effect, and they

reduce the enzyme’s activity to varying extents. Phenylalanine hydroxy-

lase catalyses the conversion of phenylalanine, an amino acid contained in

many foods, to tyrosine. If the phenylalanine is not converted to tyrosine

it builds up in the blood and damages the developing central nervous

system, leading to severe intellectual disabilities. This suggests a possible

dietary treatment for PKU – if intake of phenylalanine is reduced, then it

might not build up in the blood to the same toxic extent.

Typically developing child

Child with phenylketonuria

Enzyme
(Phenylalanine
hydroxylase)

Phenylalanine

Tyrosine Melanin

Thyroxine

Enzyme
(Phenylalanine
hydroxylase) 

Phenylalanine

= block

Tyrosine Melanin

Thyroxine

Phenylpyruvic
acid

Figure 6.1 Metabolic pathways in phenylketonuria. Phenylalanine is
taken in as a component of food, and converted to tyrosine by
phenylalanine hydroxylase. In children with phenylketonuria, who lack
this enzyme, phenylalanine intake leads to high blood levels of
phenylpyruvic acid.
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The first attempt at dietary treatment of PKU has been documented by

Bickel (1996). Bickel was working at the University Children’s Hospital

in Birmingham in 1949 when he suggested that children with learning

disabilities should be tested routinely with the ferric chloride test for

PKU. The third child tested was a little girl called Sheila, 2 years old

and of Irish descent, who was severely disabled, could not sit or stand and

took no interest in her surroundings. Sheila tested positive with the ferric

chloride test. But in Bickel’s own words (p. S2) ‘Her mother was not at all

impressed when I showed her my beautiful paper chromatogram with the

very strong phenylalanine (Phe) spot in the urine of her daughter proving

the diagnosis. She awaited me every morning in front of the laboratory

asking me impatiently when I would at last find a way to help Sheila.’

Responding to this mother’s pressure, Bickel and his colleagues won-

dered whether the excess phenylalanine in the body fluids might have

been responsible for the girl’s intellectual limitations, and whether she

might improve if her phenylalanine intake was reduced. A protein sub-

stitute was prepared, a casein hydrolysate that was low in phenylalanine,

and begun as the main protein source in her diet when Sheila was just over

2 years old. Over the next few months she clearly improved, starting to sit

and stand and to walk with assistance, and to develop better interaction

with her carers. Phenylalanine was then added again to the diet

(‘unknown to the mother’). Within 24 hours her condition deteriorated

and she reverted to her earlier state in a few days. The low phenylalanine

diet was then reintroduced, and she improved again. Her mother,

unfortunately, was unable to keep her on the diet that was necessary,

and Sheila’s own subsequent history was not a happy one.

More recently, though, the treatment of children with phenylketonuria

by means of a low phenylalanine diet has been spectacularly successful –

indeed it was so obviously successful so soon that randomised controlled

trials that would make its success easy to demonstrate were never carried

out (Birch & Tizard, 1967). There are, however, observational studies

comparing children who have grown up with differing degrees of dietary

control. There are three relevant variables – the child’s age when the diet

was initiated, the degree of dietary control, and their age when the diet

was discontinued (Burgard, 2000). Statistical analysis in relatively large

groups of children has allowed investigation of the effects of these varia-

bles. Smith, Beasley and Ades (1990b) studied 1031 children with PKU

born in the UK between 1964 and 1990. As we saw in Chapter 5, over this

extended period the average measured intelligence of children has

increased in the UK, as it has in many other countries (Flynn, 1987), so

an effort was made to adjust the IQ scores to take this into account, along

with the social class of the child. IQ was lower by about 4 points for
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each four-week delay in starting treatment. The same adverse effect was

associated with each 300 mmol/l increase in mean phenylalanine concen-

tration during treatment as shown in Figure 6.2.

There is currently some uncertainty as to how long the diet must be

continued to fully protect the child. A number of studies suggest that the

discontinuation of dietary control after 10 years does not generally have

adverse effects (Burgard, 2000). Earlier dietary discontinuation was

studied by Smith et al. in their group of children (Smith, Beasley &

Ades, 1990a). This study showed that detectable adverse effects on IQ

can be found at 8–10 years if phenylalanine levels are allowed to rise.

There is some evidence that dietary relaxation affects persons with phe-

nylketonuria due to different variant forms of the gene to different extents

(Greeves et al., 2000). In this study a group of 125 persons whose diet was

relaxed after 8 years of age was examined. In all there were 46 different

genotypes represented in the groups, with 27 different variant forms of

the gene. Because of the number of variants, most of them occurring in

small numbers of affected people, it was not possible to compare the

effects of dietary relaxation directly in people with different forms of the

genes. Instead the genotype was expressed as the predicted residual

activity of the mutant enzymes (PRA), a measure of the extent to which
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Figure 6.2 Intelligence and average phenylalanine levels in children with
phenylketonuria (Smith, Beasley & Ades, 1990b). An IQ SD score of 0
corresponds to an IQ of 100, and an SD score of –1 corresponds to an
IQ of 85. Reproduced from Archives of Disease in Childhood, 1990, 65,
472–8 with permission from the BMJ Publishing Group.
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normal enzyme function is still present. The PRA associated with differ-

ent variants ranged from 0 to 55% of normal. Participants with a high

PRA (�25%) were more likely to maintain or gain IQ points after the

relaxation of the diet than those with a lower residual activity.

Does the dietary control of phenylalanine completely normalise intel-

lectual development? The most illuminating studies of the normalisation

of intelligence in treated children involve comparisons with unaffected

siblings (Dobson et al., 1976; Koch et al., 1984). In the study of Dobson

et al. (1976) a group of 36 children with confirmed PKU were identified

through a collaborative study in 15 medical centres. The children were

identified by routine screening at birth. Affected children were placed on

a low PKU diet, all within 4 months and most within 1 month. Each of the

children had one or more unaffected siblings, and they were compared

with the sibling nearest to them in age. Intelligence was assessed with the

same test in all the children when they were 4 years old. The mean IQ of

the unaffected siblings was 99. In the affected children it was 94, signifi-

cantly lower by 5 IQ points. Eight previously unidentified cases were also

studied. These were children who were not known to have the condition

until it was identified in a younger sibling by routine screening, and so were

not treated early in life. The average IQ of these children was 77. This is a

higher IQ than one might expect for children with untreated PKU. Two of

the children may have had variant forms of PKU with less severe effects,

and the authors also point out an obvious selection bias, since more

severely disabled children would be less likely to remain unidentified.

The later study of Koch et al. (1984) was based on the same collaboration

and presumably involved some of the same children. In this study WISC

scores were compared at 8 years of age in 55 affected children and their

sibling controls. The mean IQ in the affected children was 100, while in the

siblings it was 107. These data suggest that even with early treatment there

is some remaining adverse effect of phenylketonuria on the intellectual

development of the affected children in practice, though better dietary

control might reduce it or even eliminate it entirely.

A different effect, and one that is also important, is the effect of PKU in

a pregnant woman on the intellectual development of the child of the

pregnancy. To safeguard the unborn child, the mother’s PKU must be

brought back under control by reinstating the kind of diet used in children

with PKU. If this control is successfully re-established, PKU in the

mother is compatible with normal intellectual levels in her offspring

(Waisbren & Azen, 2005). If the PKU is poorly controlled quite severe

adverse effects are found, with average IQ in the child in the low 70s,

though this is not necessarily an effect solely of phenylalanine before

birth. In this study the poorly controlled mother differed in a number of
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other ways – their social class was lower, for example, and they were much

more likely to be in single-parent families.

Other data on cognitive outcomes in phenylketonuria come from more

specific tests of neuropsychological function in relation to the ‘executive

dysfunction hypothesis’ (Griffiths, 2000; Pennington et al., 1985). Because

phenylalanine hydroxylase catalyses the conversion of phenylalanine

to tyrosine, phenylketonuria leads to reduced tyrosine levels as well as

to increased phenylpyruvic acid levels, and tyrosine is a precursor of

dopamine, a neurotransmitter in the central nervous system. Treatment

of PKU therefore usually involves the replacement of tyrosine, as well as a

reduction in phenylalanine intake. There is currently no convincing

evidence that these tyrosine supplements improve psychological abilities

(Poustie & Rutherford, 2003; Smith et al., 1998). But phenylalanine and

tyrosine are carried into the brain by the same transporter proteins, so

higher than usual levels of phenylalanine could reduce the availability of

tyrosine even when it is provided as a supplement in the diet. Neurones in

the retina and neurones in the brain that project to the prefrontal cortex

have a particularly heavy dependence on dopamine. Contrast sensitivity

depends on the retina, and Diamond and Herzberg have shown that

contrast sensitivity is significantly reduced in 5–10-year-old children

with PKU (Diamond & Herzberg, 1996). This reduction was found in

children treated early and continuously for PKU. Their overall average

IQ was 99, and their visual acuity was unrelated to their IQ. Executive

functions, which are involved in the initiation and control of actions,

attention, planning and decision-making, depend on the prefrontal cor-

tex. Welsh et al. (Welsh et al., 1990) directly compared performance on a

battery of executive function measures in preschool children with PKU

and controls. The affected children were all treated early, and their

average IQ (105) was similar to that of the control groups (108).

Executive function measures in this study were derived from a visual

search task, a verbal fluency task, a motor planning task and the ‘Tower

of Hanoi’, which tests the ability to plan and carry out a series of moves to

achieve a goal. The measures were examined individually, and also com-

bined into an overall executive function composite measure. In addition,

a picture recognition memory task was used as a control task not designed

to reflect frontal functioning. Although the groups were small (11 child-

ren in each) there was a clearly significant difference in the composite

executive function measure and in three of the six measures of which it

was composed. There was no significant difference in the picture recog-

nition task. The executive function composite measure was significantly

and negatively correlated with mean lifetime phenylalanine levels and

with phenylalanine levels at the time of the test. Diamond et al. (1997)
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also showed deficits in young children consistent with the adversely

affected development of executive function. Luciana et al. (2001) carried

out a similar study but in adolescents about 18 years old, who were

compared with peer controls nominated by the adolescents with PKU,

and with a second control group of children of about the same age with

a chronic illness of another kind (cystic fibrosis or juvenile onset diabe-

tes). Again, a number of tasks were used to reflect executive functions,

and three additional tasks to reflect cognitive functions of other kinds

(psychomotor speed and accuracy, sequencing ability and recognition

memory). There were no significant differences between the groups on

any of the executive function measures, or on a composite measure, or

of any of the control tasks. Although other explanations are possible,

this might suggest that the effects reported in the Welsh et al. (1990)

study are effects during development that do not endure into the

adolescent period.

The diet used to control blood phenylalanine levels is based on a

protein substitute, with measured quantities of phenylalanine, supple-

ments of vitamins and minerals and a supply of energy-yielding foods

(MacDonald, 2000). It is one of the most restrictive of all diets, and not

surprisingly it is difficult to keep children on the diet. Parents of children

with PKU differ in the extent of their knowledge of the condition, but

these differences do not appear to be related to the extent to which the

diet is successfully maintained (Bekhof et al., 2003). One of the main

problems is the acceptability to the child of the protein substitute, which

supplies most of their protein requirements (MacDonald, 2000). The

protein substitute is based on L-amino acids, which are bitter-tasting, and

children do not generally like bitter foods. It has traditionally been taken

in the form of a drink, and many parents have difficulty persuading their

children to take it in this form (MacDonald, 2000). In a study of 13 1–5-

year-old children with PKU half the mothers said they had difficulty with

this (MacDonald et al., 1997). One in five children took over an hour a

day to drink the supplement; one child took seven hours. There is some

evidence that if the amino acids are presented as flavoured powders, bars

and capsules they are more acceptable and the level of control as assessed

from blood phenylalanine concentrations is improved (MacDonald,

2000). Other problems that children on this diet have (as reported by

their mothers), are poor appetites, eating a limited variety of foods, slow

feeding and a variety of gastrointestinal symptoms (vomiting, constipa-

tion, diarrhoea and abdominal pain). They are more likely to dislike

sweets and chocolates, puddings and cakes, dislikes which are almost

never found in other children. This may be a familiarity effect, associated

with the prolonged intake of the bitter-tasting protein supplement. There
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is evidence that other psychological problems are also more common in

children with PKU compared with those without; for example, they are

more prone to depression, anxiety and phobic tendencies, though not to

antisocial or aggressive behaviour (Smith & Knowles, 2000; Weglage

et al., 2000). Whether these are effects specific to PKU or more general

effects associated with chronic illness and its management is not entirely

clear. Childhood diabetes is another chronic illness that requires a strictly

disciplined management (including regular metabolic monitoring and

dietary restrictions). In a study comparing children with these two con-

ditions with healthy controls internalising (emotional) problems were

found to be more common in both groups with a chronic illness, but

they were no more common in the children with PKU than in children

with diabetes (Weglage et al., 2000). Nor were they related to how good

the control of blood phenylalanine was.

6.2 Other genetic disorders

Cystic fibrosis is another recessively inherited genetic disorder, and is

relatively common (about one in 2000 live births). It is normally diag-

nosed in the first year of life. In children with cystic fibrosis abnormal

mucous secretions in exocrine glands interfere with the functioning of the

pancreas and of the lungs. Energy intake is reduced as a result of the poor

absorption of protein and fats from the gut, and energy needs are

increased as a result of chronic lung disease and recurrent lung infections.

Malnutrition can result, and poor weight gain is one of the earliest signs of

the disease (Giglio et al., 1997). Even today, children with cystic fibrosis

tend to grow less well than other children, with average heights about half

a standard deviation below the average for children of their age (Morison

et al., 1997). Poor nutrition is associated with poor lung function in cystic

fibrosis, and with poor survival (Stark, 2003), and ensuring adequate

nutrition is therefore a key aspect of its management. Until the 1970s

low fat diets were provided for children with cystic fibrosis, but the

exceptionally good survival of children given high fat diets in Toronto

led to revised dietary advice, which now aims to increase energy intake

from 120% to 150% of the normally recommended daily intake for the

child’s age, with 40% of the energy coming from fat. Beneficial though

this high level of food intake may be, it is rarely achieved in practice

(MacDonald, Holden & Harris, 1991), and problems inevitably arise

from attempts to increase the child’s intake beyond levels that they

would naturally consume of their own volition.

Stark and colleagues have examined mealtime behaviour in a series of

studies of children with cystic fibrosis of different ages, ranging from
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infancy to school age (Powers et al., 2002; Stark et al., 2000; 1997).

Dietary intake was assessed using three-day diet diaries. Energy intake

of children with cystic fibrosis was not significantly higher than that of

control children at 18 months or at 2–5 years, but it was significantly

higher at 6–12 years, though even then only about half the children

reached an energy intake of 120% of the recommended intake for normal

children. There were no obvious differences in mechanical aspects of

eating (for example, in energy taken per bite), but in all three age groups

meals took significantly longer to complete. In the youngest group chil-

dren who took longer to eat tended to weigh less. Parents tended to

characterise the older children as dawdling or refusing food more.

Life expectancy in people with cystic fibrosis is lower in young females

than in young males (Rosenfeld et al., 1997). Up to the age of 20 the death

rates are about 20% higher in girls. The reasons for this are not known;

the difference is not explained by any identified medical risk factor. One

possibility that has been considered is that a desire to be thin in girls with

cystic fibrosis might conflict with their need to consume a high energy and

high fat diet (Truby & Paxton, 2001). In a study of children 7–12 years

old with cystic fibrosis these authors found that both boys and girls were

underweight compared with control children, and that lung function was

worse in the more underweight children. But there was no evidence that

the girls were relatively more underweight than the boys. An interesting

finding was that the children with cystic fibrosis were generally more

satisfied with their body weights than control children were. They also

had lower average scores on the Dutch Eating Behaviour Questionnaire,

indicating that they were less likely to engage in weight control and

dieting, and were less likely to have high scores on the Children’s

Eating Attitudes Test (ChEAT), which assesses disordered attitudes to

eating. Similar findings have been reported in adults with cystic fibrosis

(Abbott et al., 2000). In general, the Truby and Paxton study did not find

any evidence that a desire for thinness was associated with a poorer

nutritional level in girls with cystic fibrosis, and the largest study to date

of survival in cystic fibrosis did not find that differences in nutritional

status explained the different survival of young men and women with

cystic fibrosis (Rosenfeld et al., 1997).

Sickle cell disease is another inherited disorder, and again inheritance

is recessive. It comprises a group of blood disorders that are character-

ised by a deformation of haemoglobin cells in the blood. It is found

particularly in populations from sub-Saharan Africa and in African-

Caribbeans. It is the most common major inherited recessive condition

in the world (Helps et al., 2003) and in this case the disorder is maintained

in the population because in its heterozygous form it protects the affected
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person against the malarial parasite. The heterozygous form is known as

the sickle cell trait. In its homozygous form (HbSS, or sickle cell anaemia)

it is a very serious disorder, with a high mortality in childhood if appro-

priate medical care is not available. Two other common forms of sickle

cell disease are HbSC and HbS-thalassemia, which are somewhat milder

conditions.

Swift et al. (1989) examined the IQ of children with sickle cell anaemia

and their siblings, who had either normal haemoglobin or the sickle cell

trait. The average IQ in the affected children was 78, over 15 points lower

than that of their siblings (94). The use of siblings in the comparison

provides good control for many associated demographic and family var-

iables. More recent studies have also found significantly low IQs, though

the difference has been about 5 IQ points (Knight et al., 1995; Midence

et al., 1996). Deficits more specific to particular neuropsychological

functions have been found on measures of memory (Swift et al., 1989),

attention, executive function and the decoding of emotions (Helps et al.,

2003). There are a number of possible explanations for these deficits in

sickle cell disease, which are not necessarily mutually exclusive. The

deficits could be a result of direct central nervous system damage result-

ing from the cerebral vascular accidents (strokes) that often result from

sickle cell disease. Or they could be related to absence from school or

other educational problems associated with chronic illness. But it is also

possible that they could be partly nutritional in origin, and result from

protein-energy malnutrition or anaemia associated with the illness.

There is certainly evidence for direct central nervous system damage.

Brown et al. (2000) examined a range of intellectual functions in children

with sickle cell disease, and related these outcomes to overt cerebral

vascular accidents in the child’s clinical history and also to ‘silent

infarcts’, which were detected by magnetic resonance imaging (MRI)

scans. Children with MRI evidence of silent infarcts had significantly

lower scores on most of the measures used than children who did not.

There was, however, no control group of a kind that would make it

possible to say that children without this kind of direct central nervous

system damage were unaffected intellectually by the condition, so this

study does not rule out the possibility of there also being deficits caused in

other ways. White and DeBaun (1998) found only two studies of cogni-

tive function in which children with sickle cell disease but without cere-

bral infarcts were compared with siblings without sickle cell disease (Craft

et al., 1993; 1994). In both studies the children were comparable to

controls. Effects of a chronic illness operating through absence from

school were examined by Fowler, Johnson and Atkinson (1985). They

related school achievement to absence from school due to chronic ill
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health in 270 children in North Carolina. The children in the study were

absent on average for 16 days, and there was a wide range in this, from

0 to 164 days. Even so, although there was a clear relationship between

absence from school and poor school achievement in the population in

general at the time, there was no correlation between the two in the

children with chronic health conditions (the conditions included sickle

cell disease).

Direct evidence for nutritional effects in sickle cell disease comes from

studies linking lower IQ in sickle cell disease with poorer growth. Prenatal

growth is normal in infants with sickle cell disease (Knight et al., 1995),

and for the first half of the first year newborn infants are protected against

the effects of sickle cell disease by fetal haemoglobin. So anaemia in the

first six months is unlikely to be a problem, though data on the early

development of children with sickle cell disease are not yet available.

Linear growth is affected over the first year, and children with sickle cell

disease are significantly shorter than controls by 2 years of age (Knight

et al., 1995). Appropriate specialised nutritional support improves their

growth (Heyman et al., 1985). In the children in the study of Knight et al.

the 5 point difference in IQ could not be accounted for by the affected

children being absent from school or by dropping out from school, or by

the occupational status of their parents. Differences in the children’s

growth, as reflected in their heights, did, however, account for the IQ

differences between the groups. This does suggest some nutritional con-

tribution to the poorer intellectual performance of children with this

condition.

6.3 Cerebral palsy

Cerebral palsy is a neurological disorder which leads to problems with

muscular coordination and motor control. It is a congenital but not an

inherited condition, and as we saw in Chapter 4 it is quite common

among children born preterm. In the ALSPAC study 37 children with

cerebral palsy were identified at 4 years in a birth cohort of 13,971, a

prevalence of 2.6 per 1000 (Motion, Northstone, Emond, Stucke &

Golding, 2002). Of these about half (49%) were born preterm.

Infants with cerebral palsy are often found to be small for their age. An

11-year-old boy with spastic quadriplegia described by Cass et al. (1999),

for example, weighed less than an average 2 year old, though this is an

extreme case. The underlying causes of this poorer growth are varied.

Children with hemiplegia (paralysis on one side of the body) are signifi-

cantly smaller on the affected than on the unaffected size (Stevenson,

Roberts & Vogle, 1995), which cannot be a nutritional effect. But
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inadequate nutrition undoubtedly does make a contribution to the poor

growth of children with cerebral palsy. Factors that might contribute to

this include a lack of the motor skills needed for self-feeding, and oral

motor dysfunction, which leads to swallowing difficulties and choking,

and also to problems in communicating hunger and requests for food. In

an important early study Gisel and Patrick (1988) compared the feeding

skills of children with severe cerebral palsy with those of control children

of the same weight. The consumption of purées and solids was examined

separately. Ten bites of each were given, and the average time taken to

swallow the food compared. The children with cerebral palsy took on

average about twice as long to swallow the solids, and three or four times

as long to swallow the purées. In their population-based birth cohort

study Motion et al. (2002) examined the early feeding history of children

who were diagnosed with cerebral palsy at 4–5 years of age; 13% were

described as extremely difficult to feed when they were infants, compared

with 1% in the remainder of the population.

Reilly and Skuse (1992) studied a group of 12 children with cerebral

palsy when they were 2–3 years old, comparing them with 12 control

children of the same age, sex and ethnic group. Only three of these

children were born preterm. Meal-time observations were made in both

groups. The duration of the meals did not differ significantly, but the

children with cerebral palsy were offered about 40% less food and con-

sumed about 45% less. Eight of their 12 mothers said that meal times

were not enjoyable, and six that they were having great difficulty feeding

their children; and the mothers had significantly higher depression scores

on the General Health Questionnaire. The birthweights of the children

with cerebral palsy were average, but over the period to 3 months of age

their weight gain was very poor, and it continued to be poor to 15 months,

by which time their average weight was nearly two standard deviations

below the mean. They were also shorter than average, and lighter for their

lengths. In a subsequent population-based survey by the same authors,

more than 90% of preschool children with cerebral palsy had a clinically

significant impairment of oral motor functions, which was severe in one

third (Reilly, Skuse & Poblete, 1996). Half these children had been born

preterm. In 60% of this sample severe feeding problems had been evident

before the diagnosis of cerebral palsy was made, and almost half the

mothers said that feeding problems were one of the first indicators that

something was wrong. Comparable findings in cerebral palsy have since

been found in a bigger random sample in another area (Sullivan et al.,

2002), and Thommessen et al. (1991) assessed both feeding problems

and growth and energy intake in a group of children with cerebral palsy of

around 5 years of age, and showed that height, weight for height, triceps
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skinfold thickness and upper arm circumference were all significantly

lower in the children with oral-motor impairments.

Malnutrition has a series of adverse effects in children with cerebral

palsy (Sullivan et al., 2000). It decreases muscle strength, reduces the

effectiveness of the immune system and delays the healing of pressure

sores. If it has the same effects as in other children, it may also delay their

development and adversely affect their cognitive abilities (Simeon &

Grantham-McGregor, 1990), though these effects would be difficult to

disentangle from the effects of the underlying neurological impairment on

intellectual abilities. Although it is now well established that malnutrition

is common in children with cerebral palsy, there is good reason to think

that this problem is not routinely dealt with in an appropriate way. In the

Oxford Feeding Study, which investigated feeding and nutritional prob-

lems in children with neurological impairments (93% of the children had

cerebral palsy), feeding problems were very common (Sullivan et al.,

2000); 89% needed help with feeding and 56% choked on food.

Prolonged feeding times of more than 3 hours per day were reported by

28%, and 38% of parents considered their children underweight. Yet the

majority of the children (64%) had never had their feeding and nutrition

assessed.

I have considered in this chapter four clearly identifiable medical

problems that have important nutritional components, but many other

illnesses and physical and other disabilities have adverse nutritional

effects, and many are associated with feeding problems. Although differ-

ent organic conditions may affect feeding in different ways there

are clearly also common elements in the aetiology of feeding problems

across conditions, and in the ways in which they may be successfully

managed. Clinical aspects of these more general problems are considered

by Harris, Blisset and Johnson (2000) and by Kerwin (1999).
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7 Failure to thrive

7.1 Criteria for failure to thrive and its epidemiology

In the UK and many other countries infants are weighed at intervals

through the first year of life. Figure 7.1 shows the weights of an infant

recorded in the first year and plotted on a chart. The lines on the chart are

intended to represent the distribution of weights of infants in the UK as a

whole over the first year of life. Because the distribution differs in boys

and girls, boys and girls have different charts. This was a boy. At birth his

weight lay almost exactly on the 50th centile, i.e. it was very close to the

average for British boys. But his weight gain over the first year was very

slow. By 6 weeks he was below the 2nd centile. Only one or two boys in

100 would weigh less. By a year he was on the 0.4th centile. Only three or

four in 1000 would weigh less.

If this were your child, you would probably be worried. Certainly your

health visitor would be. But what is there, exactly, to be worried about?

One possibility is that the child is ill. Poor weight gain in infancy can be

a sign of a previously undetected physical illness – of cystic fibrosis, for

example. Often, however, it is not, at least in societies in which health and

health care are generally good. But if the child is not ill, poor weight gain

is usually due to inadequate food intake. So one important set of ques-

tions concerns the reasons that underlie the child’s inadequate food

intake. Does it reflect poverty, or neglect, or even abuse? Is it a sign that

the family cannot cope with the proper care of the child for other reasons –

for example, because the mother is depressed? Or is there a problem

with the child – a subtle motor disorder present at birth that interferes

with feeding, for example, or a feeding problem of another kind? A

second important set of questions concerns the consequences of this inad-

equate food intake in infancy. Does it have adverse effects on a child’s

early development, for example, or even an enduring effect on their

later intelligence, in the way that malnutrition in other contexts can,

as we saw in Chapter 5? Does it have developmental sequelae of other

kinds?
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Infants whose weight gain is particularly slow are traditionally referred

to as ‘failing to thrive’. The term is not a very happy one, as it conveys a

sense of failure while lacking any precise reference to the key sign, slow

weight gain. Growth faltering and weight faltering have been suggested as

more appropriate alternatives. The rather more general term ‘failure to

thrive’ does however imply that there is more of a problem than simply a

failure to gain weight, and indeed, there is. Failure to gain weight in

infancy is certainly associated with developmental delay, and perhaps

also with more enduring intellectual deficits.

The growth chart used in Figure 7.1 is based on the 1995 British

growth standard (Freeman et al., 1995; Preece, Freeman & Cole,

1996). The lines of the chart show the median weights of children at

different ages, and the distribution around them. The median is the 50th

centile, and the other lines on the chart show the 25th, 9th, 2nd and 0.4th

centile. This apparently rather odd spacing is a result of these centile lines

being chosen to be two thirds of a standard deviation apart (Cole, 1994)

so that they can also be read as SD or z score lines. The chart thus neatly
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Figure 7.1 Weight of an infant male over the first year (Parkinson,
1998). The centile lines are from the UK 1995 growth reference chart.
Published with permission of the author.
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combines the two different ways of referring to the spread of weights in a

population. If an infant’s weight is plotted on the growth chart it is

possible to see at once whether their weight is low for their age. A tradi-

tional criterion for failure to thrive based on the child’s weight would be

an attained weight that puts the child below the 3rd or 5th centile for

weight, taking into account their age and sex. The exact centile used tends

simply to depend on which growth chart was in use at the time of the

study: most earlier charts have shown the 3rd or the 5th centile, rather

than the 2nd.

A criterion for failure to thrive of this kind is analogous to those used to

identify malnutrition internationally that we dealt with in Chapter 5,

except that it is a weight-for-age rather than a height-for-age criterion.

This kind of criterion is generally acceptable if its only purpose is to

distinguish better nourished from less well nourished infants, but it is

important to appreciate it does not distinguish slow weight gain before

birth from slow weight gain after birth. A low weight for the child’s age

could result either from a low birthweight or from a slow weight gain after

birth, or from a combination of the two. Immediately after birth, for

example, an attained weight below the 3rd centile almost entirely reflects

a poor prenatal weight gain. At 9 months it reflects equal periods of

prenatal and postnatal weight gain. The distinction between poor prena-

tal and poor postnatal weight gain, however, is a very important one.

Firstly, quite different explanations are needed for poor growth before

birth and poor growth after birth, as the causes of the two are quite

different. In particular, a child’s own feeding behaviour, or the way they

are fed by their mother, can only affect their growth after birth. Secondly,

we already have good evidence that low birthweight is associated with

poorer intellectual development, so to examine specifically the relation-

ship between slow weight gain after birth and later development requires

careful attention to the distinction between slow weight gain before and

after birth. Traditionally these problems have not been dealt with well,

and groups of infants identified as failing to thrive have generally also had

lower than average birthweights (Sherry, 1999), confusing two different

causes of a low weight for age.

To identify infants whose growth after birth has been poor requires a

criterion based on weight gain rather than on attained weight at a

particular age. This has led to criteria based on a declining relative

position on growth charts, generally referred to as ‘crossing down over

centiles’. The boy whose weight is plotted in Figure 7.1 has an average

birthweight, but his weight ‘crosses down’ over the centiles illustrated

on the chart. This approach is correct in spirit, but children whose

birthweight is low gain weight faster than children whose birthweight
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is high (Fergusson, Horwood & Shannon, 1980). So infants born rela-

tively light tend to increase their centile position over time, moving

upwards across centiles, while infants born relatively heavy tend to

decrease it, moving downwards over centiles (Cole, 1998; 1993;

1995). This means that the child’s birthweight needs to be taken

into account in assessing their weight gain, as well as their age and sex.

There is no simple way in which this can be done using a traditional

growth chart. Procedures for doing so were first outlined in principle by

Healy (1978), and they were developed into a workable method for

identifying children who fail to thrive by Wright and her colleagues

(Wright et al., 1994) and by Cole (1995; 1996). The usual growth charts

allow one to compare the weight or length of a child with that of other

children of the same age and sex. To assess weight gain in the period

after birth we need to compare the child’s weight gain with that of other

children of the same age, sex and birthweight. Essentially this would

require different growth charts for children of different birthweights; in

practice, computer-based methods have generally been used in research

instead.

As we saw in Chapter 6, children may grow poorly because they are ill.

Cystic fibrosis can lead to poor weight gain because infants with cystic

fibrosis cannot absorb fats and proteins effectively, and cerebral palsy can

lead to poor weight gain because it adversely affects oral-motor skills and

food intake. Failure to thrive in infancy can be one of the earliest signs of

both conditions. There are many other medical conditions that result in

poor growth (Kessler & Dawson, 1999) and one of the reasons for the

routine monitoring of an infant’s weight is to detect previously unde-

tected medical conditions of this kind. But in many infants poor weight

gain is not due to any known medical condition. Wright and colleagues

identified every child born in Newcastle-upon-Tyne over a one year

period who met rigorous criteria for failure to thrive in the first year

(Wright, Waterston & Aynsley-Greene, 1994; Wright et al., 1994). The

children were subsequently followed up and their medical histories exam-

ined when they were 7–9 years old (Drewett, Corbett & Wright, 1999).

Less than 10% had had medical conditions that accounted for their poor

weight gain. The diagnostic yield of laboratory tests in the investigation of

children who fail to thrive is also typically very small (Berwick, Levy &

Kleinerman, 1982; Rider & Bithoney, 1999). Berwick et al. reviewed

hospital records of 122 infants admitted to a teaching hospital in the

USA with a ‘diagnosis’ of failure to thrive with no obvious cause at the

time of admission. In all, 4827 diagnostic tests were carried out on this

group of infants, averaging 40 tests per child. Of these, 39 (0.8%) made a

positive contribution to the eventual diagnosis. Clearly identified medical
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conditions were found in about a third of the infants (31%). The com-

monest were gastroesophageal reflux (13%) and chronic diarrhoea (8%),

both of which are ‘functional’ disorders rather than specific medical

diagnoses. Only 10% of the cases had abnormalities that were more

specifically identifiable. While exact figures are not available, there are

clearly quite large numbers of children with poor weight gain that is not

due to an identifiable illness or other medical condition. The term

‘organic’ has traditionally been used of failure to thrive in which there is

clear evidence of an underlying medical cause, and ‘non-organic’ in cases

in which there is not. We will concern ourselves principally here with

children in the latter group, though the distinction is not always an easy

one to make.

What sort of family is likely to have a child who fails to thrive? The

common assumption is that they are likely to be poor families (Frank &

Zeisel, 1988; Kessler, 1999). Frank and Zeisel (1988), for example, say

that ‘poverty is the most important single social risk factor for failure to

thrive, because of the close association between poverty and childhood

malnutrition’ (p. 1194). Lachenmeyer and Davidovicz (1987) state that

‘Studies report that FTT families often come from low socio-economic

background. . .’ (p. 345). But these authors go on to note, correctly, that

in fact ‘Most of these studies . . . studied only a low SES group.’ To

establish the relationship between failure to thrive in infancy and socio-

economic conditions requires an epidemiological study, in which all

infants from all socio-economic groups who meet an appropriate criterion

for failure to thrive are identified and the characteristics of their families

examined. Children identified as failing to thrive in clinics or hospitals do

not provide a satisfactory sample for this purpose, as there is good

evidence that the identification of children as failing to thrive in routine

clinical care is not an unbiased procedure; even when they have a similar

pattern of slow weight gain, the term is more likely to be used of children

living in poorer circumstances (Batchelor & Kerslake, 1990), reflecting,

no doubt, the widespread belief that failure to thrive is associated with

poverty. The belief is not unreasonable, as internationally malnutrition in

young children is associated with poverty. But this is not a safe basis for an

assumption that failure to thrive in industrialised countries is also asso-

ciated with poverty.

The first published epidemiological study that really threw light on the

relationship between failure to thrive and material deprivation was by

Wright, Waterston and Aynsley-Green (1994). They examined weight

gain over the first year in a one-year birth cohort of infants born in

Newcastle-upon-Tyne and still living there in their second year in

November 1989. The child’s local area of residence was classified as

Failure to thrive 127



affluent, intermediate or deprived; the classification was based on

Townsend scores, which summarise census data on home ownership,

overcrowding, car ownership and unemployment rates. Children were

identified as failing to thrive if their weight gain was relatively poor over

the first year of life (weight gain below the 5th centile nationally, from

about 6 weeks to about 12 months). Compared with the intermediate

areas, there were twice as many such children in the most deprived areas.

But, unexpectedly, failure to thrive was also more common in the most

affluent areas. In this study it was the child’s area of residence that was

classified, rather than their family itself. A subsequent study of the same

relationship (Blair et al., 2004) reported results from a large population

cohort of 11,718 infants, and again examined the infants below the 5th

centile for weight gain allowing for birthweight. In this study the families

were classified individually, and the results are shown in Figure 7.2. The

rates of failure to thrive identified using this criterion were 5.2% in social

class I, 4.1% and 4.2% in social class II and IIIN, 5.1% in social class

IIIM, and 5.3% in social class IV and V combined. There was no statisti-

cally significant difference between social classes. Nor were there any

relationships with the educational attainments of the child’s parents. The

available epidemiological data agree, then, that in the UK at any rate

failure to thrive is not more common in materially disadvantaged families

than in better-off families. Other explanations must be sought for the

poor weight gain of the infants.
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128 The Nutritional Psychology of Childhood



7.2 Explanations of failure to thrive

The obvious explanation for poor weight gain in an infant who is not ill is

inadequate food intake, so an obvious approach to take is to examine food

intake in children who fail to thrive and control children, and try to

identify a food deficit. But as we saw in Chapter 1, this is much harder

in practice than it might seem in theory, because of the difficulty involved

in making precise measurements of food intake over extended periods of

time in ordinary living conditions. Pollitt (1975), and Pollitt and Eichler

(1976) examined dietary intake in a group of 19 children who failed to

thrive and 19 controls, when the children were on average about 3 years

old. They recorded an estimated intake of 1700 calories (7113 kJ) in the

cases and 1400 calories (5858 kJ) in the controls. The difference was

statistically significant, but the determinations were not made blind to

the child’s group and were based on a method (24-hour dietary recall)

that can be seriously inaccurate (Bingham, 1987). Heptinstall et al.

(1987) reported no differences in mean food intake between 4-year-old

cases and controls, comparing both daily energy intake reported by

mothers and energy intake recorded by observers at a test meal. But in

younger children who fail to thrive there is clear evidence of lower energy

intake at test meals (Drewett, Kasese-Hara & Wright, 2002). In this study

food intake was measured by the weighing of foods of known energy

density, which gives very accurate measurements of intake at individual

meals. Mean energy intake from foods was 30% lower in the cases than

the controls. This result has subsequently been replicated in a second

independent sample (Parkinson, Wright & Drewett, 2004).

The other relevant source of evidence comes from nutritional inter-

ventions. If failure to thrive is attributable to low food intake interventions

to increase food intake should improve the infant’s weight gain. An

historically very important study of this kind was by Whitten and col-

leagues (Whitten, Pettit & Fischhoff, 1969). They set out to examine the

then prevalent notion that growth failure in infants sometimes resulted

from ‘maternal deprivation’, even when food intake was adequate. There

are two general problems with this suggestion. One is that if growth is

poor while energy intake is normal the excess energy has to go some-

where. It is always possible to make suggestions, for example, that the

energy might be lost from the gut through a failure of absorption, or it

might be lost as heat through inefficient utilisation, but no convincing

evidence has ever been provided in support of any of these. The second

general problem is showing that food intake is, in fact, adequate, given the

difficulties in measuring food intake reliably. In an imaginative attempt to

circumvent these problems Whitten, Pettit and Fischhoff examined the
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response of infants hospitalised with growth failure to increased energy

intake. One group was adequately fed in hospital, but kept in very

deprived conditions. Over a two-week period they were confined in a

windowless room, ‘were not talked to, smiled at or held for feeding,

and with the exception of infrequent brief visits by parents, were only

handled for basic physical care’. In spite of this treatment, most of the

children gained weight rapidly, which strongly suggests that their poor

growth was indeed a result of inadequate food intake.

Another intervention study took the form of a cluster-randomised

controlled trial (Wright et al., 1998). Children in Newcastle-upon-Tyne

who failed to thrive were identified by a population screening programme

over the two-year period from October 1991; 20 of the 38 primary care

teams in the area (the ‘clusters’) were randomly allocated to take part in a

programme which comprised specialist health visitor and dietetic inter-

vention with an emphasis on dietary problems. Infants under the remain-

ing primary care teams were used as controls. Weight gain was

significantly better in the intervention than the control group. There is,

therefore, reasonable evidence suggesting that slow weight gain in infants

who fail to thrive for no identifiable medical reasons is due to low food

intake, and there is, at the moment, no other plausible explanation for it

in the majority of children.

If we assume that failure to thrive is generally attributable to low food

intake, the question then arises: why is the infant’s food intake so low? As

we saw in Chapter 6, the weight gain of children with cerebral palsy can

be very poor as a result of motor disorders which interfere with their

eating. An analogous though less obvious motor disorder has been attrib-

uted to some children who fail to thrive (Mathisen et al., 1989). Reilly

et al. (1999) subsequently themselves commented that only tentative

conclusions can be drawn from this study, as the sample size was small

and the children had been identified for the study by health visitors; this

can lead to a preferential selection of children with feeding problems as

feeding problems tend to be very troublesome for parents (Batchelor &

Kerslake, 1990). In the later study by the same authors (Reilly et al.,

1999), however, 47 children who failed to thrive were identified by

screening all infants born in 1986 in participating practices and clinics

in an inner-city health district in London. Their feeding skills were

investigated using a screening version of the Schedule for Oral-Motor

Assessment (SOMA) described by Skuse et al. (1995). The SOMA was

developed to allow objective assessment of the oral-motor skills involved

in feeding behaviour in children 8–24 months old. This is the weaning

period, in which children gradually progress from a milk-based diet to one

based on the kinds of solid foods characteristically taken by older children
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and adults. Reflecting this progress, the SOMA uses a series of ‘oral-

motor challenges’ using liquids, purées, semi-solids and solids given with

a spoon, and other solids requiring biting and chewing such as crackers

and apples. Oral-motor responses to the foods are rated in detail using

video-tapes of the feed. Normal responses to a purée, for example, would

involve the lower lip drawing inwards around the spoon; the upper lip

removing food from the spoon; and either lip being used to clean food off

the spoon. In this group of 47 children who failed to thrive 17 were said to

show significant oral-motor disorder. Interesting though this finding is, it

is hard to interpret these figures in the absence of a control group of

children whose weight gain was normal. The same comment applies to a

subsequent study of a similar kind (Ramsay, Gisel & Boutry, 1993).

One of the known causes of failure to thrive in infancy when it is

associated with an underlying medical condition is gastro-oesophageal

reflux; in the study of Berwick et al. (1982) discussed above it was the

commonest identifiable medical condition associated with failure to

thrive in a group of infants admitted to hospital. In gastro-oesophageal

reflux the sphincter at the bottom of the oesophagus allows regurgitation

of the acid contents of the stomach back up the oesophagus, leading in

severe cases to the painful condition of oesophagitis (inflammation of the

oesophagus). It is a common condition of infancy, which in most children

resolves by 2 years of age. Mathisen et al. (1999) compared 20 6-month-

old infants with oesophagitis and 20 control infants using the same

observation procedures as she used in her earlier studies of failure to

thrive (Mathisen, Skuse, Wolke & Reilly, 1989). The children with reflux

were quite severely affected. All 20 vomited during the test meal, more

than half had respiratory symptoms and most cried and were miserable

during feeds. Energy intake measured at meals was significantly lower

than in the controls; 16 of the 20 children had moderate or severe oral-

motor dysfunction as assessed from the videotaped feeding assessment

schedule, while none of the controls did. The dysfunction affected all the

(49) components of the child’s oral-motor function that were assessed.

Gastro-oesophageal reflux involves no central nervous system abnormal-

ities, so clearly high scores on this kind of oral-motor feeding assessment

do not necessarily indicate a central nervous system or neurophysiological

abnormality, although they certainly show abnormalities in feeding

behaviour. The distinction between abnormalities of feeding behaviour

attributable to defective motor skills, as in cerebral palsy, and abnormal-

ities of feeding behaviour of other kinds, is an important one, and it is not

always made as clearly as is desirable. The title of the paper by Ramsay

et al. (1993) refers to ‘growth failure secondary to feeding skills disorder’

and the summary proposes that this disorder ‘is neurophysiological in
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origin’. However, the criterion used in this paper ‘to make a diagnosis of

feeding skills disorder’ required the persistent presence from birth or soon

after of two or more symptoms from a list of four. The first symptom is an

abnormal duration of feeding time. The second is ‘poor appetite’. The

third is ‘delayed texture tolerance’ and the fourth ‘deviant feeding behav-

iour’, which include ‘refusing breast, bottle or solids, falling asleep, being

easily distracted’ and ‘fussy eating’. All four were very common in chil-

dren who failed to thrive. None of these symptoms, however, unambig-

uously reflect a deficit in feeding skills, so we need to consider feeding

problems of a much more general kind. And to judge by reports from their

mothers, children who fail to thrive often do have feeding problems of

other kinds. They were reported in about twice as many cases as controls

in the study of Drewett, Corbett and Wright (1999) and have been

reported in many other studies (Altemeier et al., 1985; Iwaniec &

Herbert, 1982; Kotelchuck & Newberger, 1983; Mathisen et al., 1989;

Pollitt & Eichler, 1976; Tolia, 1995; Wilensky et al., 1996; Wright &

Birks, 2000).

The study of Wilensky et al. (1996) was based on a whole population

birth cohort in Israel and describes in some detail the nature of the feeding

problems involved. The children who failed to thrive were described as

less likely to show hunger, less likely to eat a variety of foods, less likely to

show pleasure and more likely to be nervous at mealtimes, and to close

their mouth, turn their head and spit out food. These sound like indica-

tions of a low appetite, rather than problems with feeding skills, but to

further examine their nature objectively requires more detailed investiga-

tion. A study of mealtime behaviour in 1-year-old children who failed

to thrive was carried out by Drewett, Kasese-Hara and Wright (2002) and

involved direct observation of the children’s behaviour during their

meals. The children were studied over the weaning period, when feeding

behaviour is in transition between infant and childhood modes, so pro-

cedures for coding two types of mealtime behaviour were required.

Firstly, the child can be fed by his/her mother, and the child can accept

or refuse the foods offered. Second, the child can feed him or herself, with

the mother assisting their feeding, perhaps, by handing the child food to

eat. A coding scheme developed by Young and Drewett (2000) and

Parkinson and Drewett (2001) was designed to code for both types of

feeding. In the study of Drewett, Kasese-Hara and Wright (2002), 28

children who failed to thrive were identified by a weight gain below the

5th centile over the first year of life, and 28 controls selected from

the same local geographical area. A meal was given in the usual way by

the child’s mother in their own home, but made up of foods of known

energy density to allow accurate determinations of food intake to be
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made. As noted above, the children who failed to thrive did take signifi-

cantly less food in at the meal. Analysis of the behaviour of the mother and

infant during the meal showed, however, that this was not because the

mothers did not offer as much food; indeed they offered food more often

than the control mothers. The children who failed to thrive refused the

food that was offered more, and they also fed themselves less.

A further investigation of the same children examined their energy

regulation, using the same kind of procedure as in Birch (1986), but

adapted for use in younger children who were still being fed by their

mothers (Kasese-Hara, Wright & Drewett, 2002). In this study the effect

of a high energy drink given before the meal on food intake during the

meal was examined. The children were fed by their mothers in the usual

way on two days, but using foods of known energy content. The food

intake of the children was carefully measured, and any spilt food taken

into account. On one of the two days a high energy drink (402 kJ) and on

the other day a low energy drink (1 kJ) was provided half an hour before

the meal. These were made up by an independent pharmacist, and given

double blind (their energy content unknown either to the mother or to the

experimenter). The control children in this study showed exactly the

same energy compensation as older children did in the study of Birch

(1986). Their food intake at the test meal was reduced on average by

1.18 kJ for every 1 kJ taken in the drink before the meal. The children who

failed to thrive, on the other hand, showed no compensation at all –

indeed their energy intake at the meal was somewhat greater following

the high energy drink. While this result does not in itself show why

these children were gaining weight so slowly, it does suggest that they

have abnormal appetite characteristics, and a number of other studies

have suggested that children who fail to thrive have low appetites. This

may be the problem in the ‘contented’ underfed breast-fed babies who fail

to thrive (Davies, 1979; Habbick & Gerrard, 1984). These are infants

that look undernourished but appear satisfied after feeds, and go for long

intervals between feeds, sleeping well at night. Another recent study has

shown that cytokine (interleukin 6) levels are raised in children who fail to

thrive, and cytokines have been shown to suppress appetite (Shaoul et al.,

2003). Children with a history of failure to thrive as infants also rate their

own appetites as low compared with their friends’ when they are 12 years

old (Drewett, Corbett & Wright, 2006).

Appetite problems in the infant may make some contribution to their

slow weight gain, but traditionally it has generally been assumed that the

child’s mother also has a role in the development of the condition. It has

even been assumed to be related to child abuse or neglect (Kotelchuck,

1980), though the evidence for this has never been very clear, perhaps
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partly because the association is a difficult one to investigate. Again it

requires a population-based study, preferably of all infants who meet the

criterion for failure to thrive in a specified community. A recent study of

this kind is reported by Skuse et al. (1995). This study was based on a

further investigation of the 47 children in the 1986 London cohort

referred to above (Reilly et al., 1999). Four years later (in 1990) informa-

tion was gathered on all children born in 1986 living in the Southwark and

North Lewisham Health District who had been subjects of a case confer-

ence, been placed on a Child Protection (‘at risk’) register, taken into

care, on a place of safety order or subject to wardship proceedings, all of

which are suggestive of child abuse or neglect. Over this four-year period

96 children from the original birth cohort of 2609 (4%) fell into one of

these categories, and these included 6 of the 47 children who failed to

thrive (13%). An entry onto the Child Protection Register was about four

times as likely if the child failed to thrive. While this does suggest an

association with child abuse or neglect it was in only one in eight (13%) of

the children who failed to thrive that this independent evidence of child

abuse or neglect was found, and even this may be an overestimate,

because failure to thrive was explicitly mentioned as one of the indicators

of neglect in the local multidisciplinary guidelines used in the District at

the time, and neglect was specified as a ground for concern in five of the

six cases (the sixth was a case of physical and suspected sexual abuse).

The authors do state that non-organic failure to thrive was never the only

reason for concern, but it may nonetheless have been an important reason

for the child’s registration. If failure to thrive was a sign that led to the

child being registered in the first place it is not surprising that failure to

thrive is associated with being on the register. I am not, of course, imply-

ing that slow weight gain in infancy is never to be found as a result of child

abuse or neglect. It is the extent of the association between the two that

we are concerned with.

Another possibility is that failure to thrive is associated not with child

abuse or neglect per se but rather with subtler differences in the interaction

between the infant and their carer (generally, at this age, their mother).

Theories of this kind became dominant in the 1960s, when the work of

Ainsworth and Bowlby focussed particular attention on the importance of

mother–infant attachment. Attachment to the primary caregiver develops

over the period from 8 to 12 months, and is now usually measured in the

second year of life using the ‘strange situation’ (Ainsworth et al., 1978;

Ainsworth & Wittig, 1969). In the strange situation the mother and infant

are left together in a room, the mother sitting quietly while the infant

plays. A stranger enters and talks to the mother. Then the mother leaves.

The mother returns and the stranger leaves. Then the mother leaves
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again. The stranger re-enters the room, and finally the mother re-enters.

The strange situation involves both stranger anxiety and separation anxi-

ety and is moderately stressful for the infant. Based on the child’s

responses their attachment can be classified as secure or insecure. In a

more detailed classification insecure attachment is subdivided into avoi-

dant, resistant and disorganised attachment. It has been suggested that

failure in the development of attachment may result in failure to thrive

(Casey, 1999), and a substantial body of work has investigated attach-

ment in children who fail to thrive. This is a valuable body of work

because attachment has been systematically assessed using the same

objective and well-validated procedures in a number of different studies.

The first was by Gordon and Jameson (1979; Kotelchuck, 1980), and

there have been five subsequent studies (Chatoor et al., 1998; Coolber &

Benoit, 1999; Skuse, Wolke & Reilly, 1992; Ward, Kessler & Altman,

1993; Ward, Lee & Lipper, 2000).

With a single exception (Skuse, Wolke & Reilly, 1992), these studies do

show a higher level of insecure attachment in the infants who failed to

thrive. But it seems unlikely that insecure attachment itself can be a cause

of the failure to gain weight satisfactorily in children who fail to thrive.

Studies that have examined failure to thrive in whole populations have

generally found that the child’s weight gain is poor from birth (Altemeier

et al., 1985; Drewett, Corbett & Wright, 1999; Skuse, Wolke & Reilly,

1992). Since attachment does not develop until late in the first year, the

child’s poor weight gain cannot simply be a result of insecure attachment,

and some other explanation of the association found between the two in

the studies cited above is needed.

One possibility is that the relationship is artifactual, and results from

the way in which the cases are selected. Failure to thrive is often unde-

tected (Batchelor & Kerslake, 1990; Batchelor, 1996; Wright et al.,

1998), and when it is detected not all children with the condition are

referred for specialist care. Both the initial detection and later referral

involve decisions that go beyond a simple assessment of the child’s weight

gain, and might include, for example, informal assessment of the child’s

developmental progress, social circumstances and responsiveness to

management (Batchelor & Kerslake, 1990; Drotar, 1990). There is,

therefore, a possibility that the greater prevalence of insecure attachment

in the children who fail to thrive who took part in these studies is a

consequence of the use of clinically referred samples, which may have

included more children from families with additional problems. This

possibility is made more plausible by the fact that in the only study that

screened a whole population for children who failed to thrive (Skuse, Wolke

& Reilly, 1992) there was no difference at all between the cases and
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controls in attachment patterns. It should be noted, however, that this

study did not use the strange situation to assess attachment patterns, but a

modified and less stressful procedure which has not been clearly validated

(Melhuish, 1987; 1993).

A second possibility is that it is a precursor of insecure attachment,

already present at or soon after birth, that underlies failure to thrive. The

obvious possibility is to be found in maternal sensitivity, which has been

shown in a range of studies to be associated with insecure attachment on

the part of the infant (De Wolff & van IJzendoorn, 1997). There is,

indeed, evidence that in clinic-based samples of children who fail to thrive

traditional measures of maternal sensitivity do show less sensitivity than

controls (Drotar et al., 1990). A rather similar relationship has been

found in a population-based study in a poor area of Chile with a high

prevalence of undernutrition in childhood, where Valenzuela (1990) has

examined the relationship between attachment and nutritional status in

detail. Children whose weight was below 90% of that expected for their

age were identified by screening via data routinely collected in well baby

clinics, avoiding any problems associated with clinically referred samples.

Control children were selected from families within the same socio-

economic categories, and were not significantly different on any meas-

ured family characteristic. Of the 41 underweight children, only 7% were

securely attached, while of the 40 control children, 50% were securely

attached, a highly significant difference. Valenzuela subsequently pub-

lished data on maternal sensitivity in the same sample (Valenzuela,

1997). This part of the study used a maternal sensitivity scale of

Ainsworth, Bell and Stayton (1974). There were striking differences in

maternal sensitivity rating between the mothers of the adequately nour-

ished children, with a mean rating of 5.6 (between ‘inconsistently sensi-

tive’ and ‘sensitive’) and the mothers of the chronically undernourished

children, with a mean rating of 2.0 (between ‘insensitive’ and ‘highly

insensitive’). These ratings were made when the children were 18 months

old, so it is theoretically possible that the differences they reflect could

result from the child’s malnutrition rather than causing it. If the rated

insensitivity did precede the child’s malnutrition, it might account for it,

since a lack of sensitive and appropriate responding to the child’s hunger

cues would obviously not help their feeding. This might be especially

important in children with poor appetites.

Another possibility that has received a good deal of attention is that

failure to thrive might result from mental health problems in the child’s

mother. Early studies in this area were carried out before research proce-

dures were very sophisticated, and did not use validated assessment

instruments. For example, Fischhoff, Whitten and Pettit (1971) carried
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out a psychiatric study of the mothers of infants 3–24 months old with

growth failure attributed to the ‘maternal deprivation syndrome’; 12

mothers were examined. Of the 12, two were described as ‘psychoneur-

otic’ and each of the other 10 as having a ‘character disorder’. The criteria

used to identify these character disorders were not clearly explained (one

mother was said to wear ‘very tight-fitting clothes’ and ‘an excessive

amount of make-up’). No control mothers from similar backgrounds

were examined, and assessment was obviously not blind to the child’s

clinical condition. An early study using a reasonable methodology (Polan

et al., 1991) did find more psychopathology in the mothers of children

who failed to thrive, but other studies did not (Benoit, Zeanah & Barton,

1989; Iwaniec, Herbert & McNeish, 1985; Kotelchuck & Newberger,

1983; Pollitt, Eichler & Chan, 1975; Skuse, Wolke & Reilly, 1992;

Wolke, Skuse & Mathisen, 1989). Many of these were based on rather

small samples.

A large-scale study of the relationship between failure to thrive and

maternal depression was carried out by Drewett et al. (2004), as part of

the ALSPAC study, which sought to enrol all infants born to women

living in what was then the Avon Health Authority area with an expected

date of delivery between 1 April 1991 and 31 December 1992. Children

from over 80% of the known births were successfully recruited into the

study, a total cohort of nearly 14,000. Weights were recorded for most of

these children at birth, about 6 weeks and about 9 months. Symptoms of

depression in the mothers were also recorded using the Edinburgh

Postnatal Depression Scale (EPDS), both at about 18 and 32 weeks of

pregnancy and after the birth, when the child was 8 weeks and 8 months

old. Infants were identified as failing to thrive if their weight gain put them

in the slowest gaining 5%. Any with congenital illnesses or abnormalities

were excluded.

Standard psychiatric diagnostic instruments, such as those designed to

reflect the criteria used in the Diagnostic and Statistical Manual of the

American Psychiatric Association, generally dichotomise people into two

classes, for example those who are diagnosed as having a major depres-

sion and those who are not. But the Edinburgh Postnatal Depression

Questionnaire does not dichotomise women into two classes; rather it

provides a scaled score of depression symptoms with a possible minimum

of 0 and a possible maximum of 30. If women score high on the scale it is

probable that they have a clinically diagnosable depression. The proba-

bility (the positive predictive value) is greater than 65% if their score is 12

or more, and greater than 85% if it is 15 or more (Murray & Carothers,

1990). In the ALSPAC cohort, the prevalence of depression (scores

greater than 12) among the mothers was 10.2% eight weeks after the
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birth and 8.8% eight months after the birth. The rates of failure to thrive

in the infants of the depressed mothers were 5.0% in mothers depressed

at eight weeks and 4.3% in controls. In the infants of mothers depressed

at eight months the rate was 4.3% in both groups. At neither age was the

difference statistically significant. Nor did significant differences emerge

if the more stringent criterion for depression was used (an EPDS score of

15 or more). This result was based on large numbers. Over 1000 women

met the criterion for depression at eight weeks, and over 500 infants met

the criterion for failure to thrive over the first year.

Infants born preterm are particularly difficult to care for, and one might

expect an association between maternal depression and failure to thrive to

be particularly likely in infants born preterm. An interaction of this kind

has been found for insecure attachment, for example. Poelmann and

Fiese (2001) found that maternal depression is associated with insecure

attachment in infants if they are born preterm, but not if they are born at

term. The infants born preterm in the ALSPAC study (Drewett et al.,

2004) were substantially more likely to meet the criterion for failure to

thrive than infants born at term. Their mothers were also more likely to be

depressed. But again there was no significant association between failure

to thrive in the infants and depression in their mothers. A similar result

was reported by Kelleher et al. (1993). They followed up about 900

infants born preterm at eight large university medical centres in the

USA over a nine month period. The mental health of their mothers was

assessed at three time points, one, two and three years after the birth,

using the General Health Questionnaire, which in spite of its title assesses

mental rather than general health. Nearly 20% of the infants were iden-

tified as failing to thrive, but there was no association between failure to

thrive in the infants and poor mental health in their mothers.

O’Brien et al. (2004), however, did find a relationship between failure

to thrive and maternal depression in another study. This study involved

the identification by health visitors of all children of up to 2 years of age

in North Staffordshire whose weights ‘fell across 2 centile channels’ or fell

below the 2nd centile. They were compared with control children iden-

tified from the district child health computer system who were matched

on age, sex, ordinal position and postcode location. The groups were

large (196 case children and 567 controls). The mothers of the children

were compared initially with the EPDS and with the Hospital Anxiety

and Depression Scale (HADS) and then, if they met a screening criterion,

with a clinical diagnostic interview for depression (CIS-R). Significantly

higher levels of depression were found in the mothers of the children who

failed to thrive. This was reflected both in higher numbers of mothers

with scores above the threshold on the EPDS (and the HADS anxiety
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scales) and in higher numbers of mothers with a diagnosed ‘depressive

episode’ on the diagnostic interview. The proportion with a depressive

episode was 11.1% in the control mothers and 21.4% in the case mothers.

The study was carefully designed and carried out, and it is hard to explain

why its results differ from those of the other large studies of this associ-

ation (Drewett et al., 2004; Kelleher et al., 1993). Although a screening

instrument, such as the EPDS, tends to detect more potential cases of

depression than are confirmed using a diagnostic instrument such as the

CIS-R, the difference is not attributable to the way depression was

assessed. The association in this study was found with the EPDS as well

as with the CIS-R, and the EPDS was the instrument used in Drewett

et al. (2004). One problem may be the extent to which the health visitors

actually identified all the children meeting the specified criteria for failure

to thrive. In fact, in the control group 9% of the children met these criteria.

This is a very high proportion, and might suggest that large numbers of

cases were not identified by the health visitors. If so, it would be consis-

tent with what is known from studies in other areas (Batchelor &

Kerslake, 1990) if those who were identified differed in other ways from

those who were not – they might, for instance, have mothers who were

more likely to be depressed.

There are, however, now three studies in developing countries which

also show a relationship between maternal mental health and malnutri-

tion in infants (Anoop et al., 2004; Patel, DeSouza & Rodrigues, 2003;

Rahman et al., 2004). In the first of these studies, in Goa in India, 171

mother–infant pairs were studied. Infants were weighed and ‘lengthed’ at

6 months, and the mental state of the mothers assessed using the EPDS

translated into Konkani, the most widely spoken language of Goa. Of the

mothers, 22% met the criteria for postnatal depression. The weights and

lengths of the infants of these mothers were significantly lower at 6

months, after taking into account their birthweights and a range of

other variables. The second study was carried out in Vellore, also in

India (Anoop et al., 2004). Here infants were monitored with monthly

weighings in 85 villages as part of a community development programme.

From the central register, 72 infants malnourished in the second half of

the first year and 72 matched controls were identified. Postpartum

depression was identified using the Structured Clinical Interview for

DSM-III-R depression, and was about five times more common in the

mothers of the malnourished infants. Malnutrition was also associated

with low maternal intelligence. In the third study, in Pakistan (Rahman

et al., 2004), 172 consecutive infants and their mothers attending for

immunisation against measles were recruited over a three-month period.

The infants were weighed, and maternal mental health was assessed using
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the WHO SRQ-20, a self-report questionnaire designed to identify men-

tal distress in the community. Comparisons were then made between

infants with weights below the 3rd centile of the NCHS/WHO growth

reference (there were 82) and those with weights above the 10th centile

(there were 90). Depression is very prevalent in rural Pakistan, affecting

about half the women in two earlier studies. In this study the prevalence

of mental distress was 40%, although a high cut-off was used, meaning

that a high proportion of the women would have been suffering from

clinically significant symptoms. Undernutrition was also common; 48%

of the infants were below the 3rd centile for weight of the reference

population. Here the infants of mothers with poor mental health were

two to three times more likely to have weights below the 3rd centile. This

effect remained even after adjusting for relevant confounders, including

the child’s birthweight, the number of children in the family and their

socio-economic status.

It is a striking possibility that in countries in which malnutrition is

widespread, maternal mental health may be an important determinant

of the nutritional status of young children. But there is little evidence at

the moment for a similar important role for maternal mental health

problems in the UK or other industrialised countries. Indeed, we have

no clear explanation for the slow weight gain of infants who ‘fail to thrive’

in these countries. Although it is unlikely that a single explanation will

suffice for all children, even when identifiable medical illnesses have been

excluded, there is evidence from various sources that as a group children

who fail to thrive have lower appetites and resist normal feeding more. It

is possible that this interacts with the way the child is cared for – for

example, that it needs a particularly sensitive kind of maternal care if the

child’s weight gain is not to be adversely affected.

7.3 Developmental delay and later cognitive outcomes

Failure to thrive in infants in industrialised countries is clearly related to

the protein-energy malnutrition found in children in less developed

countries. It tends not to be so severe, and its causes are not necessarily

the same: poverty and infectious diseases (and perhaps depression too)

have a much bigger role in malnutrition in infancy in poorer countries.

But whatever the underlying causes of slow weight gain in infants who fail

to thrive in industrialised countries, the possibility that it might also

be associated with sufficiently poor nutrition to adversely affect the

child’s intellectual development is a serious one. It was first raised in

1968 (Glaser et al., 1968) and has been the subject of considerable

research since.
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To be convincing, research into this possibility must meet a number of

requirements. The first concerns the criteria for identifying failure to

thrive. In clinical practice the criteria often involve not only slow weight

gain but also a more general developmental delay. Clearly if children are

recruited into a study because they are developmentally delayed, they will

be found to be developmentally delayed, so for research purposes it is

important that purely anthropometric criteria are used to identify the

children. The second concerns the population from whom the cases are

sampled. In most early work they were identified via clinical services, and

therefore comprised children who failed to thrive and who had been

identified and referred to the clinical services concerned. But there is

good evidence that this identification and referral process tends to be

focussed on children from poorer circumstances, and it may well be

biased in other ways: for example, children who are developmentally

delayed may be identified or referred more readily. Substantial advances

in this area came with attempts to study all the children in a population

who met anthropometric criteria for failure to thrive, rather than only

those already identified through clinical services (Mitchell, Gorrell &

Greenberg, 1980; Skuse, 1993). The third requirement concerns appro-

priate control groups. Because low birthweight is itself associated with

lower intellectual abilities, appropriate control for birthweight is neces-

sary, as well as control for other relevant variables such as parental and

family characteristics.

These requirements have been met reasonably satisfactorily in a num-

ber of recent studies, and the evidence that slow weight gain in infancy is

associated with developmental delay is now quite convincing. This has

been shown in three well-controlled studies of children born at term

(Black et al., 1994; Skuse et al., 1994; Wilensky et al., 1996) and in one

of children born preterm (Kelleher et al., 1993). In each of these studies

cases were identified by a reasonable approximation to the screening of a

whole population and solely on anthropometric criteria, so it is very

unlikely that selection biases account for the association with develop-

mental delay.

As we have seen, developmental delay in infancy is not necessarily

associated with later intellectual impairments, and although there may

be tests in infancy that correlate better with later intelligence than the

developmental tests used in these studies, no test in infancy satisfactorily

predicts later abilities. So the only way to determine whether failure to

thrive in infancy is associated with later intellectual deficits is to follow the

children up as they get older and investigate their later abilities. An

important early study with a reasonably appropriate control group and

a standardised test of intelligence was reported by Oates et al. (1985).
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At about 14 years of age they found a 10 point reduction in IQ when

comparing children who failed to thrive with controls; the difference was

not actually statistically significant, but the group sizes were small (14

children in each). A later study by Mitchell et al. (1980) is notable as the

first study to screen children for failure to thrive in primary care, though

intellectual ability was only assessed in a limited number of the children.

They too found an effect that was moderately large (5 points) but not

statistically significant (again the group sizes were small).

The first study to convincingly show a clear association between failure

to thrive and lower IQ in childhood was by Dowdney et al. (1987; Skuse,

1993). This study screened a birth cohort of 2145 children within a single

health district in London, and identified all children who failed to thrive

in infancy and had persisting growth retardation to the age of 4. At 4

their McCarthy Scale General Cognitive Index Scores were about 20

points lower than those of a control group (the mean was 97.7 in the

control and 77.1 in the children who failed to thrive). This is a very large

difference (more than a standard deviation). The controls were carefully

matched to the cases on length of gestation, birthweight, ethnic origin and

ordinal position in the family, and they were generally chosen from the

same health clinic or nursery. But although there are no obvious flaws in

this study, such a large deficit has never been found elsewhere.

Two subsequent studies were reported by Drewett, Corbett and

Wright (1999) and by Boddy, Skuse and Andrews (2000). In the first of

these a one-year birth cohort of all children born in Newcastle-upon-

Tyne in 1987–8 was investigated. Their weights over the first 18 months

were retrieved from case records in child health clinics, and cases were the

slowest growing 5%, as identified by their weight gain. Along with these

136 cases, 136 controls were chosen who were born within one month of

the cases in the same local area. They were not otherwise matched to the

cases, but the similarities in their families were striking. There was no

significant difference, for example, in any economic characteristics of the

families, or in their mother’s educational attainments. Although the cases

were identified solely on the basis of their weight gain over the first 18

months, they were significantly shorter at 8 years of age, and had signifi-

cantly smaller head circumferences. But in spite of these substantial and

enduring differences in their growth there was only a small difference in

their IQ at 8 (3 IQ points), and no difference in their reading skills. The

second study (Boddy, Skuse & Andrews, 2000) was a follow-up of children

studies by Skuse et al. (1994). The cases were selected by screening a one-

year birth cohort born in an inner London health authority. Their weights

were below the 3rd centile for at least three months in the first year, and

they were matched to controls on birthweight and a number of other
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variables. Although they were significantly delayed on the Bayley Scales in

their second year, there were only small differences between the groups on

the general cognitive index of the McCarthy Scales at 6 years of age.

The results of these studies taken together are not very clear and

suggest that rather large group sizes would be needed to determine with

precision the size of the intellectual deficit associated with failure to

thrive, if there is one. Corbett and Drewett (2004) reviewed all the relevant

published studies, and provide quantitative summaries of the association

between failure to thrive and later cognitive outcomes. Results are

shown in Figure 7.3. Data based on seven controlled studies with 502
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Figure 7.3 Cognitive outcomes in children who failed to thrive (Corbett
& Drewett, 2004). Results are shown for 11 controlled studies (using
IQ tests, except for Wilensky et al., 1996, who used the Bayley Scales).
The top three are from studies of cases from hospital or other specialist
clinics. The remainder are from studies of cases recruited in primary care
clinics or by whole population screening. The overall weighted mean
difference for the seven studies using IQ tests in primary care or whole
population samples corresponds to 4.2 IQ points (95% CI 2 to 6).
Studies referred to are referenced in the original paper. Reproduced
from Journal of Child Psychology and Psychiatry, 45, 641–54. Copyright
2004, with permission from Blackwell Publishing.
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cases and 523 controls provide a statistically significant overall average

difference of 4.2 IQ points. These seven studies all identified their cases

by screening whole populations, and therefore provide the most unbiased

estimate of the effect. Three studies that used cases referred to hospitals

or specialist clinics found much larger effects, with an average mean

difference of about 13 IQ points. This clearly shows how important

case identification procedures are: the IQ deficit found in cases identified

via hospitals or specialist clinics was over three times as great as the deficit

found when all the children with the condition were identified in whole

populations.

All these data come from observational studies, and as in all other

observational studies there is a possibility that uncontrolled variables

associated with slow weight gain might account for its relationship

between failure to thrive and later intellectual abilities. The controlled

studies providing the estimate in Corbett and Drewett (2004) controlled

for a range of other variables, including birthweight, ordinal position in

the family, and the IQ of the child’s mother. Where slow growth in

infancy is strongly associated with poverty, poor maternal education

and low social status these can be difficult to control for in a sufficiently

comprehensive way. But, as we saw above, slow weight gain in infancy in

the UK is not strongly associated with these; indeed in the largest study of

the epidemiology of failure to thrive to date it was not associated with

them at all (Blair et al., 2004). In one of the studies relating failure to

thrive to later abilities, in infants born preterm in the USA, mothers with

more advanced education were actually more likely to have infants who

failed to thrive (Kelleher et al., 1993); yet the adverse effect of failure to

thrive on their infants’ IQ was still found. The evidence does, therefore,

suggest that failure to thrive in Western countries, whatever its causes, is

associated with developmental delay and with a somewhat lower IQ at

school age.

7.4 Other outcomes

Weight gain patterns in infancy are associated with a range of other

outcomes, which have attracted attention in recent years principally as a

result of developments in lifespan epidemiology (Barker, 1991).

Important work on physical health originated in the observation that

heart disease was strongly related to the place of birth, suggesting that

the environment early in life was an important determinant of later health

(Barker & Osmond, 1986). A subsequent study (Barker et al., 1989)

examined the relationship between weight gain in infancy and later

cardio-vascular health using records carefully kept by midwives and
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health visitors in Hertfordshire under the supervision of the formidable

Miss Burnside, the ‘Chief Health Visitor and Lady Inspector of Midwives’

(Barker, 1994). From 1911, attending midwives had to notify every birth

to the county Medical Officer of Health, and as well as the mother’s name

and address, the date of birth and birthweight of the infants were recorded.

Throughout the first year the infants were visited by health visitors, and

further information was recorded, including whether the infant was breast-

or bottle-fed and their weight at 1 year of age. In all about 8000 male

children born in the period from 1911 to 1930 had birthweights and

weights at 1 year recorded, and 7613 had identification data sufficient to

allow an attempt to trace them through the NHS Central Register at

Southport. Of these children, 74% were successfully traced, and if they

had died their causes of death were determined. Of the 1186 who had

died, 434 had died due to ischaemic heart disease (heart attack). Table 7.1

shows the relationship between the standardised mortality ratio for ischae-

mic heart disease, weight at birth and weight at 1 year. A higher birth-

weight is association with a reduced mortality; this is an effect related to

prenatal growth. But within each birthweight category, a higher weight at 1

year is associated with a reduced mortality, an effect associated with weight

gain in the first year. This study was subsequently replicated in women

(Osmond et al., 1993). A further replication by Ericksson et al. (2001) was

carried out on a quite different cohort, of men born in Helsinki in Finland

in the decade 1934–44. Of the sample 4630 had measurements of height

and weight over the first year, and 357 subsequently developed coronary

heart disease. Lower birthweight was associated with higher levels of heart

Table 7.1. Standardised mortality ratios for ischaemic heart disease according

to birthweight and weight at 1 year

Weight (lb) at

1 year

Weight at birth (lb)

Below

average (�7)

Average

7.5–8.5

Above

average (�9) Total

Below average (�21) 100 (80) 100 (77) 58 (17) 93 (174)

Average (22–23) 86 (34) 87 (67) 80 (29) 85 (130)

Above average (�24) 53 (14) 65 (42) 59 (32) 60 (88)

Total 88 (128) 85 (186) 65 (78) 81 (392)

Note:

All the men were breast-fed. The data are given in the units in which the records were

originally made (1 lb is about 0.454 kg). Reproduced from The Lancet, II, 578–80. Copyright

1989, with permission from Elsevier.

Source: Barker et al., 1989.
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disease, and so too was slower growth over the first year, as measured by

weight or length at 1 year, adjusted for birthweight. A particularly worry-

ing possibility is that especially adverse effects might be associated with a

low birthweight or early infant weight gain combined with an excessive

adiposity later in life, a combination that would be found especially in

societies in transitional stages of development in which poor nutrition

early in life is followed by a relatively more abundent food intake later

(Prentice & Moore, 2005).

A number of studies have also examined relationships between weight

gain in infancy and later emotional development. The children who failed

to thrive in infancy studied by Drewett, Corbett and Wright (1999) were

examined again when they were 12 years old (Drewett, Corbett & Wright,

2006). At 12 the children had lower BMIs and were significantly less

likely to be overweight. They were also more satisfied with their own body

weights, and were less likely to be restrained eaters. These are effects of

their lower BMIs, and are comparable to the effects we saw in young

women with cystic fibrosis (Abbott et al., 2000; Truby & Paxton, 2001).

The children who failed to thrive were no more likely to have low self-

esteem or symptoms of depression or anxiety. However, effects of this

kind do appear to develop later in life. Using data from the National Child

Development Study, a birth cohort study of about 17,000 people born in

England, Wales and Scotland in one week in March 1958, Cheung,

Khoo, Karlberg and Machin (2002) showed that psychological distress

measured with the Malaise Inventory (Rutter, Tizard & Whitmore, 1970)

was significantly higher at 23, 33 and 42 years of age in people whose

weight gain was lower over the first seven years of life. This association

remained statistically significant after controlling for sex, gestational age

at birth and birthweight, and for a range of social variables including the

social class of the father and the mother’s marital status and parity. Even

more remarkably, perhaps, Barker et al. (1995) found that the lifetime

risk of suicide was also associated with low weight gain over the first year.

The explanation of these links is unclear. They may be mediated via lower

IQ (Gunnell, Magnusson & Rasmussen, 2005; Van Os et al., 1997) or via

later physical illness (Schnittker, 2005).

Another important possibility is that failure to thrive might have cog-

nitive effects that become apparent only in old age. This possibility

underlies the concept of ‘cognitive reserve’. A number of studies have

shown that persons with greater brain size are to some extent protected

against clinical effects of Alzheimer’s disease. In a population-based study

(Graves et al., 1996) global cognitive scores as measured with the

Cognitive Abilities Screening Tests were strongly related to head circum-

ference in participants with (probable) Alzheimer’s disease, after taking
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into account age, sex and education. Gale et al. (2003) similarly found

that cognitive decline as assessed over a three and a half year period using

the Wechsler Logical Memory Test in men and women 66–75 years old

was systematically related to their head circumference when adults, with

smaller head circumference associated with a greater risk of cognitive

decline. The children in the sample were born in the Jessup Hospital in

Sheffield, and records were available of their head circumference at birth.

Head circumference at birth was unrelated to cognitive decline, and

adjusting for it did not reduce the association between adult head circum-

ference and cognitive decline. The implication of this is that it must have

been head growth (and by inference, brain growth) after birth that pro-

vided the protection. Children who fail to thrive have smaller head

circumferences at school age (Drewett, Corbett & Wright, 1999), so

they may suffer more from cognitive decline late in life, though there is

at the moment no direct evidence that they do.
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8 Adiposity and obesity

8.1 Adiposity and its correlates

In previous chapters we have dealt with adverse effects of undernutrition

in children. This is a widespread problem of long standing, and in many

countries it is one that has been improving in recent years. A more recent

problem and one that is clearly getting worse is ‘overnutrition’ – the

increased fat storage that results from a higher food intake than is neces-

sary to provide for a child’s energy expenditure.

The body of a child can be thought of as comprising different compart-

ments, which may be identified in terms of the tissues involved (for

example, bone, muscle, adipose tissue, blood) or in terms of their chem-

ical composition (for example, mineral, protein, fat, water). The two do

not correspond exactly. Fats have a wide range of different functions in

the body (Pond, 1998). The brain, for example, is about 60% fat, mostly

in the form of phospholipids and cholesterol in cell membranes. These

are structural lipids. Adipose tissue, which is unique to vertebrates, differs

from other fat containing tissues in the body because it has evolved as a

specialised store of fat, available to provide energy as required. The fat is

stored in the specialised fat storage cells of the body, the adipocytes,

which contain storage lipids based on triacylglycerol molecules. It is

these storage lipids that we are concerned with here, so measuring

adiposity is simple in theory – we dissect out the adipose tissue, extract

the storage lipids from it and weigh them. But again, what is simple in

theory is not simple in practice. In practice the accurate measurement of

adiposity in living children is rather difficult.

Many methods have been used, and are still in use. An old established

method is the measurement of skinfold thicknesses with callipers, which

provides a direct measurement of the fat mass, but only under the skin

and only at a limited number of sites (the biceps, triceps, subscapular and

suprailiac skinfolds are often chosen). Another old established method

involves a combination of weighing in air and weighing under water.

From the two weighings the proportion of the body that is fat can be
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estimated. The method depends on the different densities of fat (about

0.9 g/ml) and the fat-free mass (about 1.1 g/ml in adults, though it is

somewhat lower in children). Essentially this method divides the body

into two components (fat and the fat-free mass) and measures the ratio

between them. In an alternative method, the water content of the body

can be measured using radioactive or stable isotopes of oxygen or hydro-

gen. These isotopes spread through the water in the body, which can be

measured by the extent to which they are diluted. From this measurement

of its water content the fat-free mass of the body can be estimated, and so,

indirectly, its fat mass. Bioelectric impedance measurements also provide

a means of estimating body fat, because electrical conduction depends on

water and the electrolytes dissolved in it, which are virtually absent

from fat. The electrical conductivity of the body therefore also varies

with the ratio of fatty to fat-free tissues in the body. More recently,

imaging methods have been used, such as magnetic resonance imaging

(MRI) and dual energy X-ray absorptiometry (DXA) scanning, a method

which relies on the attenuation of X-rays emitted at different energies by

different tissues.

No method available for use in living humans produces a measurement

of body fatness that is known to be correct. The measurement is made

more precise if more of the different components of the body are sepa-

rately determined. Adiposity measurements determined by underwater

weighing can be made more precise, for example, if they are supple-

mented with direct assessments of the water content and mineral content

of the body. Its water content can be measured using isotope dilution

methods, and its mineral content estimated from bone measurements

determined using DXA scanning. Using a procedure of this kind Wells

et al. (1999) determined the body composition of a group of 8–10 year

old children using a four-component model which partitioned the con-

tributors to body weight into fat, mineral, protein and water. Estimates of

adiposity using a variety of simpler methods were then related to body fat

determined more precisely in this way. The most acceptable of the

simpler methods involved the estimation of body water using deuterium

dilution, or DXA based procedures, both of which were unbiased

on average. Underwater weighing underestimated fatness, and meth-

ods based on the measurement of skinfold thickness or bioelectrical

impedance showed poor agreement with fatness calculated in the four-

component model.

In practice most research has measured weight rather than adiposity.

We generally monitor changes in our own adiposity by weighing our-

selves, and this works, to some extent, for comparison of the same adult

person over time because their height is always the same. In comparisons
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of different people weight per se is not a useful measure, because although

it is related to adiposity, it is also related to height. A measure of relative

weight that takes height into account is therefore needed, and the Body

Mass Index (BMI) is a measure of weight that is more or less independent

of height in adults. The body mass index is normally calculated as weight

in kilograms divided by the square of height in metres, i.e.

BMI¼Weight (kg)/Height (m)2

The BMI has been widely used in research, for good reasons (Kraemer,

Berkowitz & Hammer, 1990). It is non-invasive and the measurements

involved, height and weight, can be made reliably and can also be self-

reported. Although this is useful for large-scale studies, self-reported

weights are biased (Bowman & DeLucia, 1992). They are generally

lower than measured weights, and the bias is greater in people trying to

lose weight.

Traditional criteria for identifying excess weight in adults are a BMI

greater than 25 or greater than 30 (WHO, 1997), sometimes referred to

as criteria for overweight and obesity respectively. These criteria can be

used at all ages in adults, and in both men and women. The assumption

underlying them is that increased health risks are found if the BMI

increases beyond the criterion values. In order to establish this large

studies are needed in which health outcomes are measured over long

periods of time in persons of known BMI. Studies of this kind using

mortality as the outcome, for example, were collated by Troiano et al.

(1996) who provide quantitative estimates of the relationship between

body weight and subsequent mortality derived from 23 studies which

together followed up over half a million people. Using a 30 year follow-

up, the BMI in men associated with the minimum risk of mortality was

24. The risk steadily increased with higher BMI, and was twice as high at

a BMI of 30. It also steadily increased with BMIs below 24, and was twice

as high when the BMI was below 20. There were fewer studies of women,

and data could only be summarised for a 10 year follow-up. A similar

relationship was found in women who smoked, though there was little

relationship between BMI and mortality in women who did not smoke.

In older children the BMI correlates quite strongly (>0.7 at each age

from 9 to 15 years) with adiposity as measured more directly by four

skinfold thicknesses (Lazarus et al., 1996). But it is not entirely independ-

ent of height, and it varies markedly with age. BMI decreases steadily

from 1 to 5 years of age, then increases again. Because the average BMI in

children changes with age, a single criterion for overweight or obesity in

children at all ages of the kind that can be used in adults is not available.

Many published studies have simply treated the fattest children in their
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age groups as overweight or obese (say those above the 85th or 95th

centile for the BMI). However, standard BMI-based criteria for over-

weight and obesity in children of different ages have recently been pro-

posed (Cole et al., 2000). Centile curves for the BMI were established for

six large nationally representative growth surveys, each providing informa-

tion on the BMI from over 10,000 children aged 6–18. The surveys came

from Brazil, Great Britain, Hong Kong, the Netherlands, Singapore and

the United States. Figure 8.1 shows the average BMI at different ages for

these countries. This illustrates clearly the change in BMI in children as

they grow up. A new centile curve was interpolated for each data set, which

corresponded to the centiles for BMIs of 25 and 30 at age 18, so as to give

the same prevalence of overweight and obesity at younger ages (2–18) as

was identified in the country in question at 18 years of age. These interpo-

lated centile curves were then averaged. This procedure has provided a

table of BMIs that can act as international criteria for overweight and

obesity in childhood (the International Task Force on Obesity or ITFO

criteria). The criterion for overweight in males, for example, is 18.41 kg/m2

at 2 years, drops to 17.42 at 5 years and then rises steadily through 19.84 at

10 and 22.62 at 14 to reach the adult value of 25 kg/m2 at 18.

Whatever the exact criterion used to identify it, studies have regularly

found that the prevalence of obesity has increased steadily in recent years.
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For the period 1972 to 1994 data were collected via the National Study of

Health and Growth, which surveyed state primary-school children in

England and Scotland. Over this period weight adjusted for height

increased in Scotland in all the age groups studied (from 5 to 10 years),

and increased in England in the 8–10-year-old children (Hughes, Li,

Chinn & Rona, 1997). Triceps skinfold thicknesses, which provide a

more direct measure of fatness, increased in both age groups in both

countries. For the period 1995 to 2003 data were collected via the

Health Survey for England, which surveyed nationally representa-

tive samples of children from 2 to 10 years old (Jotangia, Moody,

Stamatakis & Wardle, 2005). Data from both these sources were collated

by Stamatakis et al. (2005), and trends in overweight and obesity exam-

ined using the ITFO criteria referred to above (Cole et al., 2000). The

trends are shown in Figure 8.2. There are other data sets from the UK

which confirm these trends in younger (Bundred, Kitchener & Buchan,

2001) and in older children (Adamson et al., 1992). Data for nationally

representative samples in the USA are available from the National Health

Examination Survey (NHES) cycles II and III, from 1963 to 1970, and

from the National Health and Nutrition Examination Surveys (NHNES)

I, II and III from 1971 to 1994 and are reviewed by Troiano and Flegal

(1998). Over this period the mean BMI increased in every age group (6 to

17) in both males and females. The prevalence of overweight increased

from 3.9% to 11.4% for children aged 6–11, and from 4.6% to 11.4% for
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children aged 12–17. Similar secular trends have been found in other

studies (Freedman et al., 1997).

Obesity in adults is related to socio-economic class, with higher rates in

more deprived populations. The relationship is typically stronger and

more consistent in women than in men (Guillaume & Lissau, 2002).

The relationship between the two in children, however, is much less

clear (Guillaume & Lissau, 2002; Saxena et al., 2004; Sobal & Stunkard,

1989; Troiano & Flegal, 1998). In the study of Saxena et al., in England,

for example, there was no social class difference in obesity in either boys

or girls from 2–20 years of age, though there were marked differences

between ethnic groups, with the highest rates among boys in samples of

Indian and Pakistani origin and in girls of Afro-Caribbean origin.

However, more recent data from the same population suggest that the

increase in rates of obesity in recent years in children has been greater

among more disadvantaged families (Stamatakis et al., 2005). There is no

social class gradient in obesity in the USA in younger children (<10 years

old), though there is in older children, with a higher prevalence in child-

ren from lower-income families (Wang, 2001).

Associations with more specific adverse early circumstances have been

suggested by a prospective longitudinal study of Danish children in the

Copenhagen area (Lissa-Lund-Sørensen & Sørensen, 1992). The child-

ren were initially sampled when 9–10 years old in 1974, when their

heights and weights were measured. Their mothers responded to a ques-

tionnaire dealing with the school education. The occupational status of

the family and an area-based measure of housing standards were also

recorded. The children were recontacted when they were 20–21 years

old, when they reported their adult weights and heights. The usual

positive correlation was found between the participants’ BMI when

they were children and their BMI when they were adults. There

was no significant association between their BMI when they were chil-

dren and any of their parents’ educational or occupational variables, or

their housing standards as reflected in the area-based measure. This

reflects the more general lack of association between adiposity and social

class in young children. But children brought up in the areas with poor

housing standards were more likely to be overweight as adults, though

becoming overweight was not related to their parents’ education or

occupational status. This result is not entirely easy to interpret, but it

suggests that area of residence in childhood is a more important deter-

minant of later obesity than traditional family-based educational or socio-

economic measures. More recent research has shown that objectively

assessed adverse features of the local neighbourhood are associated with

overweight in adults, independently of socio-economic status, probably
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because they are associated with lower activity levels (Ellaway, Macintyre &

Bonnefoy, 2005).

The very clear evidence for increased adiposity in children in Western

countries is paralleled to some extent by rising trends in overweight in

some developing countries. Data on this come from the World Health

Organisation Global Database on Child Growth and Malnutrition, which

was developed in 1986 to make available the results from nutritional

surveys worldwide (De Onis & Blössner, 2000). As expected, the com-

monest problem has been wasting (low weight for height), and countries

with high rates of wasting tended to have low rates of overweight. But the

global prevalence of overweight in preschool children reported in this

study was 3.3%, and over the period from 1985 to 1998 it increased in 16

of the 38 countries for which more than one survey was available. Some

countries (Uzbekistan, Kiribati and Algeria) managed to have high pre-

valences of both wasting and overweight at the same time.

Recent increases in adiposity and obesity in Western countries might

actually be greater than is implied by these changes in the BMI, because

the BMI is a measure of weight adjusted for height, rather than of

adiposity per se, and it is possible that the relationship between the BMI

and adiposity might have changed over time. Lesser physical activity, for

example, would tend to increase adiposity, which would increase the

BMI, but might also reduce the bulk of muscles, which would reduce it.

There is a lack of reliable data on changes in the body composition of

children, but a number of lines of evidence do suggest that the relation-

ship between BMI and fatness might have changed in this way in recent

years. Wells et al. (2002) compared the average adiposity of children in

Cambridge with that of the ‘reference child’ of Fomon (Fomon et al.,

1982). The reference child was constructed to represent the average body

composition of children of different ages at the time, though there is no way

of being certain how accurately it did so. A group of children up to 11 years

of age who were studied in Cambridge from 1989 to 1999 were compared

with the reference child, and although their average BMI was not greater,

they were significantly fatter than the reference child. In a further study,

McCarthy et al. (2003) compared measurements of waist circumference

in British children from a survey conducted in 1997 with measurements

from earlier surveys in 1977 and 1987 for girls and boys respectively. Both

BMI and waist circumference increased over this period, but waist cir-

cumference increased more.

The steady rise in adiposity and obesity in children is likely to be of

environmental origin, and must have involved an increase in energy

intake or a decrease in energy expenditure or both. That much is obvious.

But to pin down its causes more precisely is difficult. In adults the change
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over time seems to have correlated with changes in energy expenditure, as

assessed through a surrogate measure, television viewing, rather than

with changes in energy (or fat) intake (Prentice & Jebb, 1995). The best

data we have in children do not suggest any substantial increases in

energy intake over the 30 year period from 1965, and the proportion of

energy derived from fatty foods actually went down (Cavadini, Siega-

Riz & Popkin, 2000; Troiano et al., 2000). By inference it is also likely to

have been changes in energy expenditure that were responsible in chil-

dren, though we do not have any direct measures of energy expenditure in

children over this period.

Adiposity in childhood is of concern partly because adiposity tends

to correlate (‘track’) over the lifespan (Power, Lake & Cole, 1997). The

evidence consistently indicates that children with higher BMIs are more

likely to have higher BMIs later in life. For example, in the 1958 British

Birth Cohort children with a BMI above the 98th centile at 7 were over

four times as likely to meet the BMI criterion for obesity in their early

thirties, and those with a BMI above the 98th centile at 16 were over five

times as likely to. Although this clearly indicates correlation between

childhood and adult BMIs, there is some controversy over whether it

represents correlations in adiposity per se. The BMI reflects muscle mass

and bone mass as well as adiposity, and in a longitudinal study in which

children initially measured at 9 were followed up at 50, although BMI at 9

was significantly correlated with BMI at 50, it was not correlated with

body fatness at 50 as assessed using bioelectric impedance (Wright et al.,

2001). However, significant correlations of around .5 have been found

between childhood BMI and adult skinfold thicknesses in another study

(Freedman et al., 2005) and similar findings have been reported else-

where (Power, Lake & Cole, 1997). Weight in infancy (Charney et al.,

1976; Poskitt & Cole, 1977) and weight gain in infancy (Cameron et al.,

2003; Gunnarsdottir & Thorsdottir, 2003) are also associated with later

measures of overweight. One reason for concern about the growing

adiposity of children, then, is that it is likely to be associated with later

obesity when the children are adults, and so with the health problems that

follow from it.

In children themselves health problems arising directly from obesity are

not common, but they are beginning to be seen as a result of the rising

prevalence of obesity in childhood (Dietz, 1998; Must & Strauss, 1999).

Major problems tend to be found in the most severely obese. Because

children are still growing, their bones are softer, with unfused growth

plates, and they are not well adapted to carry the body weight associated

with severe obesity, which can give rise to a bowing of the legs and other

orthopaedic problems. Respiratory problems can lead to obstructive
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sleep apnoea, and raised blood pressure in the brain to headaches, vomit-

ing, blurred vision and other symptoms. More commonly found are

hyperlipidaemia (increased blood lipids), a risk factor for heart disease,

and glucose intolerance and non-insulin-dependent diabetes (Berenson

et al., 1989).

Psychological problems are another possibility. These have been inves-

tigated in a number of studies. Particular interest has been shown in self-

esteem. There is good reason for this. Self-esteem is based on our

appraisal of ourselves in respect of qualities that are important to us,

but this is at least partly based on the judgements that we believe others

will make. Differences in physical characteristics such as adiposity are

highly conspicuous, and correlations between self-esteem and percep-

tions of physical appearance in general are high (Emler, 2001). They are

especially high in adolescence, so effects of adiposity on self-esteem are

likely to be related to the age of the child.

Most substantial studies of young children have not found that self-

esteem is lower if they are fatter. In 3–5-year-old children Klesges et al.

(1992) examined the relationship between scores on the Harter Pictorial

Scale of Perceived Competence and Social Acceptance and their adipos-

ity as assessed using triceps skinfold thicknesses, and found no relation-

ship between the two. There was some evidence that children with lower

physical perceived competence were fatter one or two years later, even

after taking into account their initial fatness. Although the effect was quite

weak (and was lost by the third year) it does draw attention to the

possibility that low physical self-esteem might be a risk factor for obesity,

as well as a consequence of it. Children with low physical self-esteem

might, for example, be less willing to engage in physically demanding

activities.

Mendelson and White (1982) in a small study of children 7–12 years

old showed that ‘body esteem’ was related to obesity, but self-esteem

more generally was not. Hill, Draper and Stack (1994) replicated both

these findings in a large sample of 9-year-old children in the UK (213 girls

and 166 boys). Self-esteem can be measured either globally or in relation

to particular domains (academic, social, athletic etc.), and Phillips and

Hill (1998) examined this issue further in a large school-based sample

of preadolescent (9-year-old) girls using a more discriminating measure,

the Harter Self-Perception Profile for Children (Harter, 1982). This

assesses self-esteem in five areas, scholastic competence, social appear-

ance, athletic competence, physical appearance and behavioural con-

duct, and takes into account the importance the child attributes to each

domain. In addition, peer nominations of popularity were obtained. The

self-esteem measures showed that girls with a BMI in the top 5% (‘obese’)
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and in the next 10% (‘overweight’) did have lower self-esteem, but only in

the restricted domains of athletic competence and physical appearance.

Their global self-worth was not significantly lower. They were less likely

to be seen by their peers as attractive, but were not less popular. The study

of Strauss (2000) of 1377 9–10-year-old children confirms that global

self-esteem is not related to obesity in children of this age.

As regards older children, in an early study of self-esteem in 8–16-year-

old children Sallade (1973) compared 120 who were obese and an equal

number of controls, chosen from a single school. The obese children were

identified by a recently collected weight taking into account their age and

sex, and adiposity was checked using triceps skinfold thicknesses, to

exclude those who were heavy but not obese. There was evidence that

self-concept was poorer in the obese children. A subsequent replication of

this study in 9–14-year-old children, however, did not find any relation-

ship between the two (Wadden et al., 1984) although this also involved a

reasonably large number (210). In 9–18-year-old black children Kaplan and

Wadden (1986) found statistically significant correlations between the

two, but they were small and were restricted to children 9–11 years old. In

a study of older (14- and 16-year-old) girls Martin et al. (1988) found that

self-esteem was significantly lower in the girls with the highest BMIs.

Two other large studies (Kostanski & Gullone, 1998; O’Brien et al.,

1990) found no association. All of these studies used the Rosenberg

self-esteem scale, which evaluates a single dimension of global self-

esteem. In a study of over 1000 adolescents aged 12–15 years, French

et al. (1996) related BMI to scores on the Harter Self-Perception Profile

for Adolescents, which assesses self-esteem in eight subdomains as well as

globally. BMI was related to physical appearance self-esteem in both

males and females (higher BMI associated with lower self-esteem). It

was also related to global self-esteem in females, though not in males. The

relationship was not very strong, however: the significant correlation in

females in the French et al. study was only –.14. The evidence for a

substantial correlation between self-esteem and body weight then, even

in adolescents, is not very strong. One reason for this may be that poor

body image is very widely prevalent, especially in females, even in those

who are not objectively overweight.

Low self-esteem is related to depression; indeed they are related so

strongly that mild depression and low self-esteem might even be consid-

ered the same thing (Emler, 2001). Using a measure of depression rather

than self-esteem, Wadden et al. (1989) found no relationship between

BMI and depression in a community (school-based) sample of adolescent

girls about 15 years old, though there was strong evidence that the heavier

girls were more dissatisfied with their weight. Similarly there was no
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relationship between obesity and depression in girls in a large longitudinal

study of just under 1000 rural American children (Mustillo et al., 2003).

There was, however, in boys, though only if the obesity was chronic. It

was not possible to establish in this study whether obesity led to the

depression or vice versa.

8.2 The genetics of obesity

The body mass index tends to be somewhat similar in members of the

same family. The correlation between spouses, for example, is about .1,

between parents and children it is about .2 and between siblings it is

between .2 and .3 (Bouchard & Pérusse, 1993). These familial correla-

tions involve genetic and environmental components, which are tradi-

tionally disentangled in studies of monozygotic twins. A direct estimate of

the heritability of the BMI can be obtained by examining the correlation

between BMI in monozygotic twins reared in separate families. There are

three recent studies of this kind (Allison et al., 1996; Price & Gottesman,

1991; Stunkard, Sørenson & Schulsinger, 1983). Stunkard et al. (1990)

studied 93 monozygotic twins reared apart and identified through the

Swedish Twin Register. In adult life (at an average age of about 60) the

correlation between the BMIs of the twins was .70 in men and .66 in

women. Ideally for studies of this kind separation would be at birth, but in

practice it tends to occur later, so the children share a common environ-

ment for a period after birth. In this study, however, age at separation was

not related to the similarity between the twins later in life, in either height

or weight. Price and Gottesman (1991) examined the BMI in 34 twins

reared apart and 38 reared together, from a cohort originally investigated

in a study of personality and intelligence by Shields (1962). The BMI

correlation for the twins reared apart was .61, and it was not significantly

different in those rated as having been raised in more or less similar

environments. Allison et al. (1996) pooled three sets of twins, a Finnish,

a Japanese and a predominantly American set, giving 53 twins reared

apart in all. The correlations between the twins for the BMI were .63, .73

and .85 for the three sets, and .79 for all the twins pooled. Adjusting

for relevant covariates (sex, age, source of data) reduced the estimates

somewhat. Pooling their own data and the data previously collated by

Stunkard et al. and by Price and Gottesman, the overall estimate of the

heritability of the BMI calculated by Allison et al. was .675. This suggests

that more than half the variability in the BMI in the populations studied

was of genetic origin. All these studies used data from adults, but

Koeppen-Schomerus, Wardle and Plomin (2001) subsequently examined

genetic contributions to weight in 4-year-old children. This study was
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based on 3636 twin pairs born in the UK in 1994. The heritability

estimates for weight adjusted for height (a measure similar to the BMI)

was .64 for boys and .61 for girls. Twin studies are not the only source

of heritability estimates, and other studies report estimates of parent–

offspring and sibling correlations and from adoption studies. The esti-

mates of heritability from these studies tend to be slightly lower than those

from twin studies, explaining 20% to 80% of the variance in BMI in

family studies reporting parent–offspring and sibling correlations and

20% to 60% in adoption studies (Maes, Neale & Eaves, 1997).

Given the evidence that there is a genetic contribution to relative body

weight, what are the pathways involved? This is not, unfortunately, an

easy question to answer. The genetic data come largely from studies of the

BMI. BMI is something that can be measured easily and reliably in large

numbers of people, and for that reason it is a preferred measure of

adiposity in epidemiological work, including work in epidemiological

genetics. But the BMI is only an indirect measure of adiposity, and it is

theoretically possible that the heritability of the BMI could be at least

partly the result of genetic influence on other components of the BMI

(muscle mass or skeletal mass for example) rather than of adiposity per se.

There are very few studies of the heritability of adiposity using other

methods of assessing it (Börjeson, 1976; Bouchard et al., 1988; Brook,

Huntley & Slack, 1975). Assuming that the heritability studies are princi-

pally assessing the heritability of body fat, genetic effects could involve

physiological mechanisms relating to fat storage, or behavioural mecha-

nisms involving either side of the energy balance equation, i.e. energy

intake or energy expenditure. There is, for example, evidence that physi-

cal activity levels ‘run in families’ (Moore et al., 1991), though not

necessarily for genetic reasons. Energy expenditure can be measured

reliably using tracer methods, but there is no reliable way of measuring

food intake that does not interfere with normal eating patterns that can be

used on a large scale. Even if there were, there would still be multiple

pathways to investigate. Increased food intake might result, for example,

from a higher set point for body fat, a greater hedonic response to food, a

greater appetite or less effective satiating mechanisms. There are likely to

be many different genes involved in the control of adiposity, and they may

operate in many different ways.

In summary, studies of twins show a very substantial genetic contribu-

tion to variability in body weight. They show too, of course, a substantial

environmental contribution. The exact estimates vary from study to

study, but exact estimates are of limited interest. Firstly, as they are

based on the BMI they are estimates of the heritability of weight rather

than of adiposity per se. Secondly, they are specific to populations studied
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at particular times and places: changes in the nutritional environment, or

in other aspects of the environment that affect weight gain, would change

the heritability estimates. Thirdly, general estimates of heritability do not

provide any basis for intervention. It is only information about specific

genetic effects (or specific environmental effects) that might suggest

possibilities for change. To examine specific genetic effects means exam-

ining the effects of specific genes, and a number of single genes that have

major effects on adiposity have now been identified.

The most striking of these involve the hormone, leptin, which we met in

Chapter 1. Leptin was first identified through its absence in a strain of

abnormally fat mice, the ob strain (Friedman, 1997). Leptin is normally

produced in adipocytes and reduces appetite. In mice which are homo-

zygous for a mutant recessive form of the ob gene, leptin is not produced.

The mice eat excessively and become grossly obese. The first study to

show related effects in humans was by Montague et al. (1997). These

authors studied two children of families of Pakistani origin in which there

was extensive intermarriage. The children were cousins, and they each

developed severe and intractable obesity. The birthweights of both child-

ren were about average (3.46 kg and 3.53 kg respectively), but both

gained weight rapidly early in life. The weight of the older child is

shown in Figure 1.3 (Chapter 1). By the time she was 8 years old, she

weighed 86 kg, and her body was 57% fat. The male cousin was 2 years

old at the time of the report and weighed 29 kg, with 54% body fat. This

obesity was a consequence of a single recessive gene for which the two

affected children were homozygous. As expected, all four parents were

heterozygous for the same gene. The parents were essentially unaffected,

but the two homozygous children had extremely low plasma levels of

leptin, and both children were said to be persistently hungry and to have

eaten considerably more than their siblings from early in infancy. A

subsequent report described the effects of treatment with leptin in the

older of these children, when she was 9 years old and weighed 94.4 kg

(Farooqi et al., 1999). She lost weight within two weeks of the treatment

starting, and continued to do so over the year for which she was treated,

losing 16.4 kg in all. Evidence from test meals and food diaries showed

that this weight loss was accompanied by a considerable reduction in

food intake. Detailed laboratory-based study of leptin deficient adults

(Williamson et al., 2005) has also shown that treatment with leptin

reduces hunger and the rate and duration of eating, and so reduces overall

food intake. A similar genetically based leptin deficiency that also resulted

in obesity has been found in a second family of Turkish origin (Strobel

et al., 1998). In a third family, of Kabilian origin, a gene variant affected

leptin receptors rather than the production of leptin (Clément et al.,
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1998). Again the family was consanguineous, but in this family leptin

levels were not reduced: it was the receptors that respond to leptin that

were abnormal, rather than the production of leptin. Three affected sisters

were studied. Each gained weight very rapidly from early in life, and

weighed more than 100 kg by the time of the study, when they were in

their teens.

Another important genetic condition leading to obesity in childhood is

melanocortin-4 receptor (MC4R) deficiency, first identified in 1998

(Vaisse, Clement, Guy-Grand & Froguel, 1998; Yeo et al., 1998).

MC4R deficiency is inherited dominantly, or more precisely codomi-

nantly. Obesity is found in people who are homozygous for the condition,

but also those who are heterozygous, though their obesity is less severe

(Farooqi & O’Rahilly, 2005). Again it is associated with overeating:

affected children ate three times as much as their unaffected siblings at

a test meal (Farooqi et al., 2003). There is evidence that the melanocortin

pathway is involved in the appetite suppressing effect of leptin, and a

homozygous child who completely lacked melanocortin-4 receptor activ-

ity gained weight in infancy and early childhood in a way that precisely

paralleled that of children lacking normal leptin receptor functioning

(Clément et al., 1998; Lubrano-Berthelier et al., 2004). Probably because

the associated obesity is found in heterozygotes as well as homozygotes,

and because it does not interfere with fertility, this is a relatively common

condition, found in 6% of severely obese children (Farooqi et al., 2003).

Another cause of obesity in humans is the Prader-Willi syndrome, which

is characterised by obesity, delayed sexual development and intellectual

disabilities. It has a prevalence at birth of about 1 in 25,000. The Prader-

Willi syndrome may involve one or a number of genes, and is the con-

sequence of an absence of the normal paternal contribution to the long

arm of chromosome 15. This absence can have various causes. The most

common is simply a missing piece of the chromosome, and the next most

common is maternal disomy, in which both strands of the chromosome

have come from the mother. Infants with Prader-Willi syndrome are

hypotonic (floppy) at birth and are slow in reaching motor milestones.

They gain weight very poorly over the first year (Ehara, Ohno &

Takeshita, 1993), often meeting criteria for failure to thrive, and also

have feeding problems (Gilmour, Skuse & Pembrey, 2001). But after the

first year or so affected children develop a striking pattern of excessive

food intake (hyperphagia) which is a cardinal symptom of the disorder

and which underlies the development of their obesity. Holland et al.

(1993) have documented this hyperphagia carefully in a study in which

adults with Prader-Willi syndrome (and controls without the syndrome)

were offered a meal made up of a free supply of relatively unpalatable
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sandwich quarters over an hour-long period. The food intakes of the two

groups is shown in Figure 8.3. The people with Prader-Willi syndrome

ate three and a half times as much as the controls. Recent research has

shown that the Prader-Willi syndrome is associated with high levels of the

stomach hormone ghrelin, which enhances appetite and increases food

intake in humans (Delparigi et al., 2002), and this may contribute to the

hyperphagia. The hyperphagia in Prader-Willi syndrome is associated

with a range of behavioural problems, which might include taking food

from others, hoarding food and stealing money to buy food (Russell &

Oliver, 2003). The study of Holland et al. cited above compared people

with Prader-Willi syndrome and normal weight controls of the same age

and sex. Gilmour and Skuse, however, compared food-related behaviour

in children with Prader-Willi syndrome and children who were equally fat

for other reasons, using a questionnaire given to their parents, and they

found no obvious difference between these groups (Gilmour & Skuse,

2003). The questionnaire dealt with hyperphagia (overeating), pica
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Figure 8.3 Eating patterns during a test meal in people with and without
Prader-Willi syndrome (Holland et al., 1993). The cumulative number
of sandwiches eaten is plotted against time from the start of the meal, for
a group of 13 people with Prader-Willi syndrome (right) and 10 people
without (left). Energy is shown in the units used in the original
publication. Reproduced by permission from Macmillan Publishers
Ltd. International Journal of Obesity, 17, 527–32. Copyright 1993.
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(eating items that are not normally eaten) and foraging behaviour (such as

eating from dustbins). Although no significant differences were reported

between the two groups in this study, Prader-Willi syndrome is undoubt-

edly difficult to deal with, and requires constant supervision of access to

food if excessive weight gain is to be avoided (Holland et al., 1995). The

study of Gilmour and Skuse suggests that the feeding-related problems

associated with the syndrome might also be found in other children obese

for other reasons.

A large number of other genes are likely to be involved in the control of

adiposity (Chagnon, Pérusse & Bouchard, 1998), but although there are

clearly important genetic causes underlying some of the variability in

adiposity between different people, it is important not to assume that

this means that differences in adiposity are ‘inborn’. It is the gene that is

inborn, not the adiposity, and to argue that ‘body weight is primarily

genetic and metabolic’ and that ‘it is normal for some children to be fat’

(Satter, 1996) is to oversimplify complex issues. The examples of genetic

pathways that we have considered above all involve behavioural mechan-

isms, and all genes operate in interaction with the environment, so the

most that should be said is that it is normal for some children to be fat in

some environments. The rising prevalence of obesity shows that gene-

tically similar populations of children become obese to different extents in

different environments, and the environments characteristic of industri-

alised societies are clearly changing so that it is normal for more children

to be fat. It would be quite possible, and would be desirable, to reverse

some of these changes so as to make it less normal.

8.3 The development of adiposity

To recapitulate, family and twin studies of obesity have provided esti-

mates of the relative importance of environmental and genetic factors to

the variability in adiposity in contemporary Western populations, but this

information has limited practical utility unless more specific information

about the particular genes or the particular environmental variables

involved and their effects can be obtained. In Section 8.2 progress in

respect of a small number of specific genes was examined. In this section

we shall consider the development of adiposity in children more gener-

ally, examining some environmental variables and the role of the child’s

own behaviour in its development.

Overnutrition, like malnutrition, can begin before birth. Indeed, Dietz

has suggested that the prenatal period may be one of a number of critical

periods for the development of obesity in childhood (Dietz, 1997). This

term can be a rather confusing one, as it can mean different things in
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different contexts. Its origins are in embryology. During the early period

of development different organ systems develop at different times, and

pathological agents can have seriously adverse effects on their develop-

ment which are restricted to clearly defined developmental stages. The

classic example is the rubella virus. This virus causes serious abnormal-

ities in the fetus, but only if the fetus is exposed to it in the first trimester of

pregnancy. From its origins in embryology the idea of a critical period was

taken into ethology, when Konrad Lorenz used it in relation to the

imprinting of young birds (Bateson, 1979). The concept has been useful

in other areas in which environmental stimuli have effects that are limited

to particular periods, or particularly strong in particular periods, such as

are found in the visual system and in second language learning. It has also

been used with reference to sexual differentiation.

Dietz suggests that the prenatal period may be a critical period in the

development of obesity, during which under- or overnutrition might have

enduring effects on adiposity, perhaps as a result of influences on the

development of the hypothalamic systems involved in appetite, or on

adipocyte numbers. He provides two examples suggesting prenatal effects

of this kind. The first example comes from the Dutch famine study, which

we first dealt with in Chapter 4 in connection with cognitive effects of

prenatal malnutrition. Men whose mothers were exposed to the Dutch

famine of 1944–45 were examined when they were 17 years old (Ravelli,

Stein & Susser, 1976). Those whose mothers were in the first two trimes-

ters of pregnancy during the famine were substantially more likely to be

obese at 17 than controls born at different times or in different areas, and

the effect was specific to the first two trimesters, and was not found if the

famine coincided with the last trimester and the early months of postnatal

life; indeed, in such cases infants were less likely to be obese. This study

therefore provides evidence that undernutrition in the first two trimesters

of pregnancy is associated with a higher prevalence of later obesity, and

there is some evidence here for temporal specificity of a kind that makes

reference to a critical period appropriate. But the famine was severe,

resulting in fetal growth retardation and perinatal deaths, and in the

deaths of 10,000 adults, so an effect of this kind is unlikely to indicate a

very general risk factor for obesity in affluent countries. The second

example comes from a study of diabetes during pregnancy (Pettitt et al.,

1983). It was conducted among the Pima American Indians of Arizona, a

population particularly prone to diabetes and obesity. The study exam-

ined whether women who were diabetic when pregnant gave birth to

children who were more likely to be obese. Mothers were divided into

three groups: a group who were diabetic while pregnant, a group who

were prediabetic (and only developed diabetes after the pregnancy) and a
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non-diabetic group. Diabetes in pregnancy leads to an abnormally high

availability of nutrients, and the offspring of the diabetic mothers had

significantly heavier birthweights. This difference was maintained for at

least 15 years, with three times as many becoming obese later in life.

This example comes from a specific medical condition on a specific

population, but there is a more general correlation between birthweight

and later adiposity. Braddon et al. (1986) found an association between

heavier birthweight and 36-year-overweight in men, though not in

women. Seidman et al. (1991) followed up over 30,000 infants born in

Jerusalem between 1964 and 1971. Birthweights were recorded at the

time of delivery and weights and heights at 17 years of age, in the Israel

Defence Forces draft medical examination records. Birthweights were

allocated to 500 g categories. The adolescents were defined as overweight

or severely overweight if they were above the 90th centile (BMI 24.6 kg/

m2) or 97th centile (BMI 27.8 kg/m2) for the sample. There was a clear

increase in the proportion overweight and obese at 17 in each birthweight

category above 3.5 kg; it was over twice as high in the highest birthweight

category in both males and females.

This correlation between birthweight and later adiposity may reflect

the working of a critical period, but Allison et al. (1995) have raised the

alternative possibility that it might simply be a genetic correlation (as,

indeed, had Dietz himself). Allison et al. investigated this by examining

the association in monozygotic twins between differences in their birth-

weight and differences in their adult BMI. Since monozygotic twins are

genetically identical, differences in their birthweight must be of environ-

mental origin. In this study there was, as expected, a statistically signifi-

cant correlation between birthweight and adult BMI. But there was no

significant correlation between differences in birthweight and differences

in adult BMI in the twin pairs, so there is no clear evidence here for any

effect of the prenatal nutritional environment on later BMI. Another

problem, of course, is that correlations between birthweight and later

BMI do not necessarily reflect correlations between adiposity at birth and

at later ages, because neither birthweight nor BMI are direct measures of

adiposity. They also reflect lean body mass, and studies that have sought

to measure lean body mass and fat mass separately have generally found

that there is a positive correlation between birthweight and later lean body

mass, rather than between birthweight and later fat mass (Rogers, 2003).

Another early environmental variable that may be associated with later

adiposity is breast-feeding. Although earlier research gave rather equi-

vocal results (Butte, 2001), a number of recent studies have shown that

infants who were breast-fed are less likely to be fat later in childhood

(Dewey, 2003). A large Scottish study of over 30,000 3-year-old children
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(Armstrong, Reilly & the Child Health Information Team, 2003)

showed a substantially lower risk of obesity (BMI on or above the 95th

centile) and severe obesity (98th centile) in those exclusively breast-fed

at 6–8 weeks, compared with those exclusively bottle-fed. Some control

for the other characteristics of the families was included, using a geo-

graphically based deprivation index. In a study in Bavaria, von Kries

et al. (1999) recorded heights and weights of 5–6-year-old children, and

examined their early feeding history via questionnaires given to the

parents. In just over 9000 children information on breast-feeding and

its duration was available. Of the children who were bottle-fed, 12.6%

were overweight and 4.5% obese; of those who were breast-fed, 9.2%

were overweight and 2.8% obese. As in other European countries, there

was a strong association between breast-feeding and the social charac-

teristics of the child’s family, and parental education was also associated

with overweight and obesity in the child. The association between

breast-feeding and obesity, however, was not eliminated by controlling

for the education of the parents, though the use of this variable in two

categories (parental education for less than 10 years, or 10 or more

years) is unlikely to have fully controlled for social characteristics of

the family. A very large study in the Czech Republic (Toschke et al.,

2002) examined the relationship in a group of 33,768 children aged

6–14. Breast-fed children were about 20% less likely to be overweight or

obese. This was after adjustment for parental obesity, parental educa-

tion, maternal smoking, birthweight and other variables, and the effect

showed no obvious decline with age over the ages studied. Gilman et al.

(2001) studied a large (>15,000) group of 9–14-year-old children in the

‘Growing up Today’ study in the USA. The children in this study were

the offspring of registered nurses. The children who were mostly or only

fed breast milk in the first six months had a risk of being overweight

about 22% lower than those mostly or only fed infant formula.

Controlling for the mother’s own BMI, household income and a range

of other variables did not eliminate this association.

In general, then, these studies do show a lesser tendency to overweight

and obesity in breast-fed infants. Given that an infant is breast-fed, a

number of these studies have also examined whether there is a relation-

ship between the duration of breast-feeding and obesity, with varying

results. In the study of von Kries et al. (1999), for example, the overall

adjusted odds ratio (for obesity in children who were ever being breast-

fed) was 0.75. The adjusted odds ratios for being obese for children

breast-fed for �2 months, 3–5 months, 6–12 months and �12 months

were 0.90, 0.65, 0.57 and 0.28 respectively. Although this graded rela-

tionship is sometimes conceptualised as studying the ‘exposure’ or
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‘dose-response relationship’ (Dewey, 2003), and was described as a

dose-response effect in this study, it might be better to avoid this termi-

nology as it ignores the possibility that the child’s own behaviour may

contribute to the duration of breast-feeding. As we saw in Chapter 3,

infants with a bigger appetite who gain weight more rapidly may be

moved on to solids earlier. To show that infants exclusively or predom-

inantly breast-fed for a longer period (say 6 months) are less likely to be

obese than infants exclusively or predominantly breast-fed for a shorter

period (say 3 months) doesn’t in itself show a protective effect of longer

breast-feeding. The same effect might be found if one compared exclusive

or predominant bottle-feeding for 3 and 6 months. Infants with a lower

appetite may accept exclusive milk feeding (breast or formula) for longer,

and also be less likely to be obese later. The appropriate comparison,

therefore, is not with all bottle-fed infants but with infants exclusively

bottle-fed for the same period.

This reservation does not, however, apply to the fundamental finding

of an association between breast-feeding and a lower risk of obesity,

which is now reasonably well established. What explanations might

there be of this association? One possibility is that it could be due to

associations with other variables that have not been completely controlled

for, in spite of all the efforts that have been made. An indication that this

may be so comes from a study of sibling pairs in which one sibling has

been breast-fed but not the other (Nelson, Gordon-Larsen & Adair,

2005). This design controls for shared aspects of the family environment,

since the siblings come from the same family. Contrary to what would be

expected if breast-feeding protected against adiposity, there was no evi-

dence that the breast-fed children were less likely to be overweight in later

life than their bottle-fed siblings. If the association found in the other

studies does reflect a real effect of breast-feeding, a second possibility

could be that it is a metabolic effect resulting from differences in the

composition of breast and formula milk (Dewey, 2003). A third possi-

bility that has attracted some interest (Dewey, 2003) is that it reflects

differences in the ability of breast and bottle-fed infants to regulate their

own milk intake (Drewett, Wright & Young, 1998; Wright, 1987; Wright,

Fawcett & Crow, 1980). Wright et al. (1980) provided evidence from an

observational study that during bottle-feeds the termination of sucking

episodes in a feed is more likely to be due to the mother than the infant,

while during breast-feeds the decision is more equally shared between the

two. As we shall see below, there is some evidence that children who

regulate their own energy intake effectively are less likely to be over-

weight, and being breast-fed does appear to be associated with more

opportunity to do so. Breast-feeding might also alter the behaviour of
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the mother, and a recent large-scale study (Taveras et al., 2004) has

shown that breast and bottle-feeding mothers do differ in their later

child feeding behaviour.

In a direct study of the influence that mothers might have on the weight

gain of their infants, Kramer et al. (1983) developed scales to measure a

mother’s preference for fatter or thinner infants (the Ideal Infant Body

Habitus Scale, IBH), and to assess their tendency to ‘push’ food on their

infants (the Maternal Feeding Attitudes Scale, MFA). Pushiness mea-

sured at birth using this scale was associated with pressure to eat by the

mother at 7 years (Duke et al., 2004). In a further study of Kramer et al.

these scales were administered at birth, and the infants followed up to the

end of the first year, with measurement of their weight, BMI and skinfold

thicknesses (Kramer et al., 1985). The scores measuring the pushing of

food were not related to weight or BMI after taking birthweight into

account. The only relationship was with skinfold thickness at 6 months,

when the relationship, paradoxically, was negative (more pushy mothers

had infants who were less fat).

There is a tendency, still, to treat infants as if they are just the passive

recipients of feeding by the mother, but the evidence reviewed in

Chapter 2 would suggest that infants should to some extent control

their own energy intake, and the above study suggests that they can do

so even when their mothers are trying to push food on them. There is in

fact good evidence that the appetites of infants very early in life do

influence early weight gain and adiposity. Agras et al. (1987) examined

this directly by using a nipple that recorded sucking pressure and milk

flow (Kron, Johannes & Goddard, 1968). They found that the infants

who became fatter by 1 or 2 years of age sucked more rapidly and at a

higher pressure in the first month of life. Their suck and burst durations

were longer, and the intervals between bursts of sucking were shorter. As

a result their energy intake was higher. Sucking is directly under the

control of the infant, and is therefore a reasonable indicator of their

appetite. It is important to note that these differences in sucking were

not associated with adiposity at the time the measurements were made,

but with the development of adiposity over the next year or two.

The same sucking characteristics predicted adiposity at 3 years, though

not at 6 years.

This is the period of the ‘adiposity rebound’ (Rolland-Cachera et al.,

1984), which has been considered as another candidate for a sensitive or

critical period in the development of obesity (Dietz, 1997). As shown in

Figure 8.1, a child’s BMI tends to decrease from about a year of age to

3–7 years of age, and then steadily increase until the child becomes an

adult. Except for a brief period around birth, the BMI is therefore at its
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lowest at some point over the 3–7 year age range. The exact point varies in

different children, and the age of the adiposity rebound is the age at which

the BMI is at its minimum (and so the age at which it starts to increase

again). Rolland-Cachera et al. showed that an earlier adiposity rebound

in childhood predicted a higher BMI later in life. This finding has been

replicated in other studies (Whitaker et al., 1998), and there is no reason

to doubt it. Questions do, however, arise concerning its interpretation

(Dietz, 2000). In a clear analysis of the determinants of the timing of the

adiposity rebound, Cole (2004) shows that an early rebound is associated

with a high BMI and with upward centile crossing (i.e. with an above-

average increase in the BMI). The finding that an earlier adiposity

rebound is associated with a higher BMI later in life therefore may show

nothing more than that children who are already relatively heavier or are

getting relatively heavier at the time of the adiposity rebound are more

likely to be relatively heavier as adults. This correlation does not in itself

provide grounds for referring to a ‘critical period’. That would need

evidence that such correlations are not also found at other stages of

development, or are not as strong. It is not even clear that differences in

the timing of the adiposity rebound reflect differences in the environ-

ment. They may reflect inherent differences in the children. This inter-

pretation is strengthened by evidence from a large-scale longitudinal

study of the timing of the adiposity rebound in children (Dorosty et al.,

2000). The timing of the adiposity rebound was not associated with the

dietary intake of energy or protein in the children or with their mother’s

education or the social class of their family. But the parents of children

with an early adiposity rebound had higher BMIs and were more likely to

be obese, characteristics which as we have seen show reasonably high

heritability.

Energy intake is one component of energy balance; the other compo-

nent is energy expenditure. Several studies have used the doubly labelled

water method to examine the importance of individual variation in energy

expenditure to variation in weight gain in infancy, mostly in comparisons

of the children of overweight or obese parents and of lean parents, who for

genetic and other reasons have differing risks of developing obesity

themselves. Davies et al. (1995) found no significant relationship between

energy expenditure in 12-week-old infants and the adiposity of their

mothers or fathers. Stunkard et al. (1999) examined both energy expen-

diture and energy intake simultaneously in 78 infants, half of them born

to obese and half to lean mothers. When the infants were 3 months old

nutritive sucking behaviour and milk intake were measured, and at 1

year of age body composition was measured using anthropometric and

electrical conductivity methods. As one would expect, weight and sex at
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3 months strongly predicted weight at 1 year. The other significant

predictors at 3 months were the total number of sucks measured during

a test meal, and energy intake over a three-day period. As in the earlier

study of Davies et al. (1995), total energy expenditure measured using the

doubly labelled water method was not associated with weight at 1 year.

These studies suggest, then, that in infancy variability in energy intake is a

better predictor of the development of adiposity than variability in energy

expenditure.

Goran et al. (1995) examined these relationships in 5-year-old chil-

dren, and also found that there was no relationship between parental

obesity and the energy expenditure of their children. An attempt to relate

the energy expenditure of the children to their own adiposity also led to

negative results (Goran et al., 1998). In this study a range of methods was

used to determine changes in relative fat mass in the children over a four-

year period, from about 5 to about 9 years of age. Over this period the

children were growing, and their body fat also increased, from 16.4% to

20.4% on average. The three variables that predicted fat mass accumu-

lation were the child’s sex (girls accumulated more than boys), their initial

adiposity and the adiposity of their parents – the accumulation of fat was

strikingly higher in the children with two obese parents. But there was no

evidence that energy expenditure was lower in the children that accumu-

lated more fat. Energy expenditure was measured using the doubly

labelled water method over 14-day periods once a year. This is a very

precise method, but the authors clearly spell out the great difficulties

involved in measuring energy intake and expenditure with the accuracy

that might be required to explain even the excessive accumulation of

fat in children who have two obese parents. Although obesity involves

the accumulation of large amounts of fat, the rate at which the fat is

accumulated is low – in this study the children of two obese parents

gained less than 1 kg a year more than expected. This is less than 3 g a

day, equivalent to a daily energy imbalance of 113 kJ (27 kcal). The

accumulation of fat is not simply a result of a relatively low energy intake,

or of a relatively high energy expenditure, but of an excess of energy intake

over expenditure. Measuring a difference between the two of this size is

not an easy task.

More promising, perhaps, are studies involving the measurement of

everyday lifestyle variables that are related to energy expenditure. One

study which has successfully related activity levels in children to changes

in body fat over childhood was reported by Moore et al. (2003). They

measured changes in fat mass over an eight-year period, from 4 to 11 years

of age, using the BMI and the sum of five skinfolds. Activity was measured

using electronic motion sensors (accelerometers), worn for three to
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five consecutive days and usually twice a year, every year. Figure 8.4

shows the change in skinfold thicknesses, separately for boys and girls,

in three groups (the most active third, the middle third and the least active

third). The success of this study in relating the two may have come from

the use of an automated rather than a self-reported measure of activity,

from the measurement of activity over a number of days per year and over

eight years, and from the direct measurement of fatness in the sum of

skinfolds. The accumulation of fat is a slow process that takes place over

extended periods of time, and the variables that underlie it need also to be

measured over extended periods of time if the two are to be successfully

related. Again, not an easy task.
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Figure 8.4 Changes in skinfold thicknesses, from 4 to 11 years of age in
children with different activity levels (lowest tercile ¤; middle tercile &;
highest tercile ~). Adjusted for baseline age and BMI. Top: girls.
Bottom: boys. From Moore et al. (2003). Reproduced from Preventive
Medicine, 37, 10–17. Copyright 2003, with permission from Elsevier.
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Other studies have involved less direct measures related to activity,

such as time spent watching television. Although measures of this kind

are not simply measures of energy expenditure, they can be used in large-

scale studies, and may provide guides to possible interventions in a way

that physiological measures of total energy expenditure do not.

Television watching is of particular importance because of the sheer

time children spend on it. Estimates reviewed by Tinsley (2003) suggest

that from 2 to 18 years of age the average time spent watching television is

from 15,000 to 18,000 hours and exceeds the time spent in class (12,000

hours) and on any other activity except sleeping.

Dietz and Gortmaker (1985) first investigated the relationship between

television watching and obesity in children. Their data came from the

second and third cycles of the National Health Examination Survey

(NHES), which investigated a representative sample of children in the

USA in the 1960s. Children were studied at 6–11 years of age in the

second cycle, and at 12–17 in the third cycle, with some children studied

in both. Measures of adiposity were based on triceps skinfold thickness.

Children with a triceps skinfold thickness at or above the 85th centile

for their age were identified as obese, and those above the 95th as ‘super-

obese’. The prevalence of obesity in 12–17-year-olds watching different

amounts of television (according to their own reports) is shown in

Figure 8.5. On average, the more obese children watched more television.

A similar though slightly less clear relationship was shown in the 6 to 11

year old children between obesity and television watching as reported by

their parents. A wide range of control variables was examined, including

the education of the mothers and fathers, their age, income and race, the

birth order of the child and the number of their siblings, but none of them

altered the relationship between television watching and adiposity to any

major extent. Obesity could lead to more television watching, but in this

study longitudinal analyses showed that the relationship between tele-

vision watching and obesity in the third cycle remained statistically sig-

nificant when adjusted for earlier obesity as measured in the second cycle.

This suggests that it was not the obesity leading to greater television

watching, but vice versa.

In a subsequent study, however, a significant relationship between

television viewing and adiposity was not found (Robinson et al., 1993);

671 children participated in a cross-sectional study when they were about

12 years old. Body mass index and triceps skinfold thickness were both

measured, and hours spent watching television assessed by self-report.

There was a moderate correlation between television watching at the time

and when the assessment was repeated two years later. The correlation

between hours spent watching television and the BMI in these children,
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however, was very low (.053) and was not statistically significant. On the

face of it this study contradicts the earlier study of Dietz and Gortmaker,

which did show a statistically significant relationship between the two

variables. But statistical significance depends on the numbers involved as

well as the strength of a relationship, and in the Dietz and Gortmaker

study the numbers were about ten times as big. The actual correlation

between the two variables was not given for their study, but Robinson et al.

estimate the correlation from the p values and number of children in the

study; the estimated correlation was .03 to .05, so in fact the associations

found in the two studies are very similar. The conclusion consistent with

both studies is that there is probably a very small association between

hours spent watching television and adiposity.

Andersen et al. (1998) re-examined these relationships in children

investigated in the third National Health and Nutrition Examination

Survey (NHANES III) in the United States between 1988 and 1994.

Data were available for over 4000 children aged 8–16. Television watch-

ing and rates of vigorous exercise (‘enough to make them sweat or breathe

hard’) were examined in relation to the BMI and to an index of trunk fat

(the sum of subscapular and suprailiac skinfolds). The BMI increased
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Figure 8.5 Obesity in 12–17-year-old adolescents by hours of television
watched (Dietz & Gortmaker, 1985). Reproduced with permission from
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with hours of television watched. In girls it was unrelated to vigorous

exercise. In boys it was actually slightly higher in the group who exercised

more, perhaps reflecting muscular development rather than fatness. The

index of trunk fat was unrelated to vigorous exercise but increased sys-

tematically with hours of television watched. Although the strength of the

association cannot be determined from the analyses provided, the evi-

dence from this study suggests that adiposity is more strongly related to

time spent in sedentary activity (watching television) than it is to time

spent in vigorous activity. In young children far more time is spent in

sedentary than vigorous activity. Children who have a television in their

own bedroom have been found to spend more time watching television,

and are more likely to be overweight (Dennison, Erb & Jenkins, 2002).

Television watching is a sedentary activity which reduces energy

expenditure, but it can also have effects on food intake, as it exposes

children to extensive food advertising. Studies in this area have been

reviewed by Tinsley (2003), and show that television watching is associ-

ated with a higher consumption of high fat and high sugar foods in a range

of countries, including the USA, Canada, Puerto Rico, Mexico, Great

Britain, Italy, Australia and New Zealand. Food advertisements tend to

promote foods that are high in fat and sugar (Wilson, Quigley & Mansoor,

1999). Taras et al. (1989) showed that there was a significant association

between weekly hours of television watching and the requests made by

children for foods advertised on TV, and with the purchases of these

foods by parents, at least according to the mothers’ own reports.

Television watching is also associated with lower levels of fruit and

vegetable consumption in 11-year-old children (Boynton-Jarrett et al.,

2003) and more generally with having unhealthy conceptions of food and

bad eating habits (Signorelli & Lears, 1992). These are a few examples of

the many studies that have been conducted in this area, which have been

comprehensively reviewed on behalf of the UK Food Standards Agency

(Hastings et al., 2003). They come from research in ‘media studies’, an

academic area too important to be dismissed in the facile way it some-

times is.

Whatever the common characteristics of their nutritional environment,

children (and adults) vary widely in their adiposity. Individual differences

in energy intake and energy expenditure clearly contribute to this varia-

tion, but another interesting possibility that has been examined is that

there may be individual differences in the capacity to regulate energy

intake, that is, to adjust food intake in response to variations in its energy

content. When children take in energy as a preload before meals, they

compensate for the energy they take in by reducing the energy subse-

quently consumed at a test meal, as discussed in Chapter 3. The extent to
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which they compensate depends on their age – older children compensate

less completely than younger children (Birch & Deysher, 1986). But even

in children of the same age, the precision with which they compensate

varies from child to child, and it is related to the child’s adiposity (Johnson

& Birch, 1994). Johnson and Birch examined the extent to which children

of 3–5 years of age compensated for a high energy preload by reducing

energy intake at a subsequent test meal. They summarised the compensa-

tion characteristics of each child as a compensation index – the ratio of

energy reduction at the meal to the energy consumed in the preload.

Perfect energy compensation gives a compensation index of 100%. For a

given child, the index shows some stability over a one year period. The

average compensation index was 46.2%. It was higher in boys (57.1%)

than in girls (36.0%), and it was significantly correlated with the sum of

skinfold thicknesses in the girls. The correlation was negative, showing

that fatter girls compensated for their energy loads less effectively. There

was no correlation between the two in the boys. Perhaps reflecting

this poorer energy compensation, overweight 5–7-year-old girls are also

more likely to eat when they are not hungry. This was shown in a later

study (Fisher & Birch, 2002) in which children ate from a free access

lunch until they were ‘full’ (their own description). They were then given

an opportunity to snack on a range of palatable foods, including popcorn,

chocolate chip cookies and ice cream. Again, the consumption of snack

foods in the absence of hunger was a reasonably stable characteristic over

the two year period (5–7 years of age). Children overweight at both ages

or with a BMI above average at both ages were significantly more likely to

eat larger amounts of snack food in the absence of hunger. These char-

acteristics of the child’s food intake may be effects or causes of their

greater adiposity. This cannot be determined from the data available.

Even if poorer energy compensation is an effect of greater adiposity, it is

likely to make some contribution to the maintenance of obesity and its

resistance to treatment.

There is also evidence that energy compensation in young children is

related to the child feeding practices of their mothers. This was first

shown in the energy compensation study (Johnson & Birch, 1994). In

this study child feeding practices were assessed using six items from a

Child Feeding Questionnaire, which records the extent to which mothers

control their children’s food intake. Children whose mothers were

more controlling of their food intake showed poorer energy compensa-

tion, which may have been because maternal control interferes with the

child’s ability to learn to regulate their own energy intake by overriding

internal signals relating to hunger and satiation. As poorer energy com-

pensation is related to adiposity in girls, one might expect that mothers
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who are more controlling would be more likely to have overweight

daughters, but the direct evidence for this is not very strong. Saelens,

Ernst and Epstein did not find any relationship between maternal control

and the obesity of children in a discordant sibling analysis (Saelens, Ernst

& Epstein, 2000). In this study 18 families were identified in which one

sibling was obese and another was not. The children were all 7–12 years

old, and the average age of the obese and the non-obese siblings was the

same. The ‘control’ scale of the early version of the Child Feeding

Questionnaire (Johnson & Birch, 1994) was used to provide a measure

of maternal control. There was no difference between the scores provided

by the mothers in respect of the obese and the non-obese siblings. The

sample was small, though, and included males as well as females.

However, in a much larger population based study of 8–9-year-old chil-

dren no positive correlation was found between the two across families –

indeed there was a marginally significant negative correlation in girls,

with greater parental control associated with a slightly lesser degree of

overweight as assessed both by the BMI and by triceps skinfold thick-

nesses (Robinson et al., 2001). This study involved over 700 children

from 13 public elementary schools, and again used the control scale from

the Child Feeding Questionnaire to measure parental control.

There is, however, evidence that one component of control, restriction,

is more consistently related to the child’s adiposity (Faith, Scanlon,

Birch, Francis & Sherry, 2004). In another study a more comprehensive

model of the relationships between mothers’ feeding practices and the

appetite control and relative weight of their daughters was developed,

based on data from nearly 200 white families with 5-year-old daughters

(Birch & Fisher, 2000). Mothers’ control was measured with the eight

questions from the restriction subscale of a later version of the Child

Feeding Questionnaire (Birch et al., 2001). The more comprehensive

model is summarised in Figure 8.6, and fitted the data well by the usual

statistical criteria. The model summarises a number of important find-

ings. First, the restriction of the daughters’ food intake by their mothers

was associated with the mothers’ perception of their daughters being

overweight; and the mothers’ perceptions of their daughters’ weight was

strongly influenced by their daughters’ actual weight. Mothers who

themselves had higher restrained eating scores tended also to restrict

their daughters’ food intake more. Second, the mothers’ restriction of

their daughters’ food intake appeared to be effective – it was associated

with an actual lower daily energy intake by the daughters. As in the earlier

study, however, the mothers’ controlling behaviour was also associated

with poorer energy compensation in their daughters, and poorer com-

pensation in the daughters was associated with a relatively higher energy
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intake. We have, in other words, an indication of two effects of the mothers’

restricting behaviour on their daughters’ energy intake operating in oppo-

site directions – it reduces their food intake by a direct effect, but increases

it by leading to poorer energy compensation. The direct negative effect,

however, was substantially bigger than the indirect positive effect.

In a further study of 120 children Spruijt-Metz et al. (2002) examined

the relationship between mothers’ child feeding practices and 11-year-old

children’s adiposity as measured using DXA scanning. This provides a

more direct measure of fat mass than the BMI. Maternal restriction was

significantly related to total fat mass in the children, as was concern about

the child’s weight. In multivariate studies a range of control variables was

taken into account, including the child’s sex and the ethnicity and social

class of the family. The mother’s pressure to eat and their concern about

their child’s weight were then both significantly related to the child’s
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Figure 8.6 Relationships between mothers’ feeding practices and
adiposity in their daughters (Birch & Fisher, 2000). The path diagram
summarises hypothetical influences on girls’ eating and weight.
Mothers’ restriction reduces the daughters’ daily energy intake
directly, but increases it indirectly via effects on their control of energy
intake (CFQ: Child Feeding Questionnaire). Reproduced with
permission from the American Journal of Clinical Nutrition. #

American Journal of Clinical Nutrition, American Society for Nutrition.

Adiposity and obesity 177



adiposity, the first negatively and the second positively. As the authors

point out, this study can be interpreted as an indication that mothers tend

to press their thinner children to eat, but are concerned about those who

are heavier, with their child-feeding practices being a response to the

children’s adiposity rather than a cause of it. Mothers can be sensitive

to the relative weights of their children from an early age (Baughcum

et al., 2001) though this varies with the family – mothers from low-income

families can be rather unworried about their children’s weights (Jain et al.,

2005).

In general, the evidence seems to me to show that mothers respond to

their children’s weight, often responding to overweight in their daughters

by attempts to restrict their food intake. The evidence that these attempts

to control food intake themselves lead to increased adiposity is not strong.

But whatever its causes, approaches to the tackling of a tendency to

obesity that attempt to target the child’s regulation of energy intake,

rather than their energy intake or energy expenditure per se would be

worth pursuing since it is the relationship between the two that is critical.

This approach has been investigated by Johnson (2000). She assessed the

energy compensation of children of 3–4 years of age in response to a high

energy drink, and then instituted an intensive programme of education

designed to get the children to attend to internal cues of hunger and

satiety. They were then assessed again for energy compensation. Over the

two assessments, there was a significant improvement in energy compen-

sation. Children who undercompensated at the first assessment and

children who overcompensated both tended to compensate better at the

second assessment. This suggests that the intervention was effective,

though this would need to be confirmed with a control group who were

given the two assessments but not the intervention.

8.4 Treatment and prevention

We saw earlier in this chapter that epidemiological evidence suggests that

television watching is a risk factor for obesity. It occupies a large propor-

tion of waking time in most children over most of the childhood years,

and a simple and obvious possibility for the treatment of obese children is

therefore to try to encourage them from television watching into less

sedentary activities.

One attempt of this kind cleverly sought to capitalise on the rewards

of TV watching for children in order to increase their physical activity.

Faith et al. (2001) examined the effectiveness of an intervention in obese

children which used a bicycle powered television. The study was a small

one, with ten 8–12-year-old children studied over a 12-week period. The
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children were randomly assigned to two groups. Both groups were pro-

vided with a bicycle ergonometer, but in the experimental group cycling

activated power to the TV set, with a minute’s cycling earning one or two

minutes’ TV. This reinforcement contingency had dramatically large

effects both on pedalling time and on TV viewing time. Over the

10-week period of the intervention the average time spent pedalling

the bicycle by children in the control group was 8.3 minutes per week;

in the intervention group it was 64.4 minutes. The control group watched

21.0 hours of TV a week; the intervention group watched 1.6 hours.

Happily the intervention appears to have been well accepted by both

the parents and their children. These authors were even able to show a

significantly greater reduction in total percentage body fat over the period

of the intervention in the children in the intervention group. This is a

promising result, but if work in adults is any guide, the problem will be

not so much in not bringing about a loss of weight in the short term, as in

ensuring that it is maintained in the long term.

There is one set of studies in children that not only demonstrated

weight loss in the short term, but also followed up the children involved

over a long period (ten years). The treatment involved a comprehensive

family-based behaviour modification programme (Epstein, Wing,

Koeske, Andrasik & Ossip, 1981). The programme was available to

families in which at least one 6–12-year-old child and one parent were

overweight. The average BMI of the children was above 24 kg/m2. All the

families were given dietary information, which took the form of the ‘traffic

light’ diet which uses a colour coded food exchange system, in which

foods are categorised as red, yellow or green according to their energy

density. All three groups were given information on exercise and an

aerobic exercise programme, and all three were given advice on social

learning principles (modelling, the use of praise and contracting). The

families were randomly assigned to three groups. In one group the inter-

vention was targeted at both the parents and the child, and in a second at

the child alone. The third group was a control group in which no specific

target was set. The targeting took the concrete form of a contract in which

a deposit paid when the treatment started was progressively returned at

each treatment session, in the first group if both the parent and child lost

weight, in the second group if the child lost weight, and in the third group

simply in response to attendance at the session. The intervention also

involved differences in self-monitoring, in social reinforcement and calls

from the therapist between sessions, and in contingency management

procedures (which are designed to ensure that participants know what

they should do and do it). Although some differences were reported at the

end of the intervention, there was no significant difference in the average
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weights of the children in the three groups; all three groups had lost

substantial amounts of weight (Epstein et al., 1981). Yet at a long-term

follow-up five years (Epstein et al., 1987) and ten years later (Epstein

et al., 1990) there were clear differences, with the weight loss much better

maintained in the parent-child group than the child alone group, who in

turn did better than the children in the families in which no specific target

was set. The traditional problem with the treatment of obesity is the

distressing tendency for weight that has been lost in treatment to be

regained. This study shows that interventions that may seem equally

effective at the time might have quite different levels of effectiveness in

the long term. Ten-year follow-ups are not easy to conduct, not cheap and

certainly not quick, so the development of evidence-based interventions for

obesity in children is clearly going to involve a major investment of

time and effort.

These studies do suggest that treatment for obesity in children can be

effective, and the studies of Epstein et al. (1994) involving ten-year follow-

up are the only published studies that demonstrate procedures for the

treatment or prevention of obesity in children that are effective in the

long term. But family-based treatments are labour intensive and expen-

sive to implement. They also obviously depend on the child’s parents

recognising in the first place that they are in need of treatment, and there

is evidence that parents are generally rather poor at recognising obesity in

their children (Jeffrey et al., 2005). This problem can be to some extent

circumvented by school-based treatment programmes, and there is evi-

dence that school-based treatment programmes for obesity are also effec-

tive, at least in the short term. But there has been less research involving

these in recent years, perhaps because of the risk they carry of stigmatising

obese children in their schools (Story, 1999).

In most areas of medicine preventing a condition and treating the

condition involve quite different procedures. Skin cancer, for example,

is prevented by reducing exposure to the sun, but treated by surgery.

Obesity may also be treated surgically, using gastrointestinal operations

designed to reduce the intake or absorption of food, but this is a last

resort. Initial attempts at treatment always involve trying to reduce energy

intake and increase energy expenditure – and these are the same inter-

ventions that would be used to prevent obesity developing in the first

place. Considerable emphasis is now placed on efforts to prevent the

development of obesity in children, rather than to treat it once it has

developed. Because almost all children go to school, these efforts have

often also involved school-based educational interventions. Because the

same interventions can be used both to prevent and to treat obesity there

is an obvious advantage in a school context in using universal prevention

180 The Nutritional Psychology of Childhood



(prevention aimed at the whole population) as it avoids stigmatising

overweight or obese children, and the procedures used in prevention

will also be appropriate treatments for children who are already obese.

This assumes, of course, that the programmes are effective, and serious

attempts are now being made to investigate the effectiveness of school-

based obesity prevention programmes.

The best procedure available for this purpose is the randomised con-

trolled trial, which uses the standard methodology of the comparative

experiment in which, in its simplest form, some participants, chosen at

random, are given an appropriate treatment while others are used as

controls. Provided it is carried out properly and provided the groups are

sufficiently large the effect of the randomisation is to balance all other

variables across the groups. In dealing with an educational intervention,

however, the simplest form of a randomised controlled trial is not appro-

priate. Educational interventions cannot easily be given to some members

of a class and not others. It is confusing for teachers. Children talk to one

another and may share what they learn. And social facilitation may mean

that educational interventions given to whole groups are more effective

than those given to some children in a group only. If additional compo-

nents are added to the educational intervention, such as changes in school

meals or sports facilities, these also obviously need to be provided for all

the children. The general solution to this problem is the use of ‘cluster

randomisation’ in which groups rather than individuals are randomised.

In dealing with children schools form the obvious unit, though in some

studies classes within schools have been randomised. Cluster random-

isation leads to some tricky problems of research ethics (how can the

individual children in the clusters give their informed consent?) and are

generally difficult to conduct, but there are nonetheless some examples in

this area of research of very high quality.

The Christchurch obesity prevention project in schools, which was

directed at children 7–11 years old in junior schools in southwest

England, was based on an effort to reduce the consumption of fizzy drinks

in schools (James et al., 2004). Six schools took part, and the design

involved cluster randomisation with 29 classes in the six schools as the

clusters. Each class in each school was randomly allocated to an inter-

vention or a control group, so both were represented in each school, with

over 600 children taking part. The intervention consisted in a series of

classes designed to discourage the consumption of ‘fizzy’ drinks, and some

evidence was provided that it was effective in doing so. The proportion

of children meeting the criterion used for overweight and obesity

(BMI > 91st centile) increased substantially in the control group

and decreased slightly in the intervention group, though there was no
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significant difference in the change in mean BMI. Some appropriate res-

ervations have been expressed concerning the analyses used in this report

(French, Hannan & Story, 2004), but it does suggest that reducing the

availability of fizzy drinks might usefully be examined in future intervention

studies, especially as this might also improve bone health (Chapter 3).

In the light of the epidemiological evidence concerning the relationship

between television viewing and the development of adiposity the effect of

reducing television viewing has also been formally examined in a rando-

mised controlled trial (Robinson, 1999). The reduction was effected by

incorporating 18 hours of classroom time into the standard curriculum,

in which the monitoring of television watching was taught, together with a

reduction of television watching and video game playing, initially to

nothing for 20 days and then to 7 hours per week. The household

received, free of charge, a TV time manager which budgeted the use of

TV viewing time for each household member by the use of personal

codes. The intervention was implemented in one of two comparable

schools in California, chosen at random. Intermediate outcome measures

included time spent watching television, assessed via reports from the

children and their parents and the number of meals eaten in front of the

television. The adiposity-related outcome measures were the BMI, tri-

ceps skinfold thickness, waist circumference, hip circumference and

waist-to-hip ratio. Hours watching television were substantially reduced

by the intervention, and relative to the controls the children in the

intervention group showed reduction on all the adiposity measures

(except hip circumference). Because only two schools were used in this

study it is possible that some other characteristic of the two schools gave

rise to the difference in their children’s weight gain, and the follow-up was

immediately after the intervention, so long-term gains cannot be

assessed. But the study clearly justifies a more comprehensive study in

which a larger number of schools is randomised to each group with a

longer follow-up; and its results are consistent with the epidemiological

evidence implicating television watching in weight gain in childhood.

A more comprehensive primary-school-based intervention to reduce

risk factors for obesity in the UK has been reported by Sahota and

colleagues (Sahota et al., 2004a; 2004b). Ten schools were randomised

into two groups of five, and one of the groups received an intensive

intervention programme (the ‘APPLES’ programme). The programme

was designed to influence the children’s diet and physical activity, and

involved teacher training, planning for healthy eating and physical activity

and the modification of school meals. There was some evidence that the

intervention increased vegetable consumption, though this was based on

the children’s own self-reports. There was no evidence for an effect on
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BMI; indeed there was no difference at all in BMI between children in the

intervention and the control schools. One problem with school-based

interventions is that changes appropriately made to diet and activity

within the school can be undermined by compensatory changes in the

opposite direction outside school. There is some evidence for effects of

this kind in the study of Donnelly et al. (1996).

Another large and important study in this area is the Kiel Obesity

Prevention Study (Müller et al., 2001). Children from 5 to 7 years of age

took part. They were recruited over a six-year period, and intervention

carried out in three of the children’s schools every year. The children

were compared with children from control schools matched for socio-

demographic characteristics, and in alternate years the intervention

schools became control schools and vice versa. The design involved a

four and an eight year follow-up. The intervention involved healthy life-

style advice given to all parents and children (reduce the intake of high fat

foods, keep active at least an hour a day, decrease TV viewing to less than

an hour a day), combined with nutritional education for children, their

parents and their teachers. This universal prevention was combined with

selective and targeted prevention directed at families with overweight or

obese parents or children. Analysis of results from a study of this kind is

complex, and at the time of writing only provisional results are available.

These show that as measured by triceps skinfold thickness adiposity was

lower in the intervention than in the control children. This is a promising

result, but the reliability of a single skinfold measurement is not high.

Further long-term results from this study will be awaited with interest.

A major school-based study in the USA (Perry et al., 1998) was the

Child and Adolescent Trial for Cardiovascular Health (CATCH). This

involved a substantially larger number of schools (56 intervention and 40

control schools) with more than 5,000 individual participants. School-

based interventions comprised an intervention to modify the school food

service, which was designed to lower the fat and saturated fat content of

school meals and to reduce their sodium levels, an intervention in PE

classes which was designed to increase the amount of moderate to vigo-

rous physical activity, and an intensive health education programme

delivered through 55 lessons. A randomly chosen subgroup of the inter-

vention schools also had a home curriculum based on 19 activity packs.

Behavioural outcomes, reported by the children, showed substantial

reductions in energy intake from fat and increases in vigorous activity.

But in spite of this very intensive intervention no differences were found

in blood pressure, BMI or cholesterol measurements.

A second major school-based study evaluated the ‘Planet Health’

intervention (Gortmaker et al., 1999). In this study 1,295 children of
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11–12 years of age took part over two school years. The intervention

focussed on reducing television viewing to less than 2 hours a day,

increasing moderate and vigorous physical activity, decreasing consump-

tion of high fat foods and increasing consumption of fruit and vegetables

to five or more a day. It was designed to emphasise lifestyle changes and to

improve the activity and diet related behaviour of all the children rather

than just those especially at risk of obesity. The curriculum approach of

Planet Health is interdisciplinary, using material in language, arts, maths,

science and social studies lessons as well as lessons focussed on reducing

television watching and on physical fitness. Ten schools took part, rand-

omised five each to intervention and control groups. The results provided

a good deal of evidence that behaviour did change as a result of the

intervention. Average television watching was reduced by over half an

hour per day in the girls, their fruit and vegetable consumption went up

and their estimated energy intake increased less over the two years of the

trial. The prevalence of obesity in the girls in the intervention group was

significantly reduced, compared with the prevalence in the control group.

The difference was principally due to changes in television watching.

There was also some reduction in television watching in boys, but no

significant change in other aspects of behaviour or in obesity in the boys.

A third major school-based study, Pathways, was designed to prevent

the development of obesity in American Indian schoolchildren. This was

another very large study, in which schools that taught American Indian

children were randomised into two groups, an intervention group and a

control group, and the children were followed up over three years (Davis

et al., 1999). The principal outcome variable was percentage body fat,

measured using height and weight, skinfold thickness and bioelectrical

impedance. The intervention promoted activity and healthy eating, and

involved school-based changes to the curriculum and to physical educa-

tion, and to the school meal service, together with family education.

Immense pains were taken to ensure that the intervention was culturally

appropriate. For example, it emphasised learning modes that were valued

within American Indian cultures, including learning through observation

and practice, learning from story-telling and learning cooperatively.

Because the study involved so many schools (41 schools, with results

from more than 1,300 children) it had the statistical power to detect a

small difference in fatness between the children in the two groups (2.8%).

Sadly, after three years there was not even a difference of this size between

the groups (Lohman et al., 2001). Per cent body fat was 41.9% for boys

and 41.6% for girls in the intervention group, and 41.6% for boys and

41.5% for girls in the comparison group. Nor was there a significant

difference in the BMI.
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What are we to make of these studies? School-based intervention

programmes are more likely to be generally effective than any other

kind. They can reach virtually all children. Schools are used to delivering

educational programmes in a systematic and disciplined way, and have

the appropriate expertise to do so. Meals are eaten in schools, and

physical activities taught there, providing a context for practical as well

as classroom-based interventions. The child’s family can be accessed

through the school, and schools are familiar with the need to involve

parents in supporting their child’s education. There is some evidence

from some of the studies that school-based interventions can be effective,

but even in those that are we have only short-term follow-ups at the

moment. Overall they seem to show quite how hard it is to bring about

changes that are going to have any substantial effect on the prevalence of

obesity in children.
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9 Adolescence and the eating disorders

9.1 Eating disorders

In infancy and early childhood there are three ‘feeding and eating disor-

ders’ that are formally recognised in DSM-IV, the Diagnostic and

Statistical Manual of Mental Disorders of the American Psychiatric

Association (APA, 1994). The first two are pica (the persistent eating of

non-nutritive substances) and rumination disorder (the persistent regurgi-

tation and rechewing of food). Both these are often associated with

developmental disabilities. The third, feeding disorder of infancy or early

childhood, essentially refers to failure to thrive when it is associated with

failure to eat adequately.

The eating disorders that characteristically arise over the period around

puberty, however, are much more obviously psychiatric disorders, related

to depression and the other affective disorders of adults. In DSM-IV two

eating disorders are given specific diagnoses, anorexia nervosa and bulimia

nervosa. A third category, eating disorder not otherwise specified, is used when

some of the criteria for the two specific diagnoses are met, but not others.

There are four diagnostic criteria for anorexia nervosa (APA, 1994).

The first involves a refusal to maintain a body weight at or above a defined

minimum, specified as 85% of the ‘expected’ weight given the person’s

age and height. This may result from a loss of weight, or in young people

who are still growing, from a failure to gain weight. The second is an

intense fear of gaining weight or becoming fat. The third involves dis-

turbances in the way body weight or body shape are experienced, an

excessive influence of body weight or shape on self-evaluation, or the

denying of the seriousness of the low body weight. The fourth is an

absence of at least three consecutive menstrual cycles (amenorrhoea), a

criterion that can obviously apply only to women who have passed the

menarche.

Anorexia nervosa was recognised as a psychiatric disorder by the end of

the nineteenth century. Bulimia nervosa, on the other hand, came to
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attention much later as a result of a key paper by Russell in 1979, though

case histories comparable in many ways were also described in a 1976

paper by an American counselling psychologist (Boskind-Lodahl, 1976).

Russell initially referred to the condition as an ‘ominous variant’ of

anorexia nervosa, and the DSM-IV classification of mental disorders

gives a ‘binge-eating/purging type’ as one type of anorexia nervosa (the

other being the ‘restricting type’). The ‘binge-eating/purging type’ of

anorexia nervosa is identified if the person involved has ‘regularly

engaged in binge-eating or purging behaviour (i.e., self-induced vomiting

or the misuse of laxatives, diuretics or enemas)’ in the course of a current

episode of anorexia nervosa. However, it became clear quite soon that

similar patterns of behaviour were found in young women, especially,

who maintained a normal or near-normal body weight, and therefore did

not meet the first criterion for anorexia nervosa, and this led to the

identification of a separate disorder, bulimia nervosa. Bulimia nervosa

was introduced into the formal DSM-IV psychiatric classification in 1980

(APA, 1980).

Bulimia nervosa is characterised by recurrent episodes of binge eating,

which involve eating an amount that is definitely larger than most people

would eat over the same period of time and in the same circumstances,

combined with a sense of a lack of control over the eating. The second

criterion is the recurrent use of compensating behaviour of an inappro-

priate kind in order to prevent weight gain (for example, self-induced

vomiting, the use of laxatives, diuretics or enemas, or fasting or excessive

exercise). Both the binge eating and the compensatory behaviour should

occur at least twice a week for three months. Again, there is an excessive

influence of body weight or shape on self-evaluation. A final criterion is

that the eating disturbance should not occur only during episodes of

anorexia nervosa.

Although bulimia nervosa was identified initially as a variant form of

anorexia nervosa, the independent disorder is in fact now considerably

more common than anorexia nervosa itself (Rutter, Caspi & Moffitt,

2003). The binges can be elicited in controlled conditions in laboratories,

and a summary of six studies which have done so (Mitchell et al., 1998)

showed that in these conditions binges involved an average energy intake

of 15.3 MJ (3,647 Kcal). The average daily intake of 18-year-old girls is

about 10 MJ (see Figure 1.2).

The DSM-IV diagnostic category eating disorder not otherwise specified

(EDNOS) also includes binge eating disorder as an additional specific diag-

nosis for provisional use (APA, 1994). Binge eating disorder is character-

ised by binge eating in people who do not meet the other criteria for

anorexia or bulimia nervosa. In particular, they do not regularly use the
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other compensatory behaviours (purging, fasting or excessive exercise) that

characterise bulimia nervosa. Although they both involve binge eating, and

both improve spontaneously, bulimia nervosa and binge eating disorder

tend to run a different course (Fairburn et al., 2000). After five years under

20% of women starting out with binge-eating disorder had any form of

clinical eating disorder while the proportion in women starting out with

bulimia nervosa was about 50%. The key distinction between binge eating

disorder and bulimia nervosa is the absence in binge eating disorder of the

behaviour engaged in to control body weight (vomiting, taking laxatives,

fasting, and excessive exercise) that young women with bulimic disorders

use to compensate for their binge-eating episodes. Understandably, then,

binge-eating disorder is particularly common among obese people, reach-

ing a prevalence of 30% in people enrolled in weight control programmes

(Spitzer et al., 1992). But Spitzer et al. also found a prevalence of 2.5%

among first-year students of about 20 years of age. Closely similar preva-

lences (29% and 2.6% respectively) were found in these two groups in a

second large survey (Spitzer et al., 1993). In the community-based study of

Striegel-Moore et al. (2000) half the respondents with binge eating disor-

der were obese, compared with 18% of controls.

As with psychiatric diagnosis more generally, two related questions

arise concerning the eating disorders. One is the extent to which there is

a genuine discontinuity between the disorders with different specific

diagnoses in DSM-IV, and the other is the extent to which there is a

genuine discontinuity between having an eating disorder at all and not

having one. Issues of this kind are not usually easy to resolve, and it

may be best to conceptualise the feeding disorders as discontinuous for

some purposes and as continuous for others, an approach often taken in

developmental psychopathology.

Some very useful points concerning these classification problems in the

eating disorders are offered by Herzog and Delinsky (2001). As regards

anorexia nervosa, a key feature is weight loss, but the threshold has been

changed from a loss of 25% in DSM-III (APA, 1980) to 15% in DSM-IV.

The reason for the change was partly to assist diagnosis in young women

who are still growing before puberty (Garfinkel, Kennedy & Kaplan,

1995; Herzog & Delinsky, 2001). Amenorrhoea itself is a criterion that

is clearly inapplicable in young women before the menarche (and to men

of any age), and there is little evidence that amenorrhoea is related to the

psychological characteristics of the condition. The cessation of menstrual

cycles is principally an effect of low body fat levels and usually follows

when the BMI drops below about 18 kg/m2 (Kraemer, Berkowitz &

Hammer, 1990). This is the average BMI of a 12-year-old girl. In 100

patients admitted to a general hospital with anorexia nervosa the average
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BMI on admission was 14.4 and a very similar figure (14.5) was found in

50 patients in a private hospital (Beumont, Al-Alami & Touyz, 1988).

Cachelin and Maher (1998) compared 40 women who fully met the

DSM-IV criteria for anorexia nervosa with 11 who were under treatment

for the condition but did still have menstrual cycles. The two groups were

very similar on almost all measures of psychopathology, including body

image disturbance, eating disorder symptoms and depression; they dif-

fered principally in that the group with amenorrhoea had a lower body

weight and were somewhat younger. Amenorrhoea for periods exceeding

three months (i.e. three cycles) is not uncommon even in healthy adoles-

cents in the first year or two after menarche (Fisher et al., 1995).

Even the key criterion concerning a fear of gaining weight or becoming

fat has been called into question. Lee and colleagues (Lee, Chiu & Chen,

1989; Lee, Ho & Hsu, 1993) have reported that this symptom is fre-

quently absent in Chinese patients with anorexia nervosa in Hong Kong.

In a study of 70 such patients less than half gave any indicators of a fatness

phobia. The patients with and without a fatness phobia were comparable

in most other ways, except that the premorbid BMI was lower in those

who were fat phobic. Although morbid self-starvation may currently be

widely associated with fear of gaining weight or becoming fat in Western

cultures, the authors suggest that it may be generated in other ways in

other cultures. Indeed, it has been suggested by Russell (1995) that even

in Western populations the dread of fatness may be a recent development

in the symptomatology of anorexia nervosa, perhaps arising over the

period from 1949 to 1981 in which thinness became a fashionable ideal

in the media (Silverstein et al., 1986; Silverstein, Peterson & Perdue,

1986). Silverstein and colleagues documented this development by

examining bust-to-waist ratios in women pictured in Vogue and in the

Ladies Home Journal. There was in fact an earlier period in which a thin

body ideal developed even more dramatically, from 1909 to 1925.

Unfortunately statistical data on the eating disorders are not available

over this earlier period, though there is evidence that the BMI of young

women entering college also declined over these years. Drawing on the

concepts of the psychoanalyst and anthropologist George Devereux,

Gordon (2000) conceptualises the eating disorders more generally as

‘ethnic disorders’, analogous to amok in Malaysia, Indonesia and New

Guinea and to koro in southern China (or to hysteria in Western Europe in

the nineteenth century). A key characteristic of the ethnic disorders is that

they reflect conflicts and sources of anxiety that are widespread in the

culture, and involve in an exaggerated form behaviour that is normal, and

highly valued, in the culture, as dieting and the pursuit of thinness by

women is in ours.
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Waller (1993) has argued that diagnostic classification within the eating

disorders (i.e. classification into restrictive anorexia, bulimic anorexia,

bulimia etc.) is of little significance psychologically. Essentially his argu-

ment is that persons with eating disorders have a core symptom in

common, a general concern over food, weight and body shape. As in

many other areas of psychopathology, the threshold at which this is

considered to reflect a clinically diagnosable disorder depends on the

extent to which it is disabling or distressing. Further classification of

persons with a disorder of this kind into more specific diagnostic groups

on the basis of more specific symptoms may not help in dealing with the

underlying core symptom, though it may be necessary, of course, in the

medical management of the specific symptoms.

In fact much of the developmental research in this area has used

questionnaire or interview procedures designed to assess the symptoms

characteristic of eating disorders instead of, or as well as, providing a

diagnostic classification. These procedures include the use of a self-report

questionnaire, the Eating Disorder Inventory (Garner, 1991; Garner,

Olmsted & Polivy, 1983), and a semi-structured interview, the Eating

Disorder Examination (Cooper & Fairburn, 1987), both of which assess

symptoms of anorexia and bulimia nervosa and can also be used as

diagnostic instruments. The Eating Attitudes Test (Garner &

Garfinkel, 1979; Garner et al., 1982) distinguishes groups with eating

disorders from controls, but does not distinguish anorexia nervosa from

bulimia nervosa (Williamson et al., 1995). The ChEAT is a children’s

version of the Eating Attitudes Test, designed to be usable from 8 years of

age (Maloney, McGuire & Daniels, 1988). A children’s version of the

Eating Disorder Inventory is also available. Other scales assess symptoms

of more specifically defined disorders – for example the BITE scale

assesses bulimic symptoms (Allison, 1995). Assessing symptoms, rather

than using a diagnostic classification, is essential in developmental

research in psychopathology, as the early precursors of a psychiatric

disorder by definition will not meet the diagnostic criteria for the full-

blown disorder.

One of the most striking and universal features of the eating disorders is

that they are much more common in women than in men. Because these

disorders are quite rare, with a prevalence of about 1.3 per 1000 for

anorexia nervosa and 10 per 1000 for bulimia nervosa, exact figures for

both males and females from general population surveys are not easily

obtained, but studies based on case registers and general practice

research databases suggest about ten female to every male case (Rutter,

Caspi & Moffitt, 2003). A similar marked female preponderance is found

for general population surveys of related but milder eating attitude
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problems (Patton et al., 1997). Rare though the eating disorders may be,

even the prevalence of anorexia nervosa of 0.48% reported by Lucas et al.

(1991) in Rochester in the USA made it the third most common chronic

condition among adolescent girls there, after asthma and obesity. (It is

interesting to note that two of the three most common chronic conditions

were nutritional in nature.) Contrary to a longstanding supposition, there

is no good evidence that eating disorders are more common in upper-

class girls (Gard & Freeman, 1996).

Like other psychiatric disorders in which there is a preponderance of

female cases, eating disorders tend to develop around adolescence

(Rutter, Caspi & Moffitt, 2003), and they are associated with other

psychiatric disorders, and with the personality traits related to them

(O’Brien & Vincent, 2003). Valuable data on psychiatric disorders asso-

ciated with anorexia nervosa come from a study in Sweden by Råstam

(1992). Great care was taken to identify all the cases in a one-year birth

cohort in Göteborg in Sweden; 51 young people who met DSM criteria

for anorexia nervosa were compared with an equal number of controls,

comprising the children of the same sex closest to them in age in the same

school. The most striking personality association was with obsessive-

compulsive personality disorder, which was found in nearly a third of

the cases, and was nine times as common as in the controls. Anorexia

nervosa itself does not have one of the key characteristics of an obsessive-

compulsive disorder, because the preoccupations and compulsions con-

cerning food and bodyweight in anorexia nervosa are not seen by the

affected person as ‘ego-dystonic’, that is, intrusive and inappropriate

(Garfinkel, Kennedy & Kaplan, 1995). Nonetheless, 4 of the 18 cases

in this study with an obsessive-compulsive personality did develop

a clinical obsessive-compulsive disorder. A second trait strongly asso-

ciated with anorexia nervosa, and a component of obsessive-compulsive

personality disorder, is perfectionism. Among many studies of this

association Halmi et al. (2000) measured perfectionism using the

Multidimensional Perfectionism Scale (Frost et al., 1990). This scale

measures six aspects of perfectionism – concern over mistakes, personal

standards, parental expectations, parental criticism, doubts about actions

and organisation – and provides an overall perfectionism score.

Compared with those from a control group, perfectionism scores were

higher in all the groups with anorexia nervosa tested. Råstam also found a

strong association between anorexia nervosa and depression (Råstam,

1992); 35% of the young people in the sample with anorexia nervosa met

criteria for major depression at the time, and 94% had met them at the

time or previously (the figures were 4% and 25% respectively in the

controls). Deaths in people diagnosed with anorexia nervosa are often
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associated with depression, or with alcoholism (Korndörfer et al., 2003),

which is itself related to depression, rather than with malnutrition per se.

Other studies have shown associations with anxiety (Bulik et al., 1997;

Deep et al., 1995). Bulik et al. examined the prevalence and age of onset of

adult and childhood anxiety disorders in women with anorexia or bulimia

nervosa and in depressed and randomly selected controls. Because anxi-

ety is very common the lifetime prevalence of anxiety disorders was high

even in the random controls (32.7%) and even higher in the women who

were depressed (48.2%). But it was higher still in the anorexic and

bulimic women (60.3% and 56.9% respectively). Deep et al. found a

lifetime diagnosis of one or more anxiety disorders in 75% of women

recovered from anorexia nervosa. In both studies there was evidence that

in most of the women the anxiety disorders preceded the eating disorder.

Overanxious disorder and separation anxiety disorder were particularly

associated with anorexia nervosa, and overanxious disorder and social

phobia with bulimia (and with major depression). Many important risk

factors for eating disorders may be rather general risk factors for psychi-

atric disorders, which operate by their effect on these associated person-

ality and psychiatric characteristics, rather than on specific characteristics

of eating disorders, such as dieting. A carefully conducted case control

study, for example (Fairburn et al., 1999), found a broad range of risk

factors for anorexia nervosa and bulimia nervosa, but although they

distinguished women with eating disorders from women who were

well, most of them did not distinguish them from women with other

psychiatric conditions (anxiety disorders and depression). The only risk

factors specifically associated with anorexia nervosa were negative self-

evaluation and perfectionism. Bulimia nervosa was specifically associated

with childhood and parental obesity and an early menarche, at least as

they were reported by the young women affected.

Many people believe that eating disorders became much more com-

mon in the second half of the twentieth century. Gordon’s book, for

example, is called Eating Disorders: Anatomy of a Social Epidemic and he

refers to the ‘explosive increase in anorexic and bulimic conditions in our

times’ (Gordon, 2000). The difficulty here, as with other psychiatric

conditions such as autism, is in distinguishing a real rise in the incidence

of the condition from a higher detection and treatment rate once it has

come to public attention. Ideally one needs repeated community-based

surveys, using the same case detection procedures, carried out in the same

areas at different times. This requirement has been met to some extent for

anorexia nervosa, and data of this kind are summarised by Russell (1995).

He summarised a number of studies in which repeated surveys were

carried out on the same populations at different times, in south Sweden,
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north-east Scotland, Switzerland, and Monroe County and Rochester in

the USA. The trends over time in these areas are shown in Figure 9.1.

These data provide reasonable evidence for an increase in the incidence of

anorexia nervosa over the period from the 1950s until the 1980s. A more

recent summary of twelve population-based studies of the incidence of

anorexia nervosa (Pawluck & Gorey, 1998) also found an increase,

though it was restricted to women over 20. Russell (2004) offers a con-

vincing case that bulimia nervosa is essentially a new disorder, arising in

the period before 1972 when the first cases came to his attention. The

evidence comes from the lack of references to such a disorder in the early

psychiatric literature and in the archival medical records of the Mayo

Clinic in Rochester, and from cohort studies interviewing people of

different ages. Fombonne (1996) has reviewed studies of bulimia nervosa

based on medical records and on community surveys, and found no solid

evidence that the incidence of this condition rose further over the 1980s

and 1990s, though more patients with the disorders were seen in special-

ist treatment centres.

Although it is difficult to be sure of the explanation of changes in

the incidence of psychiatric disorders over time, there is some evidence

that media influences of various kinds can influence the development of
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Figure 9.1 Secular trends in the incidence of anorexia nervosa in four
countries. Data from Russell, 1995, Table 1.1.
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self-image problems that can play a role in the aetiology of eating disor-

ders. Laboratory-based studies of effects of this kind were reviewed by

Groetz et al. (2002), who summarised 25 studies involving controlled

experiments that examined the immediate effect of images of slender

models on the body image of women. These studies very consistently

showed that thin media images had a negative effect on the body sat-

isfaction of the observers. The effect was stronger in observers with a

history of body image problems or eating disorders. An example of a

population-based study showing this kind of media influence is the study

of Martinéz-González and colleagues conducted in Navarra in northern

Spain (Martı́nez-González et al., 2003). In this study a representative

sample of the 12–21-year-old female population was recruited in 1997,

and a two-stage procedure used to screen them for eating disorders.

Firstly, they were given a Spanish version of the Eating Attitudes Test

(EAT), and then high scorers on the test were examined by a psychiatrist

using a semi-structured interview. At the initial examination 2862 girls

were seen, and 119 cases of an eating disorder were identified (9 of

anorexia nervosa, 22 of bulimia nervosa and 88 of eating disorder not

otherwise specified). This comprises 4.15%. A group of 2509 girls who

were initially free of eating disorders were followed up over 18 months.

Over this period, 90 new cases arose (3.59%). The strongest predictors of

the new development of an eating disorder were unmarried parents and

eating alone at baseline. A less strong but statistically significant associ-

ation was found with time spent listening to radio programmes, though

associations were not found with television watching or magazine read-

ing. Harrison (2000b) examined the role of television watching in

7–9-year-old children. She found that television watching did to some

extent predict eating disorder symptoms as measured using the

Children’s Eating Attitudes Test (ChEAT), but it did not predict body

shape standards favouring thinness, suggesting, unexpectedly, that the

relationship between TV watching and eating disorder symptoms must

be mediated in some other way. She examined the same relationships in

older children and adolescents (Harrison, 2000a), and found no relation-

ship between the extent of ‘thin ideal’ television exposure and eating

disorder symptoms. An interesting natural experiment, however, is

reported by Becker et al. (2002), who examined Eating Attitudes Test

scores in the Nadroga province of Fiji in 1995, when television was

introduced for the first time, and then three years later. Traditional

Fijian body aesthetics do not emphasise slimness – rather the opposite –

and only one case of anorexia nervosa had ever been reported on Fiji by

the mid 1990s. The proportion of adolescent girls with EAT-26 scores

above 20 was 12.7% in 1995, but had risen to 29.2% by 1998 after three
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years’ exposure to television. Induced vomiting to control weight was

completely absent in 1995, but was reported by 11.3% of the girls in

1998. The samples were quite small and obviously other aspects of the

girls’ environment may also have changed over this period, but narrative

accounts from the young women involved testify to the influence of tele-

vision viewing on thin body image ideals. One, for example, said ‘When

I look at the characters on TV, the way they act on TV and I just look at

the body, the figure of that body, so I say, ‘‘look at them, they are thin and

they all have this figure’’, so I myself want to become like that, to become

thin’ (p. 513). In another, prospective, study Field et al. (1999) examined

the onset of purging over the following year in a group of about 7000

adolescent girls who were not purging at their first interview. Risk factors

included reports by the girls, at their first interview, that they were ‘trying

to look like females on television, in movies, and in magazines’.

9.2 Body image and dieting

Although the eating disorders are clearly related to other affective disor-

ders, especially those characterised by anxiety and depression, their more

specific characteristic symptoms relate to eating behaviour and body

image. In addition to young women with formally diagnosable eating

disorders there are much larger numbers who report occasional self-

induced vomiting or binge eating (10–50%) or have high scores on tests

of abnormal eating attitudes or behaviour (up to 20%), and even more

young women (50–60%) feel overweight and have dieted at some point

in their lives (Fisher et al., 1995). Young adolescents, especially girls,

show more generally a remarkable level of dissatisfaction with their size

and shape, a symptom which is central to the eating disorders. This

dissatisfaction can be measured by verbal questions or graphically,

using silhouettes. Silhouettes of people of different weights were first

developed as a research tool by Stunkard et al. (Stunkard, Sørenson &

Schulsinger, 1983), who used them during the course of genetic research to

allow people to estimate the body build of their parents. Fallon and Rozin

(1985) used these silhouettes in a study of undergraduate students in

order to secure estimates not only of the actual body shape of the students

as they perceived it, but also of their preferred (ideal) body shape. The

difference between the two can then be used as a measure of body

dissatisfaction. A version of this procedure using silhouettes of children

rather than adults was produced by Collins, and used in a study of a large

sample of preadolescent children around 8 years of age (Collins, 1991).

Collins found that even in these young children both males and females

preferred a thinner figure, with a bigger average discrepancy in girls.
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Collins also found significant correlations between the child’s assess-

ment of their current body size and their actual measured BMI, but these

correlations do not in themselves show how accurate the child’s assess-

ment of their own body size is, as the silhouettes used did not correspond

to a known BMI. A high correlation simply shows that two variables are

systematically related, and can be found even when body size is also

systematically over- or underestimated. Truby and Paxton (2002), how-

ever, have developed a comparable scale (the Children’s Body Image

Scale) that was based on children of known BMI. Pre-pubescent children

of varying BMIs were photographed in their underwear in a standard

(anatomical) position. The BMIs of the children chosen corresponded

closely to the 3rd, 10th, 25th, 75th, 90th and 97th centiles of the NCHS

reference population (Hamill et al., 1979). The same head was then

substituted onto the bodies, and the figures adapted so that they were

similar to one another except in respect of their BMIs. Using this scale

with 7–12-year-old children, Truby and Paxton (2002) reported the

mean discrepancy between the children’s actual and perceived BMI as

well as the correlation between the two. Girls of all ages matched them-

selves to a figure of lower BMI than their own – i.e. they significantly

underestimated their body size. The correlation between their actual

BMI and their perceived BMI was reasonably high (between .5 and .6)

at all ages. In boys the same was true from 8 to 12, though the size of the

discrepancy was smaller, and the correlations with actual weight were also

smaller (.3 to .4). The youngest boys were unable to match their BMIs to

that of the models at all.

We noted in Chapter 8 the difficulty presented for research studies by

the lack of simple measures of adiposity that distinguish body fat from

other contributors to body mass. Even a scale based on known BMIs

incorporates the same fundamental problem of the BMI, which is that it

reflects weight adjusted for height and not fatness per se. The same

confusion is clearly present in the perception people have of their own

fatness (Davis et al., 1993). Davis et al. examined the relationship

between different measures of body composition, weight dissatisfaction

and dietary restraint in young women. The BMI was calculated from

height and weight in the usual way. Frame size was calculated from

measurements of a number of skeletal dimensions. Adiposity was esti-

mated directly from skinfold measurements taken at four sites (biceps,

triceps, subscapular and suprailiac). Davis et al. found that restrained

eating and weight dissatisfaction were significantly associated with a

higher BMI, as one would expect. When frame size and adiposity, two

components of the BMI, were examined separately, however, restrained

eating and weight dissatisfaction were strongly related to frame size, but
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were not related to adiposity at all – indeed, once frame size was taken into

account the BMI itself did not predict restrained eating or weight dissatis-

faction further at all. The implication is that the main source of body

dissatisfaction in these young women comes not from how fat they are but

from skeletal characteristics which no amount of restrained eating is

going to alter.

How early does this body dissatisfaction arise? Wardle and Beales (1986)

examined body image in 12–17-year-old London school children. The

heights and weights of the children were measured, and the children

were asked what weight they would like to be, and whether they felt

themselves to be ‘thin’, ‘slightly underweight’, ‘just right’, ‘slightly over-

weight’ or ‘fat’. Among the girls, 10% thought themselves underweight,

40% thought themselves slightly overweight and 12% thought themselves

fat. Among the boys, on the other hand, 34% thought themselves under-

weight, 22% thought themselves slightly overweight and 5% thought

themselves fat. Responses were related to the actual measured weights

of the children: the more overweight they were, the bigger the difference

between their actual and preferred body weight. Hill, Draper and Stack

(1994) investigated these relationships in 9-year-old children. The

weights and heights of the children were measured anthropometrically,

and their body shape preferences measured using silhouettes. The results

for body shape satisfaction are shown graphically in Figure 9.2. The

overweight group had average BMIs of 21.7 in girls and 22.3 in boys, so

both groups exceeded the more recently defined BMI criteria for over-

weight in children of this age (Cole et al., 2000). Both overweight boys

and overweight girls preferred to be thinner, and there was no obvious

difference between them. Underweight boys and girls preferred to be

heavier. In three groups of intermediate weight, however, the boys gener-

ally wanted to be heavier, and the girls thinner. Even a sample of 5-year-

old girls showed some body dissatisfaction and weight concern (Davison,

Markey & Birch, 2000).

Body dissatisfaction is of particular importance because there is

reasonably good evidence that it is involved in the aetiology of eating

disorders. Wardle and Beales (1986) examined dietary restraint as well

as perceived overweight in their study, and found that there was a sig-

nificant correlation between dietary restraint and perceived over-

weight even when its relationship with actual overweight was allowed for.

Veron-Guidry and Williamson (1996) found a small but statistically sig-

nificant correlation between body dissatisfaction scores and scores

on the ChEAT, the children’s version of the Eating Attitudes Test, in

children 8–13 years old. In the study of Truby and Paxton (2002) the

perceived-ideal body size discrepancy in 10–12-year-old children was
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significantly related to scores on the restraint scale of the Dutch Eating

Behaviour Questionnaire, both in boys and girls. In a very careful system-

atic review Stice and Shaw (2002) have found consistent evidence for body

dissatisfaction being a risk factor for eating disorder symptoms. A risk

factor for an eating disorder here needs to be distinguished from a symptom

of an eating disorder, and from an effect of an eating disorder. The key issue

is whether evidence can be provided that the body dissatisfaction preceded

the eating disorder symptoms. The evidence Stice and Shaw reviewed

came from experimental studies or prospective longitudinal studies that

allowed the temporal precedence of variables to be established. Although

there have been isolated exceptions, eight independent studies have shown

that elevations in body dissatisfaction does predict subsequent increases in

eating disorder or bulimic symptoms; Stice (2002) describes body dissat-

isfaction as ‘one of the most consistent and robust risk and maintenance

factors for eating pathology’ (p. 832). There are two possible pathways by

which it might be having its effects, through effects on mood and through

effects on dieting.

As regards effects on mood, Stice and his colleagues have shown in two

independent longitudinal studies that body dissatisfaction predicts sub-

sequent increases in depressive symptoms (Stice & Bearman, 2001; Stice

et al., 2000). In the first of these studies (Stice et al., 2000) 1,124 girls

between 13 and 17 years of age at study entry were studied over four

years. Body dissatisfaction, dietary restraint, bulimic symptoms, depres-

sive symptoms and major depression were examined at each time point.

Participants who had ever met criteria for major depression when they

entered the study were excluded from prospective analyses, which con-

centrated on the predictors of a major depression over the following

three-year period in those who were not initially depressed. Body dissatis-

faction, dietary restraint and bulimic symptoms were all associated with

the subsequent development of a major depression. In the second study

(Stice & Bearman, 2001) 231 young women from 13–17 years of age were

followed up for 20 months. In this study depressive symptoms, rather

than major depression per se, comprised the outcome variable. Again

body dissatisfaction predicted increased levels of depression (and

increased dieting and bulimic symptoms). In all the analyses there was

careful control for initial levels of depression.

As regards effects on dieting, an example of a study relating body

dissatisfaction to subsequent increases in dieting is the longitudinal study

of college women by Cooley and Toray (2001). The young women

were followed up over a three-year period, and dieting assessed at the

beginning and the end of the period using a 10-item dietary restraint

scale. Body image dissatisfaction in the young women was assessed at the
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beginning of this period, using a comparison of their perceived body

weight, which was highly correlated with their actual BMI, and their

ideal body weight. Body image dissatisfaction was the only significant

predictor of increased dieting scores over this three-year period. This

relationship was reported in the first longitudinal study in this area

(Patton et al., 1990) and has been a consistent finding since (Stice, 2002).

Dieting is very common, especially in young women. A study in 12–13-

year-old girls found that 15.8% were dieting and 33.6% had dieted at

some time (Roberts et al., 2001). French et al. (1995) examined correlates

of dieting in a large (>30,000) sample of 12–20-year-old school students

in Minnesota. They were asked how often they had gone on a diet

(‘changing the way you eat so you can lose weight’) in the last year and

classified into five groups based on dieting frequency. ‘Non-purgers’ were

separated from ‘purgers’. About 62% of females and 21% of males

reported dieting once or more often over the previous year, and 15% of

females and 6.5% of males reported purging. There were striking associ-

ations between dieting and other generally problematic types of health-

related behaviour, especially in females. The more frequent dieters, for

example, used alcohol, tobacco and other drugs more, had a higher

suicide risk and were more likely to have had sexual intercourse. They

were also more likely to have been physically and sexually abused. All

these associations remained statistically significant after control for age,

socio-economic status, ethnicity, grade in school and BMI. Purging was

independently associated with effects in the same direction. Statistically

significant associations found in males after control for the same cova-

riates were also in the same direction. French et al. did not examine the

relationship between dieting and body size, but in a study of Australian

adolescents (Patton et al., 1997) a strong relationship between dieting

and the BMI was found in both males and females, with dieting much

more prevalent in those with higher BMIs. This study also found a higher

rate of psychiatric morbidity among dieters, both in males and females,

with particularly high rates in female extreme dieters. A strong and

systematic relationship between dieting and the BMI was also found in

another study of 14–16-year-old girls (Barker et al., 2000), with every

increase in BMI from under 19 to over 24 kg/m2 associated with an

increased probability of dieting. Girls at the top of the range were 19

times as likely to diet as those at the bottom. So at least one of the risk

factors for eating disorders is likely to become more common as over-

weight and obesity become more common. Dieting was associated with a

reduced energy intake, as least according to the girls’ own reports, but

also with a greater consumption of green vegetables and brown bread.

Some dissatisfaction with body weight was therefore also associated with
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a diet closer to current recommendations for healthy eating. As one might

expect, there is a relationship between dieting and psychosexual maturity

in young women. Cauffman and Steinberg (1996) found that dieting was

more likely in girls who were dating boys, even when age and menarchial

status were taken into account.

Much of the recent research work in this area has measured dietary

restraint, rather than dieting per se. Dietary restraint is a more cognitive

concept, implying the intention to restrict food intake to lose weight

rather than simply dieting behaviour. It is, however, related to dieting

itself. In two studies of adults more restrained eaters were found to eat less

than less restrained eaters (Laessle et al., 1989; Wardle & Beales, 1987).

In both studies their average BMIs were slightly higher. As the nutritional

data were collected by self-reporting methods, a possible interpretation of

these studies is that they show a reporting bias, with restrained eaters

underreporting their actual intake. However in a later study Tuschl et al.

(1990) simultaneously examined energy intake assessed by food diaries

over a 14-day period and energy expenditure measured by the doubly

labelled water method. The restrained eaters had a significantly higher

BMI, and again had a significantly lower energy intake as assessed from the

14-day diaries. Their energy expenditure was also significantly lower, by an

amount that at least approximately matched their lower energy intake.

This suggests that they were not underreporting their energy intake.

Like body dissatisfaction, dietary restraint develops quite early in the

lives of young women. Hill, Oliver and Rogers investigated this in 9 and

14-year-old girls in the UK (Hill, Oliver & Rogers, 1992). In this study

dietary restraint was measured using the Dutch Eating Behaviour

Questionnaire (Van Strien et al., 1986). The average restraint scores

were as high in the 9 as in the 14-year-old girls. In a later study (Hill &

Robinson, 1991) decreased energy intake was found in restrained 9-year-

old girls, at least according to their own records. Carper, Fisher and Birch

(2000), using an age-adapted version of the Dutch Eating Behaviour

Questionnaire, found that one third of 5-year-olds reported some dietary

restraint. At this age, however, ‘talking the talk’ about dieting (Carper,

Fisher & Birch, 2000) does not correspond to actual dieting behaviour, a

link which does, however, appear by the age of 7, at least according to the

children’s own reports (Shunk & Birch, 2004).

Does dieting lead to eating disorders? Longitudinal studies in which the

relationship between self-reported dieting and subsequent increases in

eating pathology are examined generally do show a relationship between

the two. For example, Stice and Agras (1998) showed that dieting was the

strongest predictor of the onset of binge eating and of compensatory

behaviours over a nine-month period in 16–18-year-old women who were
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not bingeing when they were first assessed. Patton et al. (1999) examined

predictors of eating disorders over a three-year period in a sample of just

under 2000 school children who were 14–15 years old at the start of the

study. The young women’s heights and weights were measured, and their

dieting, psychiatric morbidity and eating disorders assessed at the start of

the study and then at six monthly intervals for three years. In this study

there were two strong predictors of the development of eating disorders.

Young women who dieted at a moderate level were five times more likely

to develop them, and those who dieted at a severe level were 18 times

more likely to do so. Independently, the young women in the highest

category for psychiatric morbidity were almost seven times as likely to

develop an eating disorder. The newly developing disorders in the study

were partial syndromes of bulimia nervosa. Most other longitudinal

studies of dieting show that it does predict the subsequent development

of eating pathology (Hsu, 1997; Stice, 2002). There is some evidence that

negative affect and dieting have synergistic effects, with high scores on

both predicting a greater level of binge eating than would be expected

from the additive effects of the two individual scores (Stice et al., 2000).

9.3 Genetic and other risk factors

In spite of the strong cultural pressures they are subjected to, most young

women do not develop eating disorders, and there is some evidence that

the vulnerability in those who do is partly genetic in origin.

To begin with, it is clearly familial, with a higher risk of an eating

disorder found in the relatives of known cases. This was established, for

example, in a large-scale study of Strober et al. (2000). The study began

with a sample of female probands 18–28 years old. Of these 152 were

young women with the restricting sub-type of anorexia nervosa (i.e. with-

out bulimic symptoms); 171 were young women with pure bulimia

nervosa; and the remaining 181 had no history of a psychiatric illness.

Relatives of the probands over 12 years of age were investigated using

formal diagnostic interviews for eating disorders and for other psychiatric

disorders. Of the female relatives of probands with anorexia nervosa,

6.8% had full or partial syndrome anorexia nervosa (equal numbers of

each) and 7.2% had full or partial syndrome bulimia nervosa. Of the

female relatives of probands with bulimia nervosa 7.1% had full or partial

syndrome anorexia nervosa, and 7.7% had full or partial syndrome buli-

mia nervosa. The rates in the female relatives of the young women with no

history of psychiatric illness were much lower (0.9% for anorexia nervosa

and 2.2% for bulimia). Adjusted for age, the risk of anorexia nervosa was

11.4 times as high in the relatives of young women with anorexia nervosa,
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and the risk of bulimia 3.7 times as high in the female relatives of young

women with bulimia nervosa. The risks across disorders were almost

exactly the same: the risk of anorexia nervosa was 12.1 times as high in

the relatives of young women with bulimia, and the risk of bulimia 3.5

times as high in the female relatives of young women with anorexia. The

study was set up specifically to start with probands with the pure forms of

anorexia and bulimia nervosa (i.e. without intermediate or mixed con-

ditions) so these familial liabilities to the other eating disorders as well as

to the one diagnosed in the proband do strongly suggest that the familial

liability is to an eating disorder per se, rather than to one or other of the

specific syndromes. Results of this kind provide additional grounds for

Waller’s (1993) argument that the general diagnosis of an eating disorder

may be more significant psychologically than a differential diagnosis

within the eating disorders.

To show more specifically that there are genetic influences on a dis-

order (rather than familial influences, which could be of other kinds) has

generally depended on studies of twins. Twin studies are difficult to

conduct in relation to eating disorders owing to their low prevalence,

but the available data suggest that if one of a twin is diagnosed with

anorexia nervosa the other twin has about a 50% probability of having

the same disorder if the twins are monozygotic, and a less than 10%

probability if they are dizygotic (Treasure & Holland, 1995). More recent

summaries which deal with population-based twin studies as well as

studies of treated patients generally confirm this genetic influence,

though the exact size of the genetic contribution is hard to estimate

owing to the small number of twin pairs available (Gorwood, Kipman &

Foulon, 2003).

Genetic predispositions to eating disorders could operate in many

different ways. They might influence associated personality traits, for

example obsessive-compulsive traits or perfectionism, or associated psy-

chopathological traits such as a tendency to anxiety or depression, or they

might influence adiposity and weight loss (Hebebrand & Remschmidt,

1995). There is also evidence that the genetic influences may vary with

age. Although their study did not deal specifically with diagnosable eating

disorders, but with eating attitudes and behaviour recording on the

Eating Disorder Inventory, Klump et al. found little genetic contribution

to variability in weight preoccupation or eating abnormalities in 11-year-

old twin pairs, but a quite strong (> 50%) genetic contribution in 17-

year-old pairs (Klump, Kaye & Strober, 2001). They suggest a number of

explanations by which genetic influences might come to operate over the

adolescent period in this way. One is that a gene may be activated by

hormonal or other changes taking place over puberty. Another involves a
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gene–environment correlation in which, for example, girls going into

puberty are able to choose peer groups more similar to themselves in

eating and dietary habits and so find social support for their own devel-

oping eating disorder.

Specific environmental risk factors in the personal histories of people

with eating disorders have not been easy to identify. One possibility that

has been given a good deal of attention is early sexual abuse (Connors &

Morse, 1993; Everill & Waller, 1995; Waller, 1998; Wooley, 1994). Case

histories and case series do show high levels of reported sexual abuse in

young women with eating disorders. Unfortunately they are also

quite common in other young women. In the Christchurch Health and

Development Study (Fergusson, Horwood & Lynskey, 1996; Fergusson,

Lynskey & Horwood, 1996), 10.4% of the study participants reported

some kind of sexual abuse by the time they were 16 years old, and the

rates were much higher in girls than in boys. Attempted sexual inter-

course was reported by 5.6% of girls and 1.4% of boys. So more specific

evidence is needed, and a recent prospective longitudinal study, in which

782 mothers and their offspring were interviewed when the offspring were

children and again when they were adolescents and adults, did find that

sexual abuse in childhood was a strong risk factor for self-induced vomit-

ing, strict dieting and eating disorders (Johnson et al., 2002). In this study

rates of other psychiatric disorders were also considerably raised. For

those reporting attempts at sexual intercourse as children major depres-

sion was about eight times as common and suicide attempts about twelve

times as common. Other psychiatric problems (anxiety or conduct dis-

orders or alcohol or other substance abuse or dependence) were three to

five times as common. This suggests that a history of sexual abuse pre-

disposes to a range of later psychiatric disorders, including the eating

disorders, rather than predisposing to eating disorders specifically, which

is consistent with an earlier, retrospective study. Welch and Fairburn

(1994) compared the history of sexual abuse in four groups of women,

comprising a group of clinic patients with bulimia nervosa, a second

group in which bulimia nervosa was identified by screening a population

through general practice registers, a third group identified in a similar way

but with other psychiatric disorders (mostly with depression, but some

with anxiety disorders), and a control group who were free from psychi-

atric disorders but were otherwise comparable to the community group

with bulimia nervosa. The control group comprised 100 women, and the

other three groups 50 each. The results were quite clear. A reported

history of sexual abuse was significantly more common in the bulimic

women than in otherwise comparable control women, with abuse involv-

ing physical contact being reported by 26% of the bulimic women and

204 The Nutritional Psychology of Childhood



only 10% of the controls. But a history of sexual abuse was equally

common in women with depression or anxiety disorders (24%). So

although there is an association between sexual abuse and bulimia, it is

part of a much more general association between sexual abuse and the

later development of a range of psychiatric disorders. Similar associations

were reported in respect of people with binge eating disorder: a history of

physical and sexual abuse is more common when they are compared with

healthy controls, but not when they are compared with general psych-

iatric controls (Fairburn et al., 1998).

The incidence of formally diagnosed eating disorders increases mark-

edly over the years around puberty. Two plausible developmental risk

factors for eating disorders are increased adiposity at this time and the

timing of puberty itself. Both can lead to increased body dissatisfaction,

and they are also related to one another because greater adiposity leads to

earlier puberty (Davison, Susman & Birch, 2003). The increase in

adiposity before puberty is also greater in girls than boys (Figure 1.1).

Dancyger and Garfinkel (1995) compared young women with full and

partial syndrome eating disorders and found a personal history of over-

weight from 6 to 12 years of age in 37% of those with the full syndrome,

12% of those with the partial syndrome and 7% of a control group. The

proportion overweight from 13 to 15 were 70%, 55% and 21% respec-

tively. The personal histories came from the young women themselves,

however, and distorted body image is a characteristic symptom of eating

disorders. Longitudinal data with actual measurement of body size is

needed to provide convincing evidence of an association. There is some

evidence from longitudinal studies that higher relative weights do predict

the development of eating disorder symptoms: this effect was found, for

example, in the study of Gardner et al. (2000) described above. An overall

quantitative summary of published studies showed that higher initial

body mass does predict the development of eating pathology (Stice,

2002). The effect is a small one, though initial body mass is more strongly

related to increases in body dissatisfaction and dieting of a more general

kind. As regards the timing of puberty, although it is not very consistent,

there is some evidence that earlier puberty is associated with higher rates

of eating disorders (Graber et al., 1997; Wichstrøm, 2000). Again a

quantitative summary of the available studies showed that this was a

statistically significant but very small association (Stice, 2002). Small

though these associations are, it could be argued that increased obesity

and earlier puberty might to some extent underlie the secular trend towards

increased eating disorders seen in Western countries in recent years.

Because the incidence of clinically diagnosable eating disorders

increases around the time of puberty, longitudinal research on the eating
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disorders has reasonably enough often started in the second decade

(Attie & Brooks-Gunn, 1989; Calam & Waller, 1998; Cattarin &

Thompson, 1994; Wichstrøm, 2000). The first of these longitudinal

studies was by Attie and Brooks-Gunn (1989). The 193 children in the

study were seen when they were 12–15 years old and then two years later.

They were white children from academically oriented private schools in

New York. The principal outcome measure at the two-year follow-up was

the girls’ score on the Eating Attitudes Test (EAT). An abbreviated

version of this scale was also used when the children were initially seen.

This design allows two types of analysis, firstly of the variables associated

with high scores when the children were first seen, and secondly of the

variables associated with change in their scores over the two year follow-

up. When first seen, a range of different variables predicted EAT scores.

EAT scores increased with the child’s age (from 12 to 15). They were

higher in fatter children. And they were strongly related to poorer body

image and to a measure of psychopathology. Higher EAT scores at the

later visit were predicted by higher EAT scores at the first visit (the raw

correlation was 0.44). The only significant predictor of change in the scores

among the variables measured at the first visit was body image; EAT scores

increased more in children with a poorer body image at the first visit.

Cattarin and Thomson (1994) followed 210 female adolescents who

were 10–15 years old at the start of the study over a period of three

years. Eating disorder was assessed using two subscales of the Eating

Disorder Inventory, the Drive for Thinness subscale and the Bulimia

subscale. These measure restrictive and bulimic aspects of disordered

eating respectively. For both scales the only significant predictor was the

level of scores on the same scale at the start of the study. Similarly, in the

study of Calam and Waller (1998) EAT and BITE scores measured at

12 years of age were the only significant predictors of EAT and BITE

scores at 19 years. In the largest longitudinal study over the teenage years,

Wichstrøm (2000) used a representative nationwide sample of 7751

Norwegian adolescents. They were 12–19 years old during the first

wave of data collection, and they were studied again in a second wave of

data collection two years later. Eating problems were assessed using a 12

item version of the EAT. Apart from gender, the strong predictor of

disordered eating at the second time point was disordered eating at the

first time point. There was no significant interaction with age; even in the

youngest (12-year-old) children the best predictor of later high EAT

scores was high EAT scores at the first measurement wave.

All these studies show, therefore, that high scores on the EAT by the

age of 12, indicating abnormal eating attitudes, are the strongest predic-

tor of later disordered eating scores – indeed it has been hard to identify
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any other consistent predictors of high later eating disorder scores. The

implication is that although diagnosable eating disorders rise in incidence

over the teenage years, the psychological characteristics associated with

high eating disorder scores are substantially present in many young

women by 12 years of age. We need, therefore, to consider whether

there are any earlier predictors of these characteristics, which requires

studies starting earlier in childhood. Three studies which start in early

childhood are relevant here (Gardner et al., 2000; Marchi & Cohen,

1990; Stice, Agras & Hammer, 1999).

In the study of Gardner et al. (Gardner, Stark, Friedman & Jackson,

2000) 216 children were recruited within six months of their 6th, 9th or

12th birthday, and examined annually for the next three years. Eating

disorders were assessed using the Eating Disorder Inventory for Children

(EDI-C) subscales for drive for thinness and bulimia from 6 to 8 years,

and the children’s version of the Eating Attitudes Test (ChEAT) from

9 to 14. Even at 6 years eating disorder symptoms were associated with

low body esteem (and with teasing). At later ages (from 9 on) low body

esteem, depression, body dissatisfaction, teasing and heavier weight were

associated with higher eating disorder scores. Forward predictions over

three years were also reported. In both boys and girls higher weight gain

predicted higher scores. In girls increased body dissatisfaction also pre-

dicted high scores. Unfortunately forward prediction from earlier eating

disorder scores was not examined.

Stice, Agras and Hammer (1999) examined the development of eating

disturbances over the first five years. Just over 200 infants were recruited

at birth and a range of measures recorded in the first year of life. These

included the infant’s BMI and a sucking measure from a feeding test at 2

and 4 weeks of age, and a range of eating disturbance measures relating to

the child’s mother taken from scales from the Three Factor Eating

Questionnaire (Stunkard & Messick, 1985) and the Eating Disorder

Inventory (Garner, Olmsted & Polivy, 1983). The mother’s BMI was

also measured. The outcome measures comprised answers to single

questions to the child’s mother concerning inhibited eating, secretive

eating, overeating and overeating-induced vomiting in the child. These

were intended to assess the kinds of behaviour in a child of 5 that might

be manifestations of the bulimic or anorexic behaviour patterns seen later

in adolescents or adults. Each of the four kinds of behaviour became

progressively more common over the five-year period. Inhibited eating

was more common in children with heavier mothers. It was not related to

the child’s own BMI though this was measured only at 1 month of age –

it may have been related to their BMI when they were older. Secretive

eating was associated with a number of measures recorded in the child’s
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mother, including her BMI, body dissatisfaction and bulimic symptoms,

though vomiting in the child was not. It would be very interesting to know

to what extent these types of behaviour in 5-year-old children do relate to

scores on more formal eating disorder scales of the kind that can be used

in slightly older children (Maloney, McGuire & Daniels, 1988), and to

dietary restraint, as the beginnings of dietary restraint can already be seen

in 5-year-old children (Shunk & Birch, 2004). Using an adapted version

of the restraint scale from the Dutch Eating Behaviour Questionnaire,

Shunk and Birch found that dietary restraint in 5-year-old children was

significantly related to weight concerns and to lower body esteem, though

not to dieting itself at the time. Dietary restraint was, however, related to

self-reported dieting by 7 years of age, and to self-reported dieting and to

higher ChEAT score by 9.

In the study of Marchi and Cohen (1990) children were recruited when

they were 1–10 years old, and followed up for a ten-year period and then

later (Kotler et al., 2001). The study sample was originally drawn as a

representative random sample of families living in two upstate New York

counties. Marchi and Cohen asked the children’s mothers about their

eating behaviour at three different ages, and the outcome data were

reduced by factor analysis to give a limited number of scores. One of

these concerned ‘pickiness’, which involved eating slowly, eating little and

a low interest in food. Children who were picky eaters when 1–10 years old

were more likely to show symptoms of anorexia nervosa ten years later.

Pickiness from 8–18 years of age was also associated with anorexia

symptoms two years later, though not subsequently (Kotler et al., 2001;

Marchi & Cohen, 1990). Pica (eating of substances that are not foods)

was associated with bulimia symptoms. Eating conflicts, struggles around

meals and unpleasant meals were related to anorexia nervosa symptoms at

a later stage, but as they were assessed in early childhood over a wide age

range (1 to 10) it is hard to know to what extent they might have resulted

from initial stages of the development of disordered eating. Eating too

little over the same age range protected against later bulimia nervosa.

These longitudinal studies suggest that there are developmental con-

tinuities in disordered eating attitudes and behaviour over the period

from early adolescence, and give hints (perhaps not more) that there

may be some relationship between early feeding behaviour and later

eating disorder symptoms. Are there any other aspects of family life that

can be linked with the development of eating disorders? If there are it has

been very difficult to identify them. There are two problems in doing so.

Prospective studies of eating disorders have been difficult to carry out

because of the low rates of eating disorders in the population. Even if, say,

5% of young women eventually develop an eating disorder of some kind
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it would be very hard to carry out intensive family based investigation on

the number of families required in childhood to give a group of affected

young women later on of any reasonable size. So most research on family

based risk factors has been retrospective (Fairburn et al., 1999; Karwautz

et al., 2001; Murphy, Troop & Treasure, 2000). The difficulty with

retrospective studies is that the earlier characteristics of the families

generally have to be identified via the young women with the eating

disorders, whose cognitive processes are likely to be distorted. It is quite

possible, for example, that young women who develop anorexia nervosa

have mothers who are more controlling (Murphy, Troop & Treasure,

2000) or parents with higher expectations (Karwautz et al., 2001) but it is

hard to be sure without independent sources of evidence, which in

relation to early family experiences tend not to be available. That is one

problem. A second problem is that the behaviour of the parents in a family

with a child with a psychological (or a physical) disorder can change as a

response to the disorder. Blair, Freeman and Cull (1995), for example,

compared the families of young women with anorexia and those of young

women who were well, using self-reports from the young women and

their siblings and parents. There were differences between them in a

measure of ‘expressed emotion’. Families with high expressed emotion

were those in which parents made critical comments or were rated as

hostile. Few of the families of well children showed high levels of

expressed emotion (3%) while many more of the families of young

women with anorexia nervosa did (42%). But this study also investigated

a third group of families, in which the daughters had cystic fibrosis, and

high expressed emotion was also found in 34% of these families. As we

have seen, cystic fibrosis, like anorexia nervosa, is a life-threatening

chronic illness that leads to malnutrition, poor growth and delayed pub-

erty. But it is known to be a genetic disorder, so the high expressed

emotion in the families in which a daughter had cystic fibrosis cannot

possibly have caused the disorder, and presumably must have developed

as a result of the illness in their child. Since living with a child with

anorexia nervosa is likely to be as stressful, or even more stressful, this

characteristic of the families of the young women with anorexia nervosa

could also be a result rather than a cause of the condition.

9.4 Intergenerational aspects of eating disorders

Eating disorders are most common in women, and they mostly arise in the

early reproductive years. They are familial, and their less than perfect

concordance in monozygotic twins suggests a considerable environmen-

tal influence in their aetiology. The question therefore arises whether the
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development of young children is affected if their mother has an eating

disorder, and if so how. Two approaches to the problem are possible. One

can start with the mothers, and look for problems in the children of

mothers with eating disorders. Or one can start with the children, and

look for eating disorders in the mothers of children with feeding or growth

problems.

In countries where malnutrition is common maternal malnutrition in

pregnancy is an important cause of intra-uterine growth retardation,

leading to infants born small for gestational age and, in some cases,

preterm. Although malnutrition in pregnancy is not generally common

in Western countries, the ‘elective malnutrition’ seen in some women

with eating disorders can have the same effects as malnutrition caused in

any other way. Using the first approach to the problem, Treasure and

Russell (1988) recruited six women with long-standing anorexia nervosa

and examined the pre- and postnatal growth of their infants. The average

BMI of the women was 16.8 kg/m2, and their average weight gain over the

pregnancy was low (8 kg). Growth of the infants before birth was assessed

by measuring their abdominal circumference using ultrasonography, and

it was clearly delayed in the third trimester. In the period after birth,

however, the growth of the infants ‘caught up’ over the first six months.

A similar result has been reported by Waugh and Bulik (1999). They

recruited ten women with an eating disorder and ten randomly selected

controls, and showed a statistically significant reduction in the birth-

weight of the infants of mothers with the eating disorders (of over half a

kilogram), and in their birth length. Again the infants caught up and were

very similar to the infants born to the control mothers by 3 months of

age. Using the second approach to the problem, Conti, Abraham and

Taylor (1998) compared the mothers of infants born preterm or small for

gestational age and the mothers of control infants, using the Eating

Disorder Inventory and Eating Disorder Examination to assess eating

disorders and their symptoms. In the three months before the pregnancy,

as assessed retrospectively, there was a considerably higher prevalence of

DSM-IV diagnosable eating disorders in the mother of infants born SGA

(32%) than in the mothers of infants born preterm (9%) or of normal

weight at term (5%). Cigarette smoking is also associated with a lower

birthweight (Kramer, 1987), and the mothers of the SGA infants smoked

significantly more, but in multivariate analysis scores on the EDI bulimia

subscale were significantly associated with an SGA birth after controlling

for cigarette smoking. There is, therefore, good reason to think that eating

disorders in the mother are associated with slow growth of the infant in

late pregnancy and a low birthweight, an unhappy parallel with the wide-

spread effects of malnutrition on birthweight in less developed countries.
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The possibility that eating disorders in the mother might also adversely

affect an infant’s growth after birth arises because mothers with an eating

disorder might restrict the food intake of their children as well as their

own, especially, perhaps, if they are girls. Another possibility is that the

depression that is often associated with eating disorders in the mother

might adversely affect their interactions with the infant and so affect the

infant’s growth. Although the two studies cited above do not suggest that

the infant’s growth is affected in the period after birth, this possibility has

been investigated more directly. Again, two approaches have been taken –

first to start with mothers with eating disorders and to investigate how

they feed their children and the way their children grow, and second to

start with children who have eating problems or grow poorly and to

investigate the possibility of eating disorders in their mothers.

Taking the first approach, suggestive evidence of a relationship was

published by Brinch, Isager and Tolstrup (1988) and by van Wezel-

Meijler and Wit (1989). In the study of Brinch et al. 140 women diag-

nosed with anorexia nervosa in the Rigshospitalet in Copenhagen were

followed up on average 12.5 years later, when 50 of them had given birth,

and they had 86 children between them. Of the infants, 14.3% were born

below 2500 g, compared with 6.8% in the background population,

reflecting the prenatal effects referred to above. The proportion dying in

the first week of life was 81 per 1000, compared with a proportion of 14

per 1000 in the Danish population as a whole over the period in which the

children were born. Of the seven children who died, five died due to

complications of prematurity. Failure to thrive in the first year of life was

reported in 17% of the infants. Unfortunately the criteria used to identify

it were not very clear, and no comparisons are available with infants of

similar birthweights and gestation from the same population.

In the first controlled investigation of failure to thrive in the infants of

mothers with eating disorders, Stein et al. (1994) recruited two groups of

mothers. The index group comprised 34 mothers who had had an eating

disorder in the year after they gave birth. Of these, six met DSM-III-R

diagnostic criteria for bulimia nervosa, 12 met them for an eating disorder

not otherwise specified (EDNOS) and 16 were subthreshold cases. The

controls comprised 24 mothers comparable in age and social class, but

without a history of eating disorders. The mean birthweights of the

infants born to the mothers in the two groups were very similar (3373 g

for the index group and 3448 g for the controls). At 12–14 months the

infants born to the mothers with eating disorders were relatively lighter

than the infants born to the control mothers, though the difference was

not quite statistically significant. In a later paper (Stein et al., 1996)

the same group of mothers was compared with two other groups, a

Adolescence and the eating disorders 211



group who were depressed in the post-natal year and a control group. The

control group partly overlapped with those used in the earlier analysis,

but was larger, and in this comparison the infants of the eating disordered

group were significantly lighter than the infants in the other two groups.

This is a suggestive but slightly equivocal result, and it was not replicated

by Whitehouse and Harris (1998), who examined attained weight and

height (and BMI) in children of a group of eating disordered mothers and

matched controls. The groups were rather small, but no significant differ-

ence was found in the weights, heights or BMIs of the children when they

were 31–60 months old. Agras et al. (1999) examined the early feeding of

children of eating-disordered mothers and found no effect of the mothers’

eating disorder on their children’s BMI at any stage over the first five

years, though the mothers were significantly more concerned about their

children’s weights. These authors used a mixed group with bulimia

nervosa, binge eating disorder, anorexia nervosa and partial syndromes

of each. Difficult though it would be, it might be necessary to examine

more clearly differentiated groups of mothers, for example those with

restricting and other forms of eating disorder, if the relationship between

eating disorders in the mother and infant weight gain is to be clarified.

Stein et al. (1994) have also examined the actual behaviour of eating

disordered mothers and their infants during mealtimes, and also during

play sessions. They were more intrusive than the control mothers, both

during mealtime interactions and during play, and expressed more neg-

ative emotion towards their infants during mealtimes. There was more

marked conflict during mealtimes and the mood of the infants was rated

as slightly less happy on average both during meals and at play. When

considered simultaneously in regression analyses, infant weight was pre-

dicted by mothers’ concerns about her own body shape and by conflict

during mealtimes (after controlling for the infant’s birthweight and the

mother’s height). This may mean that conflict interferes with the infants’

food intake and slows growth, but as the mealtime measures were made

when the infants were 12–14 months old it could alternatively mean that

poor weight gain in the infants led to conflict during meals.

Taking the alternative approach, McCann et al. (1994) examined eat-

ing disorder symptoms in the mothers of children who failed to thrive.

The children were identified from the patient lists of two Oxfordshire

paediatricians; their weights at referral were on or below the 3rd centile.

None of the mothers of these children fulfilled diagnostic criteria for

anorexia nervosa or bulimia nervosa, but as a group they did score

significantly higher on the restraint subscale of the Eating Disorder

Examination. Eating disorder symptoms in mothers could be associated

with feeding problems in their children even if their growth was not
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affected, since not all feeding problems are associated with growth prob-

lems. Stein et al. (1995) examined eating disorder symptoms in the

mothers of 30 children (aged 2–12) with an ICD-10 (International

Classification of Diseases, 10th revision) diagnosis of a feeding disorder.

The criteria for this involved food refusal and extreme faddiness. They

were compared with the mothers of an equal number of children with

behavioural disturbances of other kinds, and with a bigger general com-

munity sample. The results showed that the mothers of the children

with feeding disorders did have significantly elevated scores of all five

subscales generated by the Eating Disorder Examination questionnaire –

dietary restraint, bulimia, and concern about eating, body shape and

weight – compared with the other mothers. This association could reflect

ways in which mothers with eating disorders relate to their children,

though it is also possible that they might reflect genetic associations. As

noted earlier, Stice, Agras and Hammer (1999) have examined the same

issue but in a longitudinal study in which they investigated the emergence

of inhibited eating, secretive eating, overeating and vomiting in the first

five years of life, using single questions to the mother. These measures

were intended to assess eating disturbances in childhood that might be

analogous to later eating disordered behaviour. All four kinds of behav-

iour emerged over the early years, with the highest risk of them emerging

when the children were 5. Secretive eating and overeating were to some

extent predicted by maternal eating behaviour as assessed using the

Three-factor Eating Questionnaire, though inhibited eating and vomiting

were not.

A more comprehensive discussion of this area can be found in the

review of Patel, Wheatcroft, Park and Stein (2002). They comment that

virtually all the published research in this area has concerned mothers and

their daughters, with very little attention to fathers. Fathers may also, of

course, have a role in the aetiology of eating disorders, though as they

tend to be much less involved in the actual feeding of their children it

might operate through mechanisms such as early sexual or physical abuse

that predispose to psychopathology generally, rather than by influencing

more directly their children’s eating behaviour.
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10 Some concluding thoughts

A woman in Madrid called the emergency services because her child

wasn’t eating his yoghurt (Corral, 2004). A father suffered a panic attack

after accidentally giving his 11-month-old daughter a fruit smoothie that

contained a tiny proportion of honey (Wilson, 2005). I dare say these are

extreme cases, but parents do seem to show a remarkable degree of

anxiety over the feeding and nutrition of their children, and not only

parents. According to one recent report, poor nutrition may cause dyslexia,

dyspraxia, autism, learning difficulties, irritability, anxiety, lethargy,

insomnia, tiredness, depression, anti-social behaviour, reduced sense of

smell and taste, cravings, mood swings, hyperactivity, poor concentration

and tantrums (Purvis, 2005).

If only one thing is clear from this book, I hope it will be clear quite how

difficult a task it would be to investigate all these possibilities. Effects of

the principal known nutritional deficiencies on intellectual development

in children have been of interest for at least 50 years, but it is very hard to

be certain even of the significance of these. Iron deficiency is measurable

and much of the biochemistry of iron is quite well understood. There are

large numbers of iron-deficient children, and the prevention and treat-

ment of iron deficiency is possible in principle, using procedures that are

cheap and relatively safe, and can be implemented in double-blind trials

so that investigators can test the children without knowing whether they

have been given iron supplements or not. Yet a leading research worker in

this field comments ‘I have been working on iron deficiency for 25 years

now, and really trying to do good studies. After all this effort, we still

cannot give definite answers’ (Lozoff, in discussion of Grantham-

McGregor & Ani, 2001: 666s). The studies Lozoff has reported certainly

are good, and there is, I think, reasonably good evidence that iron defi-

ciency does have adverse effects on cognitive development, but it has

been hard to demonstrate its effects unambiguously, and very hard to

determine their magnitude and long-term significance. The same gener-

alisations could be made about protein-energy malnutrition. And
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although there may well be many other candidates for important nutri-

tional effects on psychological development, it will be a difficult job to

investigate each of these thoroughly. In most of the areas we have looked

at in this book there are reasonably well-conducted studies that nonethe-

less have given answers that appear to be contradictory. One obvious

lesson is that a single study is never likely to produce a definitive answer.

A number of well-conducted studies taken together may do so, or at least

they may provide some reasonable limits for our anxieties.

Restricting ourselves to topics on which there is a substantial number of

independent studies, the evidence that it is desirable for infants to be breast-

fed is strong. In parts of the world where people are poor and sanitation and

water supplies are inadequate its benefits are huge. Not only does it reduce

morbidity and mortality from diseases that are very common, but it also has

important child spacing effects. Even in Western countries the health bene-

fits of breast-feeding are important in relation to diarrhoeal disease in the

first year, and there is also reasonably good evidence that breast-feeding

protects against the subsequent development of obesity, though why it does

so is not at all clear. The evidence for cognitive benefits of breast-feeding is

also reasonably strong, though the benefits are probably quite small. The

estimate from the meta-analysis of Anderson et al. (1999) suggests a benefit

of about 3 IQ points. In spite of these benefits there is, unfortunately, still

evidence of unacceptable attempts by commercial companies to promote

the bottle-feeding of infants (Mayor, 2004).

An effect on IQ of a similar size (but an adverse effect) is also associated

with failure to thrive in infancy, as identified by traditional anthropometric

criteria. A substantial number of studies taken together suggest that chil-

dren who fail to thrive in Western countries are slightly delayed develop-

mentally, and that their later IQ is lower by an average of about 4 IQ points

(Corbett & Drewett, 2004). This is probably an effect associated with

malnutrition after birth, related to the effects of malnutrition on cognitive

development found in less developed countries where malnutrition is more

common. There is also some evidence for comparable effects associated

with malnutrition before birth. Shenkin et al. suggest that IQ varies

between children with the highest and lowest birthweights by about 10

IQ points, though this range was somewhat reduced by taking confounders

into account (Shenkin, Starr & Deary, 2004), and it is not certain that this

association between IQ and birthweight is a nutritional effect. It ought to

be possible to improve the nutrition of young children before and after

birth where it is necessary to do so. There is evidence, for example, that

nutritional interventions with infants who fail to thrive can improve their

weight gain (Wright et al., 1998). Whether their intellectual abilities can be

improved in the same way is not yet clear.

Some concluding thoughts 215



How important, anyway, are relatively small differences in IQ of three

or four points? That might depend on our point of view. In relation to the

large effects of untreated phenylketonuria on intellectual ability these

nutritional effects are quite small, or, as it is sometimes put, of ‘doubtful

clinical significance’ (Rudolf & Logan, 2005). But what exactly does

‘clinical significance’ mean in relation to average differences in intelli-

gence between populations of children? The importance of a child’s intel-

ligence lies in the relationship it has with the child’s subsequent prospects

in life, as reflected, for example, in their educational success and pros-

pects for employment, and if we are concerned to optimise the welfare of

all children, rather than just to avoid major sources of disability, it may be

very important to take effects of this size seriously. Intellectual ability is

the joint outcome of genetic and environmental factors, and a reasonable

estimate would suggest that about half the variation in measured intelli-

gence in Western populations today is of environmental origin (Devlin,

Daniels & Roeder, 1997). More direct estimates of environmental influ-

ences are also available. The secular increase in IQ (the Flynn effect)

suggests an increase of about 18 IQ points per generation (30 years).

Schiff et al. examined the effects of moving children from working-class to

middle-class families (Schiff et al., 1978). They found an increase in IQ of

16 points when they compared children who were moved and their

siblings who were left in their original families. These are big effects,

and suggest that substantial intellectual benefits could be brought about

by appropriate modification of the environment in which children

develop. But we do not know what environmental changes were respon-

sible for the Flynn effect, and social class is not a single variable, but a

marker associated with a large number of more specific economic, educa-

tional and health related variables. To decide what are appropriate modi-

fications to the child’s environment we would need to know exactly what

features of the environment are important, and within the range of

environments normally encountered by children in Western societies

most of the environmental variables that have been shown to be specific-

ally related to intelligence have relatively small effects.

Exposure to cocaine before birth, for example, is associated with an

average reduction in IQ of 3.26 points (Lester, LaGasse & Selfer, 1998).

Exposure to lead has effects that are dose dependent. An estimate from

the meta-analysis of a large number of studies suggests that a typical

doubling of body lead burden is associated with a reduction in IQ of 1

to 2 points, though there is some evidence that the effect is larger than this

at low doses (Canfield et al., 2003). Domestic violence experienced by the

mothers of young children is associated with a reduction of 5 IQ points in

the child if it is at a medium level and 8 IQ points if it is more severe
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(Koenen et al., 2003). Being born preterm is associated with a difference

of 10.2 IQ points (Bhutta et al., 2002). The Abecedarian project, which

involved an intensive educational intervention involving full-time educa-

tional child care of high quality from birth to 5 years, was associated

with an IQ difference of 4.2 points at 21 years (Campbell et al., 2001).

A preventative intervention in preterm infants involving three years’

home visits and centre-based schooling was associated with an improve-

ment of 3.7 IQ points which was restricted to infants heavier at birth

(Brooks-Gunn et al., 1994). These are mostly effects of about the same

order of magnitude as the nutritional effects we have been considering. So

if we are to do good here, it looks as though we are going to have to do it in

‘Minute Particulars’, and try to deal with a range of environmental

variables, each of which considered in isolation has only a small effect.

In fact, as Lester et al. point out in relation to the effects of exposure to

cocaine before birth, even a small average difference in IQ can have big

economic implications, because a mean difference of 3.26 points implies

an increase of 1.6% in the proportion of children with an IQ below 70,

when they are generally provided with special educational services (at an

additional cost of $4–35 million, in the case they considered). In fact

much higher costs are implied, because children with IQs in the 70–80

band will often also need additional services, and there will be more

children in this band. As in other areas of health economics, the use of

monetary figures here is not intended to imply that saving money would

be the goal of the intervention. It is simply a way of providing an indica-

tion of the magnitude of the overall burden on children and their families

of a failure to take these small environmental effects seriously, and of the

resources that could be made available to children with other needs if they

did not have to be used here.

The later effects of early nutrition and malnutrition on the develop-

ment of children has been one of the main themes of this book. The other

main theme has been the development of children’s own behaviour, as it

relates to their nutrition, and an important set of questions concerns

continuities in feeding and other nutritionally related behaviour over

the lifespan. At a behavioural level, there is a substantial difference

between behaviour during the period of early infancy associated with

milk feeding and behaviour in the childhood period after weaning, and

although interesting possibilities are being investigated clear evidence for

continuities of an important kind between children’s behaviour across

these two periods is not very strong. Many of the feeding problems in

infancy, like the crying and sleeping problems, are problems more for the

parents than for the developing child. The evidence that characteristics of

feeding behaviour in the early years predict any of the adolescent eating
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disorders, for example, is not at the moment very strong. The main

characteristics in childhood that are likely to be related to later eating

disorders arise from 8 to 10 years of age and are a liability to the common

psychiatric problems of late childhood and early adult life, especially

anxiety and depression, and the body image problems that are now so

widespread in young people.

It is possible that we have not looked in the right areas for continuities

of other kinds. There are no real studies of continuities in individual

differences in appetite over the childhood period, for example, and it is

possible that individual differences of this kind could be related to lifetime

risks for obesity. Even genetic effects can clearly operate via differences in

appetite, as we saw in Chapter 7. A recent longitudinal study of early risk

factors for obesity identified eight variables measured early in life that

predicted obesity at 7 years (Reilly et al., 2005). The variables were

parental obesity, birthweight, weight at 8 and 18 months, weight gain in

infancy, catch-up growth, early adiposity or body mass index, sleep

duration and television viewing. Although the summary of the study

states that ‘the early life environment can determine later risk of obesity’

most of the variables that were related to later obesity in this study reflect

the early behaviour or somatic characteristics of the child, rather than

aspects of the early environment. They suggest that individual differences

related to later obesity develop early, but not necessarily that early envi-

ronments are especially important in determining differences in later

adiposity. Of course over recent years we have seen major increases in

adiposity in children in Western countries, and changes in the environ-

ment are almost certain to have been responsible for these changes. But

there is no reason why variation in averages in populations over time

should have the same explanation as variation between individual mem-

bers of a population at a particular time.

Although research seeking to identify factors underlying individual

differences in adiposity is in its infancy, we know, in principle, why

children become excessively fat. It is a consequence of an excess of energy

intake over energy expenditure. How much is to be gained at a practical

level by studies seeking to make this statement more precise seems to me

rather uncertain. It must be clear to everybody that the measurement of

energy intake and expenditure to the precision necessary to explain why

some children store more fat than others would tax the most sophisticated

study. And even if we had more precise information on this, it would not

tell us what the possibilities for change are, and research dealing with

everyday behavioural correlates and risk factors for adiposity and with

what behaviour to target to reduce its prevalence may be more important

practically.
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The evidence that overweight and obesity in children has increased in

recent years is incontrovertible, but the evidence that eating disorders

have increased as well is also quite strong. The difference in bodily

appearance between people with anorexia nervosa and people who are

obese is stark, and might give the impression that these are completely

different problems. But if we consider the eating disorders and obesity

more generally we encounter a range of overlapping problems, including

those associated with nutritional knowledge, with binge eating and other

unhealthy eating practices, with dieting, purging and other unhealthy

weight loss practices, with body image, and with self-esteem and depres-

sion. The overlap in these problems suggests that a good case can be

made for seeking to integrate the prevention of obesity and the eating

disorders within a single strategy, particularly when we are concerned

with health education provided through schools or other communities of

young people, and there are also good practical reasons for integrating the

two (Irving & Neumark-Szainer, 2002). These include the relative costs

of separate and integrated programmes (for example, of staff training and

the provision of educational materials), the grounds for thinking that the

prevention of both kinds of problem is best targeted at children and

adolescents, and the need to avoid messages concerning eating disorders

and obesity that taken together appear to be confusing or mutually

contradictory.

Attempts at universal prevention for the eating disorders have been

tried, almost always through schools (Pratt & Woolfenden, 2004), but

there is currently no evidence available to suggest that they have any long-

term effectiveness in preventing their development. An interesting pos-

sibility though, and one that gives some grounds for optimism, is that a

school-based obesity prevention intervention programme (Planet Health)

does appear to have reduced the use of purging and diet pills among girls

(Austin et al., 2005), though not extreme dieting per se (Gortmaker et al.,

1999). Although neither purging nor the use of diet pills was very com-

mon, the prevalence of these forms of weight control was halved in the

schools provided with the intervention, which was focussed on improving

nutrition, increasing physical activity and reducing television watching,

and was successful in reducing adiposity in girls.

School-based health education programmes have a strikingly strong

track record of evidence-based research, based on a strong commitment

to randomised controlled trials. They provide an example of the use of

methodologically strong designs in an educational context that would

surely have been of benefit had they been used more extensively in other

areas of educational research, giving us much more reliable information

on whether ‘Sure Start’ programmes were effective, for example, or on
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how best to teach children to read (Tizard, Schofield & Hewison, 1982).

The use of RCTs in health education has emphasised the randomising of

groups rather than the randomising of individuals, because decisions

concerning health-related behaviour are strongly influenced by groups

(particularly, in children, their peer groups) so intervening with whole

groups is more likely to be effective than intervening with individuals.

Impressive though these studies have been methodologically, however,

they have shown rather limited effectiveness in tackling the rise in obesity

through health promotion in schools, probably because influences of

other kinds reduce their effectiveness. What will be needed is a much

more extensive range of social and political changes, and it may be

virtually impossible to assess their effectiveness in systematically con-

trolled ways. In a valuable review of lessons from controlling tobacco

smoking that can be applied in the diet and activity area Yach et al. (2005)

emphasise the importance of the comprehensiveness of intervention

measures, and the need to avoid dissecting them into individual compo-

nents in order to ascertain the effectiveness of each. This is partly because

a range of measures introduced together may be effective even if each

introduced in isolation is not. Bringing about a comprehensive social

change for the benefits of future generations, as is certainly necessary in

this area, may not be compatible with the needs of the most rigorous

methods of evaluation. I am not, of course, saying that the most rigorous

methods of evaluation should not be used when they usefully can.
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Janovský, M., Martı́nek, J. & Stanincová, V. (1967). The distribution of sodium,
chloride and fluid in the body of young infants with increased intake of NaCl.
Biologia Neonatorium, 11, 261–72.

Jefferis, B. J. M. H., Power, C. & Hertzman, C. (2002). Birth weight, childhood
socioeconomic environment, and cognitive development in the 1958 British
birth cohort study. British Medical Journal, 325, 305–10.

Jeffrey, A. N., Voss, L. D., Metcalf, B. S., Alba, S. & Wilkin, T. J. (2005). Parents’
awareness of overweight in themselves and their children: cross-sectional
study within a cohort (EarlyBird21). British Medical Journal, 330, 23–4.

Johnson, J., Cohen, P., Kasen, S. & Brook, J. S. (2002). Childhood adversities
associated with risk for eating disorders or weight problems during adoles-
cence or early adulthood. American Journal of Psychiatry, 159, 394–400.

Johnson, S. L. (2000). Improving preschoolers’ self-regulation of energy intake.
Pediatrics, 106, 1429–35.

Johnson, S. L. & Birch, L. L. (1994). Parents’ and children’s adiposity and eating
style. Pediatrics, 94, 653–61.

Johnson, S. L., McPhee, L. & Birch, L. L. (1991). Conditioned preferences:
young children prefer flavors associated with high dietary fat. Physiology
and Behavior, 50, 1245–51.

Jotangia, D., Moody, A., Stamatakis, E. & Wardle, H. (2005). Obesity Among
Children under 11. National Centre for Social Research, Department of
Epidemiology and Public Health at the Royal Free and University College
Medical School.

Kagan, J., Reznick, J. S. & Snidman, N. (1988). Biological bases of childhood
shyness. Science, 240, 167–71.

Kaplan, K. & Wadden, T. (1986). Childhood obesity and self-esteem. Journal of
Pediatrics, 109, 367–70.

Karlberg, J. (1987). On the modelling of human growth. Statistics in Medicine, 6,
185–92.

(1989). A biologically-oriented mathematical model (ICP) for human growth.
Acta Paediatrica Scandinavica Supplement, 350, 70–94.

Karlberg, J. & Albertsson-Wikland, K. (1995). Growth in full-term small-for-
gestational-age infants: from birth to final height. Pediatric Research, 38, 733–9.

Karwautz, A., Rabe-Hesheth, X. H., Zhao, J., et al. (2001). Individual-specific
risk factors for anorexia nervosa: a pilot study using a discordant sister-pair
design. Psychological Medicine, 31, 317–29.

Kasese-Hara, M., Wright, C. & Drewett, R. F. (2002). Energy compensation in
young children who fail to thrive. Journal of Child Psychology and Psychiatry,
43, 449–56.

Kearney, P. J., Malone, A. J., Hayes, T., Cole, M. & Hyland, M. (1998). A trial of
lactase in the management of infant colic. Journal of Human Nutrition and
Dietetics, 11, 281–5.

246 References



Keim, N. L., Stern, J. S. & Havel, P. J. (1998). Relation between circulating leptin
concentrations and appetite during a prolonged, moderate energy deficit in
women. American Journal of Clinical Nutrition, 68, 794–801.

Kelleher, K. J., Casey, P. H., Bradley, R., et al. (1993). Risk factors and outcomes
for failure to thrive in low birth weight preterm infants. Pediatrics, 91, 941–8.

Kerwin, M. E. (1999). Empirically supported treatments in pediatric psychology:
severe feeding problems. Journal of Pediatric Psychology, 24, 193–214.

Kessler, D. B. (1999). Failure to thrive and pediatric undernutrition: historical
and theoretical context. In D. B. Kessler and P. Dawson (eds.), Failure to
Thrive and Pediatric Undernutrition: A Transdisciplinary Approach (pp. 3–17).
Baltimore, MD: Paul H. Brookes Publishing Co.

Kessler, D. B. & Dawson, P. (1999). Failure to Thrive and Pediatric Undernutrition:
A Transdisciplinary Approach. Baltimore, MD: Paul H. Brookes Publishing
Co.

Kessler, R. C., McGonagle, K. A., Zhao, S., et al. (1994). Lifetime and 12-month
prevalence of DSM-III-R psychiatric disorders in the United States. Archives
of General Psychiatry, 51, 8–19.

Key, T. J. A., Thorogood, M., Appleby, P. & Burr, M. L. (1996). Dietary habits
and mortality in 11000 vegetarians and health conscious people: results of a
17 year follow-up. British Medical Journal, 313, 775–8.

Khan, M. U. & Ahmad, K. (1986). Withdrawal of food during diarrhoea: major
mechanism of malnutrition following diarrhoea in Bangladesh children.
Journal of Tropical Pediatrics, 32, 57–61.

Klesges, R. C., Haddock, C. K., Stein, R. J., et al. (1992). Relationship between
psychosocial functioning and body fat in preschool children: a longitudinal
investigation. Journal of Consulting and Clinical Psychology, 60, 793–6.

Klump, K. L., Kaye, W. H. & Strober, M. (2001). The evolving genetic
foundations of eating disorders. Psychiatric Clinics of North America, 24,
215–25.

Knight, S., Singhal, A., Thomas, P. & Serjeant, G. (1995). Factors associated
with lowered intelligence in homozygous sickle cell disease. Archives of
Disease in Childhood, 73, 316–20.

Knobloch, H., Pasamanick, B. & Sherard, E. S. (1966). A developmental screen-
ing inventory for infants. Pediatrics, 38, 1095–8.

Koch, R., Azen, C., Friedman, E. G. & Williamson, M. L. (1984). Paired com-
parisons between early treated PKU children and their matched sibling
controls on intelligence and school achievement test results at eight years of
age. Journal of Inherited Metabolic Disease, 7, 86–90.

Koenen, K. C., Moffitt, T. E., Caspi, A., Taylor, A. & Purcell, S. (2003).
Domestic violence is associated with environmental suppression of IQ in
young children. Development and Psychopathology, 15, 297–311.

Koeppen-Schomerus, G., Wardle, J. & Plomin, R. (2001). A genetic analysis of
weight and overweight in 4-year-old twin pairs. International Journal of
Obesity, 25, 838–44.

Kolb, B. (1999). Neuroanatomy and development overview. In N. Fox, L. Leavitt &
J. Warhol (eds.), The Roles of Early Experience in Infant Development
(pp. 5–14). New York: Johnson & Johnson Consumer Companies.

References 247



Konner, M. & Worthman, C. (1980). Nursing frequency, gonadal function, and
birth spacing among !Kung hunter-gatherers. Science, 207, 788–91.

Kopp, C. B. & McCall, R. B. (1982). Predicting later mental performance for
normal, at-risk, and handicapped infants. In P. Baltes & O. G. J. Brim (eds.),
Life-span Development and Behavior, vol. IV (pp. 33–61). New York:
Academic Press.

Korndörfer, S. R., Lucas, A. R., Suman, V. R., et al. (2003). Long-term survival of
patients with anorexia nervosa: a population-based study in Rochester,
Minn. Mayo Clinic Proceedings, 78, 278–84.

Kostanski, M. & Gullone, E. (1998). Adolescent body image dissatisfaction:
relationships with self-esteem, anxiety and depression controlling for body
mass. Journal of Child Psychology and Psychiatry, 39, 255–62.

Kotelchuck, M. (1980). Non-organic failure to thrive: the status of interactional and
environmental etiological theories. Advances in Behavioral Pediatrics, 1, 29–51.

Kotelchuck, M. & Newberger, E. H. (1983). Failure to thrive: a controlled study
of familial characteristics. Journal of the American Academy of Child Psychiatry,
22, 322–8.

Kotler, L. A., Cohen, P., Davies, M., Pine, D. S. & Walsh, B. T. (2001).
Longitudinal relationships between childhood, adolescent, and adult eating
disorders. Journal of the American Academy of Child and Adolescent Psychiatry,
40, 1434–40.

Kraemer, H. C., Berkowitz, R. I. & Hammer, D. L. (1990). Methodological
difficulties in studies of obesity: I. Measurement issues. Annals of
Behavioral Medicine, 12, 112–18.

Kramer, M. S. (1987). Determinants of low birth weight: methodological assess-
ment and meta-analysis. Bulletin of the World Health Organization, 65,
663–737.

(1993). Effects of energy and protein intakes on pregnancy outcome: an over-
view of the research evidence from controlled clinical trials. American Journal
of Clinical Nutrition, 58, 627–35.

Kramer, M. S., Barr, R. G., Leduc, D. G., Biosjoly, C. & Pless, I. B. (1983).
Maternal psychological determinants of infant obesity. Journal of Chronic
Disease, 36, 329–35.

Kramer, M. S., Barr, R. G., Leduc, D. G., et al. (1985). Determinants of weight
and adiposity in the first year of life. Journal of Pediatrics, 106, 10–14.

Kramer, M. S., Chalmers, B., Hodnet, E. D., et al. (2001). Promotion of breast-
feeding intervention trial (PROBIT). Journal of the American Medical
Association, 285, 413–20.

Kramer, M. S., Guo, T., Platt, R. W., et al. (2002). Breastfeeding and infant
growth: biology or bias? Pediatrics, 110, 343–7.

Kramer, M. S. & Kakuma, R. (2002). The Optimal Duration of Exclusive Breast-
feeding: A Systematic Review. Geneva: World Health Organisation.

Kramer, M. S., McClean, F. H., Boyd, M. E. & Usher, R. H. (1988). The validity
of gestational age estimation by menstrual dating in term, preterm, and
postterm gestations. Journal of the American Medical Association, 260, 3306–8.

Kramer, M. S., Platt, R., Yang, H., McNemara, H. & Usher, R. H. (1999). Are all
growth-restricted newborns created equal(ly)? Pediatrics, 103, 599–602.

248 References



Krebs, N. F., Hambridge, K. M. & Walravens, P. A. (1984). Increased food
intake of young children receiving a zinc supplement. American Journal of
Diseases of Children, 138, 270–3.

Krebs-Smith, S. M., Cook, A., Subar, A., et al. (1996). Fruit and vegetable
intakes of children and adolescents in the United States. Archives of
Pediatrics and Adolescent Medicine, 150, 81–6.

Krebs-Smith, S. M., Heimendiner, J., Patterson, B. H., et al. (1995). Psychosocial
factors associated with fruit and vegetable consumption. American Journal of
Health Promotion, 10, 98–104.

Kron, R. E., Johannes, I. & Goddard, K. E. (1968). Consistent individual differ-
ences in the nutritive sucking behavior of the human newborn. Psychosomatic
Medicine, 30, 151–61.

Kumar, V., Clements, C., Marwah, K. & Diwedi, P. (1985). Beliefs and ther-
apeutic preferences of mothers in management of acute diarrhoeal disease in
children. Journal of Tropical Pediatrics, 31, 109–12.

Kurlak, L. O. & Stephenson, T. J. (1999). Plausible explanations for effects of
long chain polyunsaturated fatty acids (LCPUFA) on neonates. Archives of
Disease in Childhood Fetal and Neonatal Edition, 80, F148–F154.

Lachenmeyer, J. R. & Davidovicz, H. (1987). Failure to thrive: A critical review.
In B. B. Lahey & A. E. Kasdin (eds.), Advances in Clinical Child Psychology,
vol. X (pp. 335–58). New York and London: Plenum Press.

Laessle, R. G., Tuschl, R. J., Kotthaus, B. C. & Pirke, K. M. (1989). Behavioral
and biological correlates of dietary restraint in normal life. Appetite, 12,
83–94.

Laitinen, S., Rasanen, L., Viikari, J. & Akerblom, H. K. (1995). Diet of Finnish
children in relation to the family’s socio-economic status. Scandinavian
Journal of Social Medicine, 23, 88–94.

Lansdown, R. G., Goldstein, H., Shah, P. M., et al. (1996). Culturally appropri-
ate measures for monitoring child development at family and community
level: a WHO collaborative study. Bulletin of the World Health Organization,
74, 283–90.

Launer, L. J., Forman, M. R., Hundt, G. L., et al. (1992). Maternal recall of
infant feeding events is accurate. Journal of Epidemiology and Community
Health, 46, 203–6.

Lawrence, M., Lawrence, F., Durnin, J. V. G. A. & Whitehead, R. G. (1991). A
comparison of physical activity in Gambian and UK children aged 6–18
months. European Journal of Clinical Nutrition, 45, 243–52.

Lazarus, R., Baur, L., Webb, K. & Blyth, F. (1996). Adiposity and body mass
indices in children: Benn’s index and other weight for height indices as
measures of relative adiposity. International Journal of Obesity, 20, 406–12.

Lee, K. (1994). The crying of Korean infants and related factors. Developmental
Medicine and Child Neurology, 36, 601–7.

Lee, S., Chiu, H. F. K. & Chen, C. (1989). Anorexia nervosa in Hong Kong: why
not more in Chinese? British Journal of Psychiatry, 154, 683–8.

Lee, S., Ho, T. P. & Hsu, L. K. G. (1993). Fat phobic and non-fat phobic
anorexia nervosa: a comparative study of 70 Chinese patients in Hong
Kong. Psychological Medicine, 23, 999–1017.

References 249



Leshem, M. (1998). Salt preference in adolescence is predicted by common
prenatal and infantile mineralofluid loss. Physiology and Behaviour, 63,
699–704.

Lester, B. M., LaGasse, L. L. & Selfer, R. (1998). Cocaine exposure and children:
the meaning of subtle effects. Science, 282, 633–4.

Levitsky, D. A. & Barnes, R. H. (1972). Nutritional and environmental interac-
tions in the behavioral development of the rat: long-term effects. Science, 176,
68–71.

Lew, A. R. & Butterworth, G. (1995). The effects of hunger on hand–mouth
co-ordination in newborn infants. Developmental Psychology, 31, 456–63.

Lindberg, L., Bohlin, G. & Hagekull, B. (1991). Early feeding problems in a
normal population. International Journal of Eating Disorders, 10, 395–405.

Linden, W. (1981). Exposure treatments for focal phobias. Archives of General
Psychiatry, 38, 769–75.

Lissa-Lund-Sørensen, I. & Sørensen, T. I. A. (1992). Prospective study of the
influence of social factors in childhood on overweight in young adulthood.
International Journal of Obesity, 16, 169–75.

Liu, J., Raine, A., Venables, P. H., Dalais, C. & Mednick, S. A. (2003).
Malnutrition at age 3 years and lower cognitive ability at age 11 years:
independence from psychosocial adversity. Archives of Pediatric and
Adolescent Medicine, 157, 593–600.

Liu, J., Raine, A., Venables, P. H. & Mednick, S. A. (2004). Malnutrition at age 3
years and externalising behavior problems at ages 8, 11, and 17 years.
American Journal of Psychiatry, 161, 2005–13.

Lohman, T. G., Going, S., Stewart, D., et al. (2001). The effect of Pathways
obesity prevention study on body composition in American children.
FASEB, A1093.

Looker, A. C., Daliman, P. R., Carroll, M. D., Gunter, E. W. & Johnson, C. L.
(1997). Prevalence of iron deficiency in the United States. Journal of the
American Medical Association, 277, 973–6.

Lothe, L., Ivarsson, S. A., Ekman, R. & Lindberg, T. (1990). Motilin and infan-
tile colic. Acta Paediatrica Scandinavica, 79, 410–16.

Lothe, L. & Lindberg, T. (1989). Cow’s milk whey protein elicits symptoms of
infantile colic in colicky formula-fed infants: a double-blind crossover study.
Journal of Pediatrics, 83, 262–6.

Lozoff, B., De Andraca, L., Walter, T. & Pino, P. (1997). Does preventing iron-
deficiency anemia (IDA) improve developmental test scores? Pediatric
Research, A 39, 136A.

Lozoff, B., Jimenez, E., Hagen, J., Mollen, E. & Wolf, A. W. (2000). Poorer
behavioral and developmental outcome more than 10 years after treatment
for iron deficiency in infancy. Pediatrics, 105, 51–62.

Lozoff, B., Jimenez, E. & Wolf, A. W. (1991). Long-term developmental outcome
of infants with iron deficiency. New England Journal of Medicine, 325, 687–94.

Lozoff, B., Klein, N. K., Nelson, E. C., et al. (1998). Behavior of infants with iron-
deficiency anemia. Child Development, 69, 24–36.

Lozoff, B., Klein, N. K. & Prabucki, K. M. (1986). Iron-deficient anemic infants
at play. Developmental and Behavioral Pediatrics, 7, 152–8.

250 References



Lozoff, B. G., Wolf, A. W., McClish, D. K., et al. (1987). Iron deficiency anemia
and iron therapy: effects on infant developmental test performance.
Pediatrics, 79, 981–95.

Lubrano-Berthelier, C., Le Stunff, C., Bougnères, P. & Vaisse, C. (2004). A
homozygous null mutation delineates the role of the melanocortin-4 receptor
in humans. Journal of Clinical Endocrinology and Metabolism, 89, 2028–32.

Lucas, A., Fewtrell, M. S., Morley, R., et al. (1996). Randomized outcome trial of
human milk fortification and developmental outcome in preterm infants.
American Journal of Clinical Nutrition, 64, 142–51.

Lucas, A., Gore, S. M., Cole, T. J., et al. (1986). Multicentre trial on feeding low
birthweight infants: effects of diet on early growth. Archive of Disease in
Childhood, 61, 849–57.

Lucas, A., Morley, R. & Cole, T. J. (1998). Randomised trial of early diet in preterm
babies and later intelligence quotient. British Medical Journal, 317, 1481–7.

Lucas, A., Morley, R., Cole, T. J., et al. (1989). Early diet in preterm babies and
developmental status in infancy. Archives of Disease in Childhood, 64, 1570–8.

(1990). Early diet in preterm babies and developmental status at 18 months.
Lancet, 335, 1477–81.

Lucas, A., Stafford, M., Morley, R., et al. (1999). Efficacy and safety of long-
chain polyunsaturated fatty acid supplementation of infant-formula milk: a
randomised trial. Lancet, 354, 1948–54.

Lucas, A. & St James-Roberts, I. (1998). Crying, fussing and colic behaviour in
breast- and bottle-fed infants. Early Human Development, 53, 9–18.

Lucas, A. R., Beard, C. M., O’Fallon, W. M. & Kurland, L. T. (1991). 50-year
trends in the incidence of anorexia nervosa in Rochester, Minn.: a
population-based study. American Journal of Psychiatry, 148, 917–22.

Lucassen, P. L. B. J., Assendelft, W. J. J., van Eijk, J. T. M., et al. (2005).
Systematic review of the occurrence of infantile colic in the community.
Archives of Disease in Childhood, 84, 398–403.

Luciana, M., Sullivan, J. & Nelson, C. A. (2001). Associations between
phenylalanine-to-tyrosin ratios and performances on tests of neuropsycho-
logical function in adolescents treated early and continuously for phenyl-
ketonuria. Child Development, 72, 1637–52.

Lundgren, E. M., Cnattingius, S., Jonsson, B. & Tuvemo, T. (2001). Intellectual
and psychological performance in males born small for gestational age with
and without catch-up growth. Pediatric Research, 50, 91–6.

Lynn, R. (1990). The role of nutrition in secular increases in intelligence.
Personality and Individual Differences, 11, 273–85.

Lynn, R. & Hampson, S. (1986). The rise of national intelligence: evidence from
Britain, Japan and the USA. Personality and Individual Differences, 7, 23–32.

Lynn, R. & Harland, P. (1998). A positive effect of iron supplementation on the IQs
of iron deficient children. Personality and Individual Differences, 24, 883–5.

MacDonald, A. (2000). Diet and compliance in phenylketonuria. European
Journal of Pediatrics, 159 [Suppl 2], S136–S141.

MacDonald, A., Harris, G., Rylance, G., Asplin, D. & Booth, I. W. (1997).
Abnormal feeding behaviours in phenylketonuria. Journal of Human
Nutrition and Dietetics, 10, 163–70.

References 251



MacDonald, A., Holden, C. & Harris, G. (1991). Nutritional strategies in cystic
fibrosis: current issues. Journal of the Royal Society of Medicine, 84, 28–35.

Maes, H., Neale, M. & Eaves, L. (1997). Genetic and environmental factors in
relative body weight and human adiposity. Behaviour Genetics, 27, 325–51.

Makrides, M., Newman, M., Simmer, K., Pater, J. & Gibson, R. (1995). Are
long-chain polyunsaturated fatty acids essential nutrients in infancy? Lancet,
345, 1463–8.

Maloney, M. J., McGuire, J. B. & Daniels, S. R. (1988). Reliability testing of a
children’s version of the Eating Attitude Test. Journal of the American
Academy of Child and Adolescent Psychiatry, 27, 541–3.

Marchi, M. & Cohen, P. (1990). Early childhood eating behaviors and adolescent
eating disorders. Journal of the American Academy of Child and Adolescent
Psychiatry, 29, 112–17.

Marlier, L. & Schaal, B. (2005). Human newborns prefer human mik: conspecific
milk odor is attractive without postnatal experience. Child Development, 76,
155–68.

Martin, S., Housely, K., McKoy, H., et al. (1988). Self-esteem of adolescent girls
as related to weight. Perceptual and Motor Skills, 67, 119–29.
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