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Few vvould argue with the statement that a diet adequate in vitamins, .miner- 
als and energy, whlst not supplying energy in excess of needs, is central to 
health and wellbeing. Equally, most people living in high-income countries 
will be aware of the failing of much of the population in these countries to 
consume a healthy diet. The ever-increasing incidence of obesity and associ- 
ated diseases has been key to the extraordinary increase in public and corpo- 
rate interest in diet. But the importance of diet is not confined to obesity. The 
more we learn about the role of nutrients in cellular processes, the clearer it 
becomes that an adequate diet can play a critically important role in protect- 
ing against oth.er public health diseases of importance, including cancer, and, 
in poorer countries in particular, infectious diseases. 

In recent times, there has been great preoccupation with health in Western 
countries. Food-based products are increasingly marketed on the basis of 
health and vitality-giving properties, and sportsmen and women are encour- 
aged to consume performance-enhancing snacks. For these reasons it is not 
surprising that, in many different sectors of life, individuals are recognizing 
the benefits of a reasonable grasp of the principles of human nutrition. 

Of course, human nutrition is a very broad subject. It covers topics as 
diverse as the role of nutrients in gene expression and effects of interna- 
tional trade on the nutritional status of populations. T h s  book provides the 
interested layperson and the student of many disciplines (sports science, 
pharmacology, nursing, dentistry and medicine) with up-to-date concise 
instruction in human nutrition in its broadest sense. The book is a digest 
of material in the highly successful Human Nutrition, 11th edition, edited by 
Geissler and Powers. The chapters in the original textbook have been con- 
densed with due regard to the anticipated broad readership, but without 
compromising scientific rigour. To address the needs of the non-specialist, 
Ftindnmentals pays more attention to explaining technical terms; it also 
includes a comprehensive glossary. The interested reader wishing to access 
more detailed information is directed to Human Nufvifion and then to various 
textbooks, reviews and websites, as appropriate. The authors of Fzind~lmenfals 
are indebted to the authors of the original textbook chapters for producing 
the material on M-hich this is based. 

Catherine A. Geissler 
Hilary J. Powers 

London and Sheffield, 2009 
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The importance of 
Nutrition 

I. 1 INTRODUCTION 

f i e  term 'nutrition' incorporates the concepts of nutrient supply, utilization 
and effects on health. The subject therefore has a very broad rmge and includes 
a consideration of the politics and economics of food and dridk availability, 
the ability of populations and individuals to access that food, the biochemical 
processes involved in the metabolism of the nutrients and their interactions, 
the genes that affect these processes, and the effects of different levels of intake 
on health. It is therefore a subject that embraces politics, agriculture, econom- 
ics, sociology, public health, psychology, physiology, biochemistry, genetics and 
other disciplines. Nutritionists may have a broad view across these areas or 
specialize in a particular area. Wlvlst it cannot be disputed that food and nutri- 
ents are essential for good health, the habits and rituals of food consumption 
have also always made an important contribution to cultures and to the psy- 
chological wellbeing of individuals, friends and families. 

Nutrition is a subject that is of interest to a wide range of people, and in 
almost every newspaper and magazine there are articles on nutrition and 
food. Much of what is written in the press is responsible and well researched, 
but there is also much that is based on no evidence, with suggestions of 
'superfoods' that have implausible effects on health, or diets that guarantee 
rapid weight loss. With the increasing prevalence of obesity and concern for 
health these are of great interest but it is difficult for the general public to 
distinguish between advice that is given by a properly qualified nutritionist 
~ ~ h o  ~mderstands the science and the quality of the evidence and those who 
have very little training and whose advice lacks a robust evidence base. 

. . . 
> 

1.2 THE IMPORTANCE OF NUTRITION FOR HEALTH ~ ' .  . . 
' . .  

.> . . .. .;. .-i . F'$*,"' ;d$&ail 

In developing countries, poverty and disease result in a significant proportion .3$zw-+.b:r;. f"** @.T:<,j 
of the population consuming diets deficient in energy (overall calories from 

@*@;I food whether fat, protein or carbohydrate) and specific vitamins and min- S:&@gaZ.: *:s~4 
erals. These diets have many adverse effects both in the short term and the q%4-:~x:',l 

.$&!#&;$;, 
long term. Growth in infancy and childhood is very often impaired, and t h s  $i@@$?' I ig;+#*i:?L;~ ., 
can affect education, ability to work, and childbearing, so that the long-term :p+;@;:i~;,~ ,~,:.+a~.~~r.~ I 

consequences are manifold. Additionally, vitam
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lea?! to a range o! conditions such as anaemia, bone abnormalities, increased 
susceptibility to inhztion, even blindness. Levels of child and maternal mor- 
iality in these countries are high. 

In the developed countries, such as the T;X, the prevalence of specific nciri- 
ent deficiencies is generally low, although there are groups of the population 
in which nutrient deficiencies are still evident. For example, vitamin BI2 andD 
deficiencies are a problem among the elderly and folate and vitamin B2 status 
are often poor in young vromen. In association with changes in dietary intake 

-ase in and physical activity over the last few decades, there has been an incr, 
the prevalence of obesity and related pathologies in middle- and high-income 
countries, so that chronic diseases S L I C ~  as diabetes, coronary heart disease 
and stroke have taken the place of classic nutrient deficiency diseases. A very 
important task for nutritionists is to conduct research that contributes to our 
understanding of the role of diet and physical inaciivity in the development 
of these diseases, and to help inform the public and politicians of ways of 
addressing these problems. Self restraint is exceedingly difficult in a society 
where, for most people, there is access to a huge variety of tempting foods, 
often not well balanced nutritionally, and at a relatively low price, and where 
work and leisure pursuits are usually sedentary. 

z 
0 1.3 NUTRITIONAL CONTROVERSY - 

The general public is often given the impression that disagreement exists : 
between nutritional scientists, as the press hghlights new findings. I11 the 
press, discrepancies in research findings are generally given prominence, often ! 

! 
giving the impression that nutritionists are not consistent in the advice they 
give, and so the reader asks, why not eat what I llke and ignore the advice? 

However, advances in scienhfic knowledge are made through a variety 
i I 

of research studies at different levels - molecular, cellular, clinical, and epi- 
~ 

demiological - all providing different elements of evidence whch have to be 1 
1 integrated into a portfolio of the available evidence in its entirety. Lack of agree- I 

ment between studies can arise for a variety of reasons. The age and gender I 
of the subjects under study, the season in 3vluch a stildy is carried out, dietary 
intake of the study sample, or simply errors associated with estimates of dietary 
intake or other measurements, are all factors that can lead to different fiidings i 
in different studies. Also, studies that exarniae the effect of a single nutrient on I 

some health outcome can p7e  results that are very different from studies that 
examine interactions between a number of nutrients. I 

A particular difficulty of nutrition research is that people consume diets, 
not single nutrients, and diets are complex combinations of different foods, 
each with its own particular profile of nutrients and non-nutrients. In experi- 
mental studies, changing one dietary component inevitably changes the rela- 
tive levels of other components. For example, devising a low fat diet whilst 
maintaining the same calorific value automatically increases the carbohy- 
drate and/or protein content and t h s  needs to be appreciated and taken 
into account. Finally, some discrepancies in research findings between differ- 
ent studies is now known to be partly explained by differences in the geno- 
type of certain individuals, leading to different responses to various dietary 
factors. 



Nutritionists and clietitians are the main practitioners of the science of nutri- 
tion, but many others in the health professions and food professions may 
be asked for advice and for this reason require access to reliable condensed 
information. The general public may also wish this for their own interest. 
The number of qualified nutritionists is small compared with other profes- 
sionals who have contact with the public and req~~i re  some background 
ih nutritional science, sllch as nurses, pharmacists and sports and exercise 
advisers. Others, such as food technologists and food distributors, may need 
to know the nutritional value of the foods they produce and distribute, and 
the interested general pub!ic may want an understandable but reliable source 
of information across the breadth of nutrition. 

It is the intention of the authors that this book provides a reliable, concise 
source of information for these interested groups. 

1.5 IMPORTANCE OF EVIDENCE BASE 

For information to be valid it has to be supported by reliable evidence that 
has been tested and replicated in epidemiological, laboratory and clinical 
studies. The information in this book has been summarized from detailed 
chapters written by scientists who have specialized in particular areas 
of nutrition and who therefore have in depth knowledge of the evidence 
base. In a short book it is not possible to present the evidence, and what is 
included here are the conclusions from these specialist reviews. For people 
who would like more detailed background, further reading is suggested, and 
the original chapters from which this digest is drawn can be read in Hurnnn 
Nutrition (Geissler & Powers 2005) as well as in the further reading sugges- 
tions at the end of each chapter. The original authors are not responsible for 
the summarizing of their contributions. 

0 
(D 
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Body Composition and 
Energy Balance 

By the end of this chapter you should be able to: 

a define terms for components of body composition 
describe their relative size and variation 
describe their main characteristics and functions 
summarize the use of composition information in nutrition 
define energy balance 

* explain the laws of thermodynamics 
a define types and units of energy 
* identify and quantify the food sources of energ:; 

describe the main factors affecting energy intake 
explain the components of energy expenditure, their relative size 
and variabilit~ 
describe the methods of measurement of energy expenditure for 
different purposes 

* describe the assessment of energy needs 
identify the main types of signals in relation to hmger and satiety 

* describe the changes in energy expenditure that occur in response 
to undernutrition and overnutrition 

,.>A ... :, . ,. . 
I '. ' 2.1 INTRODUCTION ?.. ,;.. X .  s...~.:. t . ;.,, ?'. ; .. :~ .-S, : ,?. 

This chapter is concerned with composition of the body throughout the life 
span, as well as how body weight is regulated. 

The percentage of body un eight made up of the main tissues is typically: adi- 
pose tissue 28, 35; muscle 37, 33; bone 14, 13; and skin 6, 6,for men and zuomen 
respectively. 



Fat  and fct+ee m a s s  together izlake up tstal body weight. TI-me terms 
should be distirguished froLm ad i~ose  tissue and lean body mass urhich also 
together _make up total body weight. The terms fat-lree mass ancl lean body 
mass are often used interchangeably but this is not appropriate. Adipose tis- 
sue is not pure fat, but approximately 79% fat, 3% protein and 18% water. 
Also, tissue other than adipose tissue is not totally fat-free, since there is lipid 
in cell membranes and in nervous tissue. Our understanding of body com- 
position in human subjects is based on the chemical analyses of six cadavers 
(five male and one female), performed between 1945 and 1956. On average 
fat-free tissue contains about 72.596 water, 20.5% protein and 69mmol K/kg. 
However, individual tissues and organs vary in their protein, water and min- 
eral content. 

f 
1, W a t e r  and electrolytes 

A typical normal young adult male who weighs 70kg with an assumed fat 
content of 12kg (17%), would have fat-free mass of 58kg (8396). By far the 
largest component of fat-free mass is water, on average 72.5%. Approximately 
two-thirds of this water is inside cells, ie intracellular fluid (ICF), and the 
remaining third is extracellular, ie extracellular fluid (ECF). 

The total amount of water in the body, and the partition of body water 
between ICF and ECF, is closely regulated (see chapter 4). Body stores of pro- 
tein, energy, vitamins and minerals ensure survival for many weeks without 
dietary intake, but deprivation of water causes death in a few days. The prin- 
cipal anion in ICF is K, with a small amount of Na and Mg. The principal 
anion in ECF is Na, and C1 is the principal cation. 

Bone 

An adult body contains approximately 1 kg of Ca, of which 99% is in bone. 
This acts as a reservoir to maintain an appropriate plasma concentration of 
calcium. The skeleton also contains approximately 500 g of P and more than 
half the collagen in the body, the remaining collagen being in skin, tendons, 
and fascia1 sheaths. For more details see chapter 9. 

Muscle 

There are three types of muscle: skeletal, smooth and cardiac. In a typical 
adult, skeletal muscle accounts for approximately 35% of body weight, and 
another looh is smooth muscle. Resting skeletal muscle has a lower energy 
consumption per unit weight than tissues such as heart, Liver, kidneys or 
brain, but during vigorous physical exercise the energy cons~unption in mus- 
cle greatly exceeds the total of all other body tissues. Skeletal muscle consists 
of bundles of individual muscle fibres, each constituting a muscle cell and 
containing hundreds to thousands of myofibrils which each contains about 
1500 myosin filaments overlapping with around 3000 actin filaments. When 
the muscle contracts the overlap between the actin and myosin fibres increases 
and the bones to whch  these ends are attached are pulled towards each other. 



Skeletal muscle has ~FND :,yes of muscle fibres: red and white fibres. Red mus- 
cle sustains postilre for long periods, vihile x,\i'hite muscle is for rapid move- 
inent. Lr hurnar subjects n s s t  muscles contain a rilixh~re of red and whte  
fibres. The process oi muscle contraction is considerd in chapter 7. 

Smooth muscle fibres are far small'er and lie in the walls of blood vessels, 
gut, bile ducts, ureters, and uterus. Contraction and relaxation of the smooth 
muscle in the walls of these organs alters the diameter of the tubes, or may 
be organized in peristaltic waves so as to move forwards the contents of 
the tube. 

Cardiac muscle forms the chambers of the heart. Unlike skeletal muscle it 
is not organized as bundles of individually innervated muscle fibres, but is 
a syncytium of cells fused end-to-end in a 1attice.w-ork. The electrical potential 
that causes one cell ti: contract passes to adjacent cells so that the whole mass 
of muscle contracts and relaxes synchronously. Contraction expels the blood 
within the chamber through an exit valve, and then as it relaxes the chamber 
refills with blood that flows in through an entry valve. 

Blood 

Blood consists of plasma and cells - red blood cells (RBCs), white blood cells 
(WBCs) and platelets. Its main function is to transport oxygen, nutrients, 
and hormones to the tissues, and to remove carbon dioxide and other waste 
products from tissues. Ln a typical adult the volume of blood is approxi- 
mately 51, of whch  about 55% of the volume is plasma and 45% packed 
cells (the haematocrit). In a glass test tube blood solidifies as a web of the 
protein fibrin forms and contracts, trapping the cells to form a blood clot and 
a clear yellowish supernatant fluid (serum). Serum is plasma from which the 
blood clotting proteins have been removed. To obtain plasma fresh blood is 
put into a tube with an anticoagulant, and then separated from the cells by 
centrifugation. 

RBCs contain haemoglobin in a biconcave cell wall which is freely per- 
meable to oxygen. They enable blood to transport large amounts of oxygen. 
RBCs develop in the bone marrow from stem cells to reticulocytes which 
contain remnants of nucleic acid and are the most immature form of red cell 
normally seen in the peripheral circulation. Normally 99% of RBCs are fully 
mature, with no nucleic acid or nucleus, and survive in the circulation for 
about 120 days, then are destroyed in the reticula-endothelial system. The 
haemoglobin is broken down to bilirubir,, and the iron is recycled for the 
synthesis of new haemoglobin for new XBCs. 

VVBCs are approximately a thousand times less common than RBCs in the 
blood. The commonest type of WBC is the polymorph, or neutrophil granu- 
locyte, which, like RBCs, is formed in bone marrow and rapidly increases in 
number in response to infection or tissue injury, surviving in the peripheral 
circulation for a very short time; their half-life is estimated at 6-8 hours. The 
next commonest WSC is the lymphocyte, which is formed in lymphoid tis- 
sue and is involved in iinmune responses. The remainiqg WBCs (monocytes, 
basophil and eosinophil granulocytes) occur still more rarely Platelets 
are very small cells that are involved in blood clotting and the repair of 
damaged blood vessels. 



Body fat is a \-alunble store of energy during times of famine; and a thermal 
insulator against cold, but in affluent comiries (and i n c ~ e ? ~ s ~ g i y  in devel- 
oping countries) the need for protection from farnine and cold is less often 
req~~ired, and excessive fatness is increasingly common. 

The typical 70kg adult male contains 12kg of fat, which is 17% of body 
weight. This degree of fatness is w i t h  the heal+hy range (15518%). Usually 
90% of t h s  fat is under the sku?, but some is within the abdominal cavity and 
a small amount between muscles. Not all body fat is available for energy; ever. in 
people who have died of starvation about 2kg of fat remains. A reserve of 10 kg 
of fat can provide 375MJ (90,000kcal) of energy, whch is equivalent to about 
4 weeks of normal energy requiremznts. In fact people oi normal weight under- 
going total starvation survive for about 10 weeks, because ener,y expenditure 
decreases. In severely obese people the fat stores may reach 80 kg, such people 
could survive a year of starvation, although this is not appropriate treatment 
for severe obesity. The amount and distribution of body fat differs between 
men and women, women having a hgher % body fat, the healthy range being 
22-25%. At puberty women tend to store fat around breast, h p  and thgh 
regions, whereas men tend to accurn~date fat in and on the abdomen. 

Body fat is synthesized by, and stored in, fat cells, or adipocytes. There are 
hvo types, whte  (the majority) and brown. W t e  adpocytes can develop at 
any age if the amo~mt of fat to be stored increases. They contain a single central 
droplet of triacylglycerol, surrounded by a t h  layer of cytoplasm containing 
the nucleus. Wlute adipose tissue is a source of hormones, at least two of whch, 
oestrogen and leptin, have important functions related to energy balance and 
reproductive function. In post-menopausal women adipose tissue is the only 
route of oestrogen production. Leptin is the product of the ob gene, whch is 
involved in the control of both food intake and energy expenditure. Obese mice 
whch lack tlus gene are deficient in leptin and mfertile; administration of lep- 
tin corrects both obesity and infertility in these animals. Unfortunately obese 
human subjects usually have abnormally h g h  circulating leptin concentrations, 
and the administration of leptin is not an effective therapy. 

The brown fat cell differs from white adipocytes in having only small fat 
droplets in a cytoplasm rich in mitochondria. Brown fat cells are particularly 
important to small mammals including human babies because they generate 
heat, whch  helps to maintain body temperature in cold environments. 

> n 2.3 CHANGES IN BODY SIZE AND COMPOSITION 

Throughout t h e  lifespan 

On the first day after fertilization the human embryo is a single cell, approxi- 
mately 0.15mm in diameter. After two months of intrauterine life it is about 
30mm long with recognizable head, trunk and limbs; the head accounts for 
half the total body length. By the end of normal gestation at 9 months, the 
fetus is 500mm long and weighs about 3.5kg, the head being one-quarter of 
total length. After two decades of extrauterine life the average adult weighs 
about 70kg and is 1.7-1.8m tall, with the head accounting for only one- 
eighth of total height. 



I F-tus FuZI-:errs, 3nfam Malnoonshed Adult Obese / 
20-25 baby jl yea3 infane man man 
weeks 

Body we~ght (kg) 0 3 3 5 20 5 70 1 00 
1 Warer (%) 8a 69 62 74 60 47 

Protein (96) 9 5 i 2 14 14 17 13 
Fat ( Y o )  0 5 I 6  20 i 0 i 7 3 5 
Remainder ( O h )  2 3 4 2 6 5 

During growth there are changes im the composition of the tissues (Table 2.1). 
The embryo contains a very high percentage of water, but with matura- 
tiorL during childhood and adolescence the proportion of water in the body, 
and the proportion of extracellular to intracellular water, decreases. Fat-free 
~nass remains fairly constant in both men and women between the ages of 
20 and 65 yea-rs, but then decreases by about 15% in the next two decades. 
Throughout adult life there is a trend for fat mass to increase in both men 
and women, but the Increase is more rapid in post-menopausal women. 

Through diet and I nxercgse 

Over a given period, i! the energy intake of an individlual is less than energy - ~ 

output, then the energy stored in the body is reduced by the same amount, 
by losing fat, fat-free tissue, or (more probably) a mixture of both lean and fat 
tissue. However as weight is lost, resting energy expenditure also decreases, 
so for a given energy intake the energy deficit, and hence the rate of weight 
loss, also decreases. Weight loss is significantly faster during the first week 
than during the next 2 weeks because during the first week on a diet gly- 
cogen and its associated water (see chapter 4) is lost, especially on very low - 
carbohydrate diets. During total starvation weight loss is even more rapid, 
partly because the energy deficit is greater, and partly because a higher pro- 
portion of the weight loss is fat-free mass to provide amino acids for glu- - 
case synthesis (see chapter 4). Total starvation has ceased to be an acceptable 
treatment for gross obesity because several patients died unexpectedly, due 
to damage to heart muscle. 

Strenuous exercise causes muscle hypertro~hy, and immobilization causes 
atrophy of muscle Exerclse also Increases energy expenditure, so a combina- 
tlon of a low energy diet and exercise should achiex;e more fat loss, and less 
loss of fat-free mass. than dlet alone. 

Bone density is affected by diet, exercise, genetic and other factors (see 
chapter 9). 

Through changes in hydration 

Regulation of body water is discussed in chapter 4. Dehydration may occur if 
water losses are very high, as in severe diarrhoea, or with sweat loss in high 
ambient temperature or during prolonged vigorous exercise. Dehydration 



also occur svith abuse of diure;i,: d:ngs to zchln.~? ~,li?ig:-~t loss, CI Liurin~ 
the recovery phase of diabetic ~~~~~a. 

VVater excess, indicated by oedemq, is ,much mmore common hari  dehyclra- 
tion. The commonest caus,e in eideriv , A ~ e o p i e  is congestive heart failure: the 
heart is unable to pump blood out as fast as it returns from the veins, the 
veins become engorged and leak fluid into the tissues. Another cause is when 
the kidney leaks albumin into the urine, so decreasing the plasma oncotic 
pressure allowing fluid to pass from the vascular system into the extracel- 
iular spaces. 

Oedema is also a feature of certa

in 

types of malnutrition. It is a striking 
feature of kwashiorkor (see cha2ter 8). A marasmic child does not show 
obvious oedema; however in such children water accounts for an abnormally 
high proportion of body weight. 

4 

2.4 USE O F  BODY SIZE Afda COMPOSlTiON D.A-r%. 

i 
4N NUTRITION 

Body size and composition is useful for the assessment of current nutritional 
status, and serial measurements for changes in status, and also for standardi- 
zation of physiological measurements and drug dosage. Measurements of the 
size and composition of a body are made for nutrition assessment to estimate 
the extent of obesity, thinness, muscle rwasting and stunting (see chapter 12), 
osteoporosis (see chapter 9) and anaenia (see chapter 5). Many physiologi- 
cal measurements give results that are related to body size or composition 
and so have to be standardized for comparisons. For example larger people 
expend more total energy than smaller people for the same activity but if 
the energy expended is expressed per unit body weight or per unit fat-free 
mass, this may not be the case. It is sometimes necessary to adjust for body 
size or composition, for example to calculate the dose of drugs given to small 
children. 



2.5 INTRODUCTION TO ENERGY BALANCE AND BODY 
N 
b* 

WEIGHT REGULATION m 
w 

Understanding how body weight is regulated is still challenging. Failure of 
this regulation leads either to obesity or to protein-energy malnutrition An 
understanding of how energy balance and weight homeostasis are achieved 
requlres an appreciation of the following: 

* the basic concepts and principles of energv transformations through 
which body weight is regulated 

* factors affecting food intake and energy expenditure, which represent the 
input and output of energy 

* the methods for assessing energy expenditure and energy requirements 
models proposed to explain the regulation of body weight and body 
composition in humans. 

C 

2.6 BASIC CONCEPTS AND PRfNClPLES IN HUMAN 3 
w 

EPdERGET1C5 3 
rn 

Energy badance and  t h e  laws of thermodynamics 

Energy is the capacity to perform work and has various forms - light, 
chemical, mechanical, electrical - all of whch  can be completely converted 
to heat. According to the ,first lnzv of thermodynamics, energy cannot be cre- 
ated or destroyed but can only be transformed from one form into another. 
Plants depend cn light energv captured from the sun to perform the work of 
spthesizing molecules like carbohydrates, proteins and fats, while animals 
meet their energy needs from chemical energy stored in plants or in other 
animals, which is used to perform a variety of work, such as the synthesis 
of new macromclecules (chemical zuouk), in muscular contraction (rdechnnical 



i c o ~ k )  01 in 'the maintenancr sf ionic gradients across membranss (electuicnl 
soo;*k]. 

Overall energy balance is given 5y the following eqaation: 

Energy intake = E n e r a  expenditure f AEnergy stores 

Thus, if the total energy contained in the body (as fat, protein and glycogen) 
is not altered (ie AEnergy stores = O ) ,  then energy expenditure must be equal 
to energy intake and the individual is said to be in a state of energy balance. 
If the intake is less than expenditure the negative energy balance results in a 
decrease of the body's energy stores (glycogen, fat and protein) or if intake 
is more than expenditure the positive enerpj  balance results in an increase in 
body energy stores, primarily as fat. 

The second law o f  they-modynmnics states that when food is utilized in the 
body, there is an inevitable loss of energy as heat. The conversion of available 
food energy is therefore not a perfectly efficient process, and about 75% of 
the chemical energy contained in foods may be ultimately dissipated as heat. 
The energy in food is converted into discrete amounts of chemical energy 
usually as adenosine triphosphate (.4TP), which can be used for useful work, 
whether it is the internal work required to maintain structure and function or 
external physical work. 

Units of energy 

Since all the energy used by the body at rest is ultimately lost as heat, the 
energy that is consumed, stored and expended is expressed as its heat equiv- 
alent. The calorie was originally adopted as the unit of energy in nutrition; it 
is defined as the amount of heat required to raise the temperature of 1 gram 
of water by 1°C (from 14.5"C to 15.5"C); nutritionally the kilocalorie (= 1000 
calories) is used. With the introduction of the SI system, energy is expressed 
as joule (J). One joule is the energy used when a mass of 1 kilogram (kg) is 
moved through 1 metre (m) by a force of 1 Newton (N). Because one joule 
is a very small unit of energy, it is more convenient to use kilojoule (kJ) or 
megajoule (MJ) in nutrition. Rates of energy expenditure (often referred to as 
metabolic rate) are expressed in kJ or MJ per unit time (kJ/min or MJ/day), 
which correspond to 10" and lo6 J, respectively. The conversion of calories to 
joules is: 1 calorie = 4.18 J, or 1 kilocalorie (kcal) = 4.18 kilojoule (kJ). 

Sources of energy and jmacronutrient balance 

The macronutrients (carbohydrate, fat, protein and alcohol) are the sources 
of energy, so it makes sense to consider energy balance and macronutrient 
balance together: 

carbohydrate intake - carbohydrate oxidation = carbohydrate balance 

protein intake - protein oxidation = protein balance 

lipid intake - lipid oxidation = lipid balance 

total energy intake - total oxidation = energ/ balance 



Unlike tihe slze of the fat stores, which can increase very c~nsicler~bly, t.here 
is a iimited ca7acity for storing pl-otein in fat-free mass and for carbohydrate 
as glycogen in liver and muscles. Protein and glucose tend to be oxidized 
more readily .than fa:, and alcohol, -vvlnirh is not stored in the body, is oxi- 
dized rapidly (sparing fat). 

2.7 ENERGY INTAKE 

Energy value of foods and Ahivarer factors 

The traditional way of measuring the energy content of foodstuffs is to 
use a 'bomb caiorimeter' in which the heat produced when a sample of 
food is cornbl~sted (in presence of oxygen) is measured. When the food is 
combusted, it is completely oxidized to water, carbon dioxide and oxides 
of other elements such as sulphur and nitrogen. The total heat liberated 
(expressed in kilocalories or kilojoules) represents the gross enevpj value or 
heat ofcornbtis~ion of the food. The heat of combustion differs between carbo- 
hydrates, proteins, and fats and there are differences within each category of 
macronutrient. 

However, there is less energy available to the body than the gross 
energy of food consumed. Firstly, none of the foodstuffs is completely 
absorbed; although on average more than 90% of fat, carbohydrate and 
protein is absorbed, some is not and therefore some energy is excreted 
in faeces. Secondly, whilst the tissues are able to oxidize carbohydrate 
and fat completely to carbon dioxide and water, the oxidation of pro- 
tein is not complete, and results in the formation of urea and other nitrog- 
enous compounds which are excreted in the urine. This energy represents 
metabolic loss and must be subtracted from the 'digestible' energy of pro- 
tein. From these considerations, the 'Atwater factors' for available energy 
(or metabolizable energy) of the three macronutrients have been derived 
(Fig. 2.1). These are, in kcal/g, protein 4, carbohydrate 4 and lipid 9. The 
value for alcohol is 7. It is the metabolizable energy value that is quoted in 
food composition tables. It is important to remember that these factors make 
allowance for the energy in the food lost in faeces and urine and they are 
appuoximafions. 

Pattern of .food intake 

In contrast with energy expenditure, which is continuous, human beings 
eat food in a discontinuous manner and the amount of food eaten can range 
from zero to up to 21 h1J/ day (5000 kcal) in hghly active individuals or dur- 
ing acute episodes of overeating (hyperphagia). This lack of regularity of 
food behaviour occurs both w i t h - d a y  and between-days, wluch explains 
the difficulty in assessing food intake in order to obtain a representative pic- 
ture of 'habitual' food (energy) intake. The various methods used to assess 
energy intake are described in chapter 12 iacluding factors leading to under- 
estimation or overestimation of energy intake, and hence leading to a bias in 
the estimation of energy balance. 



Gross energy ('ncallgj 1 I 

Heat of cornbust~on i 
Source Prote~n CHO 

An~rnal 3 90 
; Vegetable 4 20 
, 

m,-T------- + Energy in faeces 

Digestible energy (kcallg) 
I 
I Source ! Protein CHO -- Lipid 

/ Animai 5.48 3.82 9.03 
I Vegetable 
t 

4.93 4.07 8.37 

%*m.a.mu.A--.l 

+ Energy in urine 
7.9 kcallg N 
1.25 kcalig protein 
oxidized 

Footnote: 1 kcallg = 4.18 kJIg 

Figure 2.1 Gross, digestible and metabolizable energy values o f  macronutrients 

2.8 ENERGY EXPENDITURE 

Components of energy expenditure 

Energy expenditure is made up of three components: basal metabolism 
(or basal metabolic rate), physical activity, and thermogenesis, whch  is the 



respnse to a variety of stirn~yli (including food, cold, stress and drugs). 
These t hee  components are described below. 

Basal netwboiic rote {BM,?] 

This is the largest component of energy expenditure for most individuals. 
Typically, in developed countries BblR accounts for 60-75% of daily energy 
expenditure, and reflects the energy needed for the work of vital functions 
(maintaining electrolyte equilibrium across cell membranes, cell and pro- 
tein turnover, respiratory and cardiovascular functions, etc). By far the most 
important determinant of BbIR is body size, and in particular the fat-free 
mass, which is influenced by weight, height, gender and age. On average, 
men have greater fat-free mass and total FMR than women of the same age, 
weight and height, and older people have lower fat-free mass and total BMR 
than young adults. IMost, but not all, of the differences in BMR between 
these groups disappear when BMR is expressed per unit of fat-free mass 
which includes tissues and organs which have h g h  metabolic activities such 
as liver, kidneys, and heart. In contrast, the contribution of adipose tissue to 
BMR is small. BMR is greater than the metabolic rate during sleep by 5-20%, 
the difference between BMR and sleeping metabolic rate being explained by 
the stimulation of being awake. BPAR is known to be depressed during star- 
vation and energy restricted dieting due to the loss in body weight and lean 
tissues. 

Physical activity 

The energy spent on physical activity naturally depends on the type and 
intensity of the physical activity and on the time spent in different activi- 
ties. There is a wide variation in the energy cost of any activity both within 
an individual and between individuals, due to differences in body size and 
in the speed and dexterity with which an activity is performed. To adjust for 
differences in body size, the energy cost of physical activities is expressed as 
multiples of BMR, generally ranging from 1-5 for most activities, but reaching 
values of 10-14 during intense exercise. Physical activity can represent up to 
7O0i0 of daily energy expenditure in an individual involved in heavy manual 
work or competition athletics but for most people in industrialized societies 
physical activity represents only 10-15% of daily energy expenditure. 

The maln forms of thermogenesis are. 

1. Psychological: Anxietji, anticipation and stress stimulate adrenaline 
secretion, leading to increased heat production. The best evidence comes 
from a study on pilots, whose energy expenditure increased when they 
were under air traffic control, with the rise being inversely related-to 
their level of experience. 

2. Cold-induced: Human beings rarely need to increase heat production for 
the purpose of thermal regulation because they are able to seek a warm 
environment or wear suitable clothng. However at low temperatures, 



resting metabolic rate (and hence heat production) increases. For 
example, norrnal ~nreight .women imainfained i7 iclenfical clothing in a 
room calorimeter increased cltheir 24h heat production by about 79G whzn 
the temperahre in the calorimeter room v:as reduced from 28°C to 22'C. 
Two forrns of cold-induced thermogenesis exist: shivering thermogenesis, 
which is rhythmic muscle contraction, and non-shivering thermogenesis, 
which is due to increased sympathetic nervous system activity. This 
occurs particularly in brown adipose tissue in small mammals but is also 
demonstrated in adult humans chronically exposed to extreme cold. 

3. Diet-indticed: Heat production increases following the consumption of a 
meal, and with high levels of food consumption. 'Diet-induced 
thermogenesis' or DIT, can be divided into an obligntory component 
(related to the energy costs of absorption and metabolic processing of 
nutrients or the energy cost of tissue synthesis during overfeeding) 
and a,factiItative component which results from the smell and taste of 
food, and from stimulation of the sympathetic nervous system as part 
of the regulation of energy balance. 

4. Duug-induced: The consumption of caffeine, nicotine and alcohol may 
form an integral part of daily life for many people, and all three of thgse 
drugs stimulate thermogenesis. A cup of coffee (containing 60-80mg 
caffeine) can increase BMR by 5-10% over an hour or two. Taking 100mg 
caffeine every two hours during the day or smoking a packet of 20 
cigarettes increase daily energy expenditure by 5% and 15%, respectively 
This may be a factor that contributes to the average weight gain of 7kg 
after cessation of smoking. 

5. Energy expenditure during involuntary activity, including fidgeting, is 
referred to as non-exercise activity thermogenesis (NEAT), and this can 
be important in body weight regulation. 

n 
z a 2.9 FUEL METABOLISM AT THE LEVEL OF ORGANS 
Z A N D  TISSUES 

Metabolic rate of organs and tissues 

The heat production of individual tissues and organs can be calculated from 
the oxygen consumption by measuring blood flow and the arteriovenous dif- 
ference in oxygen concentration across tissues and organs. Normalized for 
body mass, adipose tissue has the lowest metabolic rate and in a non-obese 
subject contributes to 3-5% of the total resting energy expenditure, although 
it represents 20-30% of body weight. The majority of the heat production 
(about 60%) comes from active organs such as the liver, kidney, heart and 
brain, although they account for only 5-69/0 of total body weight. The heat 
production of muscles per unit mass is much lower than that of metaboli- 
cally active organs, but because of their large size (more than half of the total 
fat-free mass) they contribute about 20% of total heat production. 

The metabolic rate per kg body weight (or per kg fat-free mass) is much 
greater in young children than in adults. The reduction of metabolic rate with 
increasing age is mostly due to a change in the proportion of different tis- 
sues. The larger proportion of metabolically active tissues (brain, liver, heart, 



kidneys) in Lrfants and children explains their higher metabolic rates corn- 
pared with adults (when expressed in relation to fat-free mass). 

2. I C MW.SL1REMENYS 3 F  ENERGY' EXPENDITURE 

principles of energy expenditure measurements 

The energy expended by an individual can be assessed by direct and indi- 
rect calorimetry. Direct calorimetry is the direct measurement of heat out- 
put but is rarely used because in order to measure this, activity needs to be 
restricted. Indirect calorimetry involves calculating heat production from the 
rate of oxygen consumption (V02). This is because energy expenditure uti- 
lizes ATP (adenosine triphosphate) which is directly linked to the oxidation 
of substrates. It is the rate of ATP utilization that determines the rate of 
substrate oxidation and therefore oxygen consumption and carbon dioxide 
production, which can be measured. 

Assessment of BMR and energy cost of activity 

The measurement of BMR is made under standardized conditions - i, a in ' an 
awake subject lying in the supine position, in a state of physical and men- 
tal rest in a comfortably warm environment, and in the morning in the 
post-absorptive state, usually 10-12 hours after the last meal. Under these 
conditions, the expired air (collected in a gas bag over a certain period of 
time or coming from a ventilated hood system at a constant flow rate) is ana- 
lysed for changes in O2 and C02 concentrations. The energy cost of activities 
is measured by a portable indirect calorimeter. 

Assessment of energy expenditure in free-living conditions 

Various indirect methods have been used to assess total energy expenditure 
an  in free-living humans. Early studies estimated energy expenditure usin, 

activity diary, but today the two most commonly employed non-calorimetric 
methods are the heart rate and the doubly-labelled water technique. 

Heart rate 

The method involves establishing individual regression lines between heart 
rate and energy expenditure of a range of activities within the habitual heart 
rates observed in normal life. Heart rate is recorded minute-by-mhute 
throughout the day, using portable heart rate monitors, to give the number 
of minutes spent at each heart rate. The energy expenditure at a given heart 
rate is calculated from the regression line, and integrated throughout the day. 
However the heart rate method gives much less reliable estimate of energy 
expenditure for an individual than for a group. 

Doubly-dabelled water 

The stable (non-radioactive) isotope method for estimating energy expenditure 
by giving the subject a measured dose of doubly-labelled water (2H2 and ''0) 



ta drinlc is based on the subsequent difierence ii? th~e rates of disappear- 

an

ce of 'H,O and H:]% Ori body water, which is used to estimate the rate of 
energy expenclia~re. 

Estimations of energy requirements 

The energy requirement of an individual is defined by the World Health 
Organization (WHO) as 'the level of energy intake that will balance energy 
expenditure when the individual has a body size and composition, and a 
level of physical activity, consistent with long-term good health'. The energy 
requirement should also allow the maintenance of economically necessary 
and socially desirable physical activity. In children and pregnant or lactating 
women, the energy requirement includes the energy needs associated with 
the deposition of tissues or the secretion of milk at rates consistent with good 
health. 

The energy needs of a group represent the average value of the individu- 
a l s  making up that group. The term 'requirements' refers to the 'habitual' or 
'usual' requirements over a certain period and can best be determined from 
expenditure rather than intake measurements or estimated by the 'factorial' 
approach. The BMR is first calculated from equations based on body weight 
and the physical activities are classified into levels such as light, moderate or 
heavy and multiplied by the appropriate factor, and the total energy require- 
ment can be calculated by summation. A group with occupational work clas- 
sified as 'moderate' activity will have an energy requirement calculated over 
24 hours of 1.78 X BrYIR in men and 1.64 X BMR in women. 

The rate of total energy expenditure (TEE), directly assessed in a respira- 
tion chamber or by doubly-labelled water, can also be expressed as a multiple 
of BMR. The ratio of TEE and BMR provides a rough index of physical activ- 
ity (referred to as 'physical activity level' or PAL). Based on double-labelled 
water measurements in free living non-obese adults, typically the ratio TEE/ 
BMR ranges from 1.64 to 1.98. 

u 

E 2.1 I TIMESCALE OF ENERGY BALANCE AND BODY 
5 .. WEIGHT VARIABILITY 

In many individuals, body weight remains relatively constant over many 
years in spite of large day-to-day variations in the amount of food consumed. 
There is little doubt that regulation of body weight occurs, with varying 
degrees of precision, although the timescale over whlch it occurs is not clear. 
Three important features of energy balance and w-eight regulation are: 

human beings do not balance energy intake and energy expenditure on a 
day-to-day basis but usually over 1-2 weeks 
for most individuals weight remains within a few kg over several decades; 
matching of long-term energy intake and expenditure must be extremely 
precise since a persistent difference of only 1% would lead to a gain or loss 
of about 10 kg per decade 

* body weight tends to fluctuate around a constant mean value, with 
small or large deviations from a 'set' or 'preferred' value being triggered 



by events  that are seasonal and/or culb-iral (-fveek-end parties, holiday 
seasons), psychological (stress, depression, anxiety or emotions) and 
pathophysiological (ranging from rnkLor health dishrbances to serious 
diseases). 

2.12 CONTROL Of FOOD INTAKE 

Hunger and satiety 

Research into the control of energy intake is very difficult, primarily because 
habitual intake is not easy to measure and because the intake of foods is 
altered by the experiments themselves. i3ecause of these difficulties, much of 
the work carried out in h ~ ~ m a n  beings has been concerned with short-term 
hunger and appetite studies or with short-term satiety and satiation. Hz~ngev 
may be defined as a 'demand for energy' (eg after starvation), riiihiie appetite 
refers to 'a demand for a particular food'. Appetite is a powerful but poorly 
controlled stimulus to eat even when not hungry. Satiety refers to the inhibi- - 
tion of further intake of a food and meal after eating has ended. 

Even though subjects may feel satiated by one particular food, they will 
continue to eat when a new food is presented. Conversely, when presented 

- 

with a monotonous diet, their intakes are usually low. These observations 
suggest that when the psychosocial incentives to eat are removed, human 
beings can control food intake quite precisely. However several other fac- 
tors contribute to a poor control of food intake in affluent societies, leading 
to obesity (Box 2.1). 

Hunger-satiety control centres in the brain 

'Centres' in the hypothalamus are involved in the control of feeding behav- 
iour. People with damage in the hypothalamus, due to trauma or tumour, 
often show abnormalities in feeding behaviour and weight regulation, 
although many other extra-hypothalamic areas of the brain also play a role 
in the control of food intake. 

Satiety signals from the periphery 

The sensations of hunger and satiety result from integration in the brain of 
numerous signals originating from a variety of peripheral tissues and organs, 



including the gasiroixtesi-inal trac, liwr, adipose iiss~~e, and perhapi also 
skeletal muscle. These include: 

Signals from stretch- and mechano-receptors or from chemoreceptors ID. the 
gastrointestinal tract that respond to the products of digestion (sugars, fatty 
acids, amino acids and peptides), have a major role in the short-term regula- 
tion of food intake by limiting the size of a single meal. For example, chole- 
cystokinin (CCK) decreases rneal size. 

Arninos~otic or protein-static signals 

Based on observations that dietary protein induces satiety in the short-term, 
and consumption of lorn-protein diets leads to increased appetite for protein- 
containing foods, the aminostatic theory states that food intake is determined 
by the concentration of plasma amino acids. 

Giucostatic ond glycogenostatic signais 

A glucostatic theory for the regulation of feeding behaviour proposes that 
there are chemoreceptors in the hypothalamus sensitive to the arteriovenous 
differences in glucose or to the availability and utilization of glucose. 

Lipostatis or adipostat signals 

A lipostatic theory of food intake control postulates that substances released 
from the fat stores function as satiety signals. For example, leptin is primarilv 
produced by adipocytes, is released into the circulation from adipocytes and 
acts on hypothalamic receptors to induce satiety. The blood concentration 
of leptin is proportional to the adipose mass, and its elevation in the obese 
has led to the hypothesis that resistance to the action of leptin is a factor in 
obesity. 

Integrated models of food intake control 

The control of food intake is considered in three phases: 

short-tevm (hour-to-hour) blood glucose homeostasis 
* medium-term (day-to-day) maintenance of adequate hepatic stores of 

glycogen 
* long-term (weeks, months or years) maintenance of the body's fat and 

protein, ie fat mass and fat-free mass. 

The long-term stability of body weight and body composition requires 'hat 
energy expenditure be equal to energy intake, and that the composition of the 
fuel used be equal to that ingested. Since the protein and carbohydrate stores 
in the body are limited, there is an increase in their oxidation in response to an 
increase in their ingestion. In contrast, an increase in dietary fat does not imme- 
diately promote its oxidation and so fat balance is not precisely regulated. 
Trus contributes to depletion of glycogen stores by increasing carbohydrate 



oxidation. '~Vhen the hgher fat ir~take is eventually match~d by nigher fat oxi- 
dation the individual ~vrouid then be both in fat balance and in enerz] balance, 
but at a higher percentage of body fat. The interpretation of this concept of 
nut~ient balance is that the control of food intake can be viewed as both glyco- 
uenic (short-term) and lipostatic (long-term). 
0 

2.13 ADJUSTMENTS IN ENERGY EXPENDlTURE 

In addition to the control of food intake there is also ample evidence that 
autoregulatory adjustments- in energy expenditure play an important role 
in the regulation of body weight and body composition. Any imbalance 
between energy intake and expenditure results in a change in body weight 
which, in turn, will alter the maintenance energy requirements -which tends 
to counter the orig

in

al imbalance. 
Even after adjusting for changes in body weight and composition subjects 

maintaining weight 10% below their initial weight have lower daily energy 
expenditure. These compensatory changes in energy expenditure reflect 
changes in metabolic efficiency (ie adaptive thermogenesis) that oppose the 
maintenance of a body weight that is above or below the 'set' or 'preferred' 
body weight. There is a wide range of individual variability iq the amount of 
weight gained per unit of excess energy consumed which is strongly influ- 
enced by the genetic make-up of the individual. 

2.14 INTEGRATING INTAKE A N D  EXPENDITURE 

In order to achieve long-term constancy of body weight, compensatory 
adjustments occur in both energy intake and energy expenditure. Body 
weight replation involves physiologically-induced nuto~e,rr t~lntory adjust- 
ments in energy intake and in energy expenditure, ie those beyond vol- 
untary control. However, if there is a change of several kilograms in body 
weight there will be changes in appearance, the fit of clothes, exercise toler- 
ance, and general wellbeing. The response is to control or attempt to control 
food intake or energy expenditure via changes in physical activity. In many 
individuals, the importance of such cognitive (conscious) controls over food 
intake and energy expenditure can be as important as non-conscious physi- 
ological regulations. 
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Food Consumption 

By the end of this chapter vou should be able to: 

list the major food groups 
identify the main sources of nutrients in Western diets 
understand the purpose of additives in food processing 

* describe the main types of natural toxins, pollutants and pathogenic 
agents 
appreciate the similarities and variability in food and nutrient 
patterns in different population groups and countries 
describe h e  different types of vegetarian diets 

* identify the nutrients most likely to be lacking from vegetarian diets 
* understand how the health of vegetarians/vegans differs from those 

of omnivores 
understand the social, psychological, geographic and economic 
factors determining food choices and diet patterns 

* be aware of changing trends over time including novel foods 

3.1 INTRODUCTION TO FOOD CONSUMPTlON 

In tlus chapter the major food groups in the diet are presented in terms of 
their nutrient and non-nutrient content including food additives and food 
toxins and pollutants. The variability of dietary patterns between countries 
and between subgroups in the population is discussed, with special reference 
to vegetarians; the factors that account for dietary variations, and chang- 
ing trends in food intake patterns (including novel foods) over time are also 
examined. 

3.2 MAJOR FOOD GROUPS IN THE WESTERN DIET 

Western diets are composed of several food groups that provide all the nutri- 
ents and non-nutrients for optimum health, including cereals and cereal 
products (eg bread); vegetables and fruit; roots and tubers; milk and other 



/ ~ o o d  group FQQA gi'iday I 
Cereal '~Vhite bread 

Wholemeal bread 
Other bread 
Pasta and rlce 
H~gh-fibre breakfast cereals 
Other cereals 
Potatoes (not fried) 
All starchy foods 

Dairy Whole milk I62 
Reduced fat milk 62 
Cheese and d a ~ r j  desserts 28 
All da~ry products 253 

Meat, fish, etc Meat and poultry 165 
Eggs 25 
Fish and shell fish 3 0 
Nuts and pulses 18 
All meats and alternatives 238 

Vegetables and fruit Vegetables 143 
Fresh fruit 5 9 
Canned fruit and other fruit 77 
All vegetables and fruit 279 

Daro t o m  Gregory et  ol 1990 

dairy products; meats, fish, eggs and other sources of protein; fats and oils. 
The food intake patterns for British adults are shown in Table 3.1. The non- 
nutrients discussed in this chapter include those for whch  there is evidence 
for a beneficial effect on human health, as well as other non-nutrients in 
foods such as contaminants, allergens and food additives that do not have 
specific health benefits. 

Nutritional importance of major foods and food 
products in the Western diet 
Cereals and cereal products 

The major cereals in the human diet are wheat and rice foll.o-cved by maize, 
barley, oats and rye. Cereals are the staple foods in almost all populations. 
Carbohydrates form the major part of the cereal grain and consequently 
these are often referred to as carbohydrate foods. Cereals represent the most 
important plant foods in the human diet for their contribution to energy and 
carbohydrate intake and their micronutrient content. In developed coun- 
tries, such as the UK, cereals provide approximately 30% of the energy intake 
whilst in developing countries they contribute as much as 70% or more. 
In the UK, cereals also provide about 10% of dietary fat, 25% of protein and 
50% of available carbohydrates. They also make a si

gn

ificant contribution to 
dietary fibre as non-starch polysaccharides (NSP). They contribute over 40% 
and 30% of iron and folate intakes respectively - especially breakfast cereals 
which contribute 20% and 15% respectively. 



Ysge?nbJzs and frulr 

Tnese includ-e a %vide range of plant families and consist of any edible 
portion of the plant including roots, leaves, stems, buds, fiowers and fruits. 
Some fruits (tomatoes, cuczmbers, marrows and pumpkins) are commonly 
classified as vegetables while the fruits that are sweet are classified as fruits. 
In th.e context of the human diets, root crops are usually classified separately. 
Fruits tend to be high in potassium and low in sodium and are the most 
important source of vitamin C .  Although fruits and vegetables are quite 
low in ~B vitamins generally, green leafy vegetables are a good source 
of folates. Vegetables and fruits are important contributors to the intake of 
dietary fibre. Also, fruits and vegetables are important sources of such non- 
nutrients as the phytoproiectants, carotenoids and anthocyanins (flavonoids 
in berries). 

Roots and tubers 

Roots and tubers are the underground organs of many plants: 

Root crops (eg turnips, beetroots): Most roots have high water content 
and tend to be rich in carbohydrates as free sugars (with small amounts of 
stardl in mature organs). They are generally low in dietary fibre, protein 
and micronutrients. 
Tubers (eg potato): Tubers are not true roots but rather underground 
stems that store large quantities of carbohydrate -usually starch. The 
potato is a stem tuber native to the Andes. All contain large amounts 
of starch and significant amounts of vitamin C and their high levels of 
consumption makes them an important source. 

M e a t  and meat products 

Meat has comprised an important part of the human diet for a large part of 
our history and still is the centrepiece of most meals in developed countries, 
providing about 15% of total energy intakes. In many developing countries, 
non-animal-based sources of protein such as legumes are still dominant. In 
the US and the UK the most important meat sources are pigs, sheep and 
cattle. In the UK poultry (chcken) has now become the most popular meat 
source. Meat products such as sausages, salami and pork pies account for 
almost half of total meat consumption. In developed . countries, meats are 
an important source of protein (contributing about 50% of the UK protein 
intake), total fat (about 209/0 of total fat in the UK diet) and saturated fat in 
the diet. 

Fish 

While fish catches worldwide are on the increase according to FA0 (Food & 
Agriculture Organization of the UN), fish stocks are being depleted due to 
over-fishmg. The main sea-food consumed is white fish, oily fish and sea- 
food invertebrates. Fish are an important source of good quality protein and 
are low in fat (except for the oily fish which provide a very good source 



of long-chain polyunsaturated fa-tty acicls - PUFA). Fish are also a major 
source of iodine :which has been accumulated irgm their environment, Also, 
they may be an important source of calcium (in fish with f ~ , e  bones) and 
vitamin D. 

The most widely consumed eggs in the UK are hens' eggs. Lipids found in 
eggs are rich in phospholipids and cholesterol. The fatty acid profile shows 
a high proportion of polyunsaturated fatty acids to saturated fatty acids (high 
P:S ratio). 

Milk {and other dairy products) 

Cows provide the bulk of all milk consumed in the UK. Milk is an excel- 
lent source of many nutrients. The major protein in milk is casein, while lact- 
albumin and immunoglobulins are responsible for the transfer of maternal 
immunity to the young animal for a short period following birth. Milk from 
ruminant animals, such as the cow, contains a large proportion of short chain 
fatty acids produced from the fermentation of carbohydrates in the rumen. 
Milk and its products provide 10% of total energy intake in the UK, about 
a quarter of the saturated fat intake, and are excellent sources of many inor- 
ganic nutrients especially calcium and certain vitamins (both fat-soluble and 
water-soluble). Other dairy products include cheese, which contains, in a 
concentrated form, many of milk's niitrients, and yoghurt which is prodluced 
from the culturing of a mixture of milk and cream products with the lactic 
acid-producing bacteria, Lactobacillus bulgavictis and Stvepfococcus f h e v m o p h i l ~ ~ s  
and other bacterial cultures (eg Lactobacillz~s acidophilus, 3ificlobacteria). The 
contribution of dairy products to the UK diet (and to that of manv other 
Northern European countries) is very important. They can be an important 
source of calcium and riboflavin, especially in chldren and adolescents. 

Fots and oils 

Fats are solid at room temperature (due to a h g h  relative concentration of 
saturated fatty acids) while oils are liquid and usually of plant origin, either 
from the flesh of the fruit (olive oil) or from the seed (sunflower and linseed). 
They have a higher concentration of unsaturated fatty acids. Lipids that are 
isolated from animal products tend to be solid fats such butter, lard and suet. 
Margarine is made from highly unsaturated fats such as sunflower, whch 
have beneficial effects on serum cholesterol. In many countries, including 
the UK, margarines are required by legislation to be fortified with vitamias A 
and D so that they are nutritionally equivalent to butter. 

Food sources of nutrients and health related non-nutrients 

The importance of specific foods to the nutrient intake of a group in the 
population depends both on the nutrient composition and the frequency 
and level of consumption. In the UK population cereals and cereal products, 



Food Fat Carbohydrate 

Apple 
Runner beans: r a w  
Runner beans: boiled 
Seef 
White bread 
Hard cheese 
Roast chicken 
Baked cod 
Sweetcorn 

Egg 
Haddock, steamed 
Whole milk 
Peas 
Pork 
Potatoes, new boiled 
Rice: white, raw 
Rice: cooked 
Sardines, canned, drained 
White wheat flour 

Doto with permission ?om: ,Food Standards Agency 2002 McCance and Widdawsan's The 

cornpos,tian of foods. 6th summary edn 

including cakes and biscuits, are the important sources of carbohydrate. 
Meat, fish, eggs and dairy products are the main sources of protein and fat, 
whilst fruits and vegetables supply dietary fibre and various vitamins and 
minerals. Table 3.2 summarizes the macronutrient content of selected foods. 

Fruits, vegetables, grains, legumes, nuts and teas are rich sources of phy- 
tonutrients (see chapter 5). Phytonutrients (also called phytoprotectants), 
while not regarded strictly as nutrients, may have certain health benefits. 
They are extremely varied in their chemical composition, the plants in which 
they are fomd  and their putative beneficial effects. There are tens of thou- 
sands of phytonutrients in plants that have not yet been tested for health 
benefits. A diet rich in a variety of plant foods (of different colours) ensures 
a good intake of phytonutrients. Polyphenols are a group of phytonutrients 
present in onion, apple, tea, red wine, red grapes, grape juice, strawberries, 
raspberries, blueberries, cranberries, and certain nuts; they are also known as 
secondary plant metabolites. lMuch of the total antioxidant activity of fruits 
and vegetables is related to their phenolic content. 

Contribution of macronutrients t o  energy needs 

The energy needs of the body are provided by the three macronutrients: carbo- 
hydrate, fat and protein. Alcohol is the other energy source. Carbohydrate 
and fat are the primary fuel sources and for this purpose they can largely be 
used interchangeably. 

Patterns of consumptior. of the macronutrients have changed radically 
from our ancient ancestors where the relative contribution to energy of 



th.,-se macronutriei~ts has been estimatecl as 3-?,0'0 protein, 45% carbohydrate 
and 21% fat, contrasting to that of a typical current Western diet of 15% 
pro~bein, 46% carbohydrate and 39% fat. In the developing countries such 
as in Asia and Africa protein levels are lower (lo%), carbohvdrates higher 
(60-70%) and fats considerably lower (209'0) (Table 3.3). The currently accept- 
able (ie healthy) macronutrient distribution ranges (AMDR) are 10-15% of 
energy from protein, 25-30% of energy from fat and 45-65% of energy from 
carbohydrate. 

KEY POlNTS 

n 
0 3.3 EFFECTS O F  F O O D  PROCESSlMG AND STORAGE 

Types of food processing 

Foods are processed either to improve their palatability and digestibility or 
to extend their lifetime before deterioration reduces sensory or microbial 
quality to a level where they can no longer be consumed. The methods vary 
in the temperatures used and in the contact with w-ater or oil as heat transfer 
media. Other variables that affect the rate of destruction of nutrients are the 
presence of oxygen, light and the pH of the aqueous phase. 

Coolung processes such as roasting, boiling, balung, frying and fermenta- 
tion have been used for thousands of years. Preservation processes such as 
salting or drying in air have also been applied for hundreds of years. Many of 
these methods result in losses of nutrients through leachmg of water soluble 
vitamins or oxidation, especially of vitamin C. Modem industrial processes have 
been developed to maintain or improve flavour, texture, and nutritional or other 
quality aspects. Preservation techniques have been improved so as to increase 
the shelf life of products, whilst maintaining optimal quality. These include pas- 
teurization, canning, refrigeration and freezing, freeze drying, irradiation and 
high pressure processing. The modem methods result in less loss of nutrients. 
Industrial processing techniq~~es are focusing more on producing healthy foods 
without loss of palatability such as foods with lower fat or salt content. 



Energy % Energy 

WlIda~)  
Carbohydrate Protein Fat 

Nor thern  Europe 
Selgium 13.2 38.7 14.3 41.8 
Denmark 10.2 43.5 14.5 37.0 
Finland 9.0 47.7 16.1 33.8 
France 8.6 38.2 17.4 38.9 
Germany 9.6 39.2 15.1 40.7 
Ireland 9.4 47.8 14.8 35.2 
Netherlands 9.7 43.6 15.4 37.5 
Sweden 8.8 46.0 15.0 36.5 
U K 8.6 42.3 14.7 38.4 

Southern Europe 
Greece 7.6 44.0 14.2 40.3 
lraly 8.7 47.5 16.9 32.6 
Portugal 9.7 49.1 18.0 28.5 
Spain 8.9 40.2 19.6 38.0 

/ Africo developed 12.4 66.0 10.4 23.6 1 
- 1 Africa developing I 0  I 72.0 10.0 18.0-1 

/ Asia developed 11.7 58.2 13.3 28.5 1 
/ Asia developing 11.3 66.2 10.3 23.5 1 
Source: Biit ish]ouinol of Nutrit ion 1999 Food-based dietory guidelines - a staged approoch. 

Val 8 I (Suppl 2). Africa & Asia calculated from FA0 Food baionce sheets 2003 

Food additives 

The use of additives in food in the UK is strictly controlled by legislation 
to protect the health of the consumer and to prevent fraud. Additives are 
allowed for specific functions (antioxidant, colour etc) and are restricted to 
those listed in the regulations. 
P~eservatives are substances added to foods to inhibit microbial spoilage. 

Common foods including meats, cheeses, baked goods, fruit juices and soft 
drlnks are likelv to include preservatives. Even if sterile foods are produced 
initially by thermal processing, infection with bacteria, fungi and yeasts can 
occur in these foods, whch  are often not consumed at one sitting, and pre- 
servatives are required to extend the shelf life of the products. Sorbic acid, 
benzoic acid, sulfites, thiabendazole, nitrites and biphenyl are amongst the 
substances approved for use as food preservatives. 
Flavours added to food may be natural components derived from raw 

materials su-ch as spices by physical processes such as extraction or distilla- 
tion. A range of essential oils, including clove oil and orange oil, are widely 
used for flavouring foods. Synthetic flavours are also used. 
Colours. The classes of natural or nature-identical colourings used for food 

include carotenoids, chlorophyll, anthocyanins and betalaines. Besides these, 



some s~/:-ilhei;ic compounds are all3ir-cl for addition to food. hiost concern 
has been expressed about tartrazine. 

Stueeier.eis Since the sugars present are significant contributors to the 
calorific content of imany foods, th.e food industry has developed a range of 
zero-calorie or low-calorie, high-potenc:y mveeteners, including aspartame, 
saccharin, acesulfame K and cyclamates. Sucralose was developed as a non- 
nutritive sweetener in the 1970s as a de~ivative of sucrose with excellent fla- 
vour and stability Sugar alcohols including sorbitol, mannitol and xylitol 
have comparable sweetness and about the same calorific content as sucrose 
but thev are absorbed more slowly horn the digestive tract and do not raise 
postprandial blood sugar and insulin levels and are therefore suitable for 
sweetening diabetic foods. 

Processing aids facilitate food processing by acting as chelating agents, 
enzymes, antifoaming agents, catalysts, solvents, lubricants or propellants. 
They are not consumed as food ingredients by themselves, and are used dur- 
ing food processing. Residues of the processing aids may be present in the 
finished product. It is a legal requiremeni that they do not present any risk to 
human health. 

Twxic components formed by processing 

Processing may lead to losses of nutrients, and may also lead to the for- 
mation of toxic components under certain conditions, such as acuyinmide 
(2-propenamide). This is found in fried and baked goods with highest 
levels in crisps, crisp bread, chps  and fried potatoes and is a probable human 
carcinogen. 

u 
n 
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3.4 FOOD TOXINS AND POLLUTANTS 

Toxins in foods are substances that cause harmful effects when foods are con- 
sumed in typical amounts. Food components may cause toxic effects within 
hours, days or weeks of consumption of the food. They may have mutagenic 
or carcinogenic effects in which an inheritable change in the genetic informa- 
tion of a cell may lead to cancer or other disease states over a period of years. 
Close monitoring of foods by Government agencies helps to prevent chem- 
ical toxins reaching levels at which harmftll effects occur, and pathogenic bac- 
teria are much more common causes of human disease than chemical toxins. 
A few examples follow: 

Natural plant toxins 

Solanine is a glycoallcaloid which commonly occurs at low levels in potatoes 
but may be found at high levels in green potatoes, causing gastric pain fol- 
lowed by nausea, vomiting and respiration difficulties. 

M a r i n e  toxins 

Shellfish such as clams or mussels may feed on dinoflagellate algae, which 
reach high concentrations in red tides that develop in seawater. The algae 



produce a toxirL ti-zr accumulates LC th? fins:? of the shellfish and can cause 
paralytic shelliish ~oisoning, . 

Fungal toxins r i4ycotow~ris) 

Many species of hmgi produce metabolites that are toxic. Aflatoxins occur 
in mouldy grain, soybeans or nuts and are carcinogenic at very low levels 
of intake. The); can be transmitted to humans via animals in meat or eggs. 
Aflatoxin B1 is one of the most potent chemical carcinogens known. The toxins 
remain in the contaminated food even after the mould has been removed or 
has died and are ~ ~ i t e  stable during normal food processing operations. 

Pollutants 

Many pollutants are potentially found in foods but are continually moni- 
tored, The maximum levels of many in plant and animal products are speci- 
fied in regulations to ensure that any residues that occur are unlikely to 
pose a risk to health. These include pesticides,antibiotics, hormones, heavy 
metals, polychlorinated and polybrominated biphenyls (PCBs and PBBs) and 
radioactive fallout. 

Pathogenic agents 

Pathogenic agents are a very common cause of food poisoning. These include 
animal infections transmissible to man (zoonoses) by consumption of meat 
or fish, which can be bacterial, viral, fungal, helminthic and protozoan spe- 
cles; and other contaminants of food, which may cause mfections of man, 
such as Salmonella, Staphylococcus and Clostv idium botulinurn. 

Viral infections 

Viruses have no cellular structure and possess only one type of nucleic acid 
(either RNA or DNA) wrapped in a protein coat. They cannot multiply in 
foods, but food handlers with dirty hands or utensils may allow foods to 
become contaminated. Viruses caR subsequently multiply in the intestinal 
tract by using the host cells for replication. Viral Infections often have kc=- 
bation periods of up - to several weeks compared to several hours for bacterial 
infections. 

Hepatitis A, of the genus Enteroviuus, causes symptoms of anorexia, fever, 
malaise, nausea ~o~mit ing  fo1lo.vved after a few days by symptoms of 
liver damage. Poliomyelitis is another enterovirus that can be transmitted by 
contaminated food such as milk. However, it is now virtually eradicated h 
developed countries. 

Prions 

A prion protein is a small protein molecule that occurs mainly in the brain 
cell membrane. It differs in conformation from most proteins since it occurs 
mainly in a flattered form, whch  is heat and enzyme resistant. Prions are 



believed to be the infectious agent causing humans to develop new variant 
Creutzieldt-Jako'c disease (KID).  Cases of this disease were first reported in 
the earl-ri 1990s. This disease is believed to have developed in humans fol- 

L 

lowing consuimption of meat from cattle affected bv BSE (bovine spongiforrn 
encephalopathy), which is a fatal brain disease that affected large numbers 
of caiiie in the LTK in the 1980s and 1990s, b ~ i t  was reduced after 1993 by the 
removal of meat and bone meal from cattle feed concentrates and by the 
slaughter of large numbers of animals. vCJD presents itself as psychiatric 
disorders including anxiety depression, and withdrawal but it develops over 
a period of months into forgetfulness and memory disturbance. A cerebellar 
syndrome develops with gait and limb ataxia and eventually death. 

Weirninths and nematodes 

Helminths and nematodes are flatworms and roundworms, which develop 
as parasites in humans following consumption of contaminated water or 
food, especially meat or raw salads. Liver flukes and tapeworms are the most 
common helminths. 



Examples sf ua~!aki'cm-rs jn diet  
Comparison a j u'zveiaping with developed cswn-trjas 

Diets in the developing world are very different from those in the rich coun- 
tries, although there is some evidence of convergence between the two. The 
diets of the former tend to be characterized by lower total calorie intake, 
more calories from cereals and roots and tubers, less diversity in terms of 
food groups consumed, less animal source foods (and less fat), less prc- 
cessed food and less food eaten away from hone. Many of these differences 
are explained by socioeconomic factors, but there is considerable variation in 
consumption patterns even accounting for such factors. 

Yoriation within rhe UK 

There is considerable variation between regions with the lowest and highest 
levels of consumption of particular foods. For example the highest consump- 
tion of fruit is in London and the lowest in Scotland, whereas the highest 
consumption of meat products, bread, confectionery and sugar and pre- 
serves is in Wales and the lowest in London. The low levels of vegetable and 
fruit consumption recorded in Scotland are the result of a number of histori- 
cal and economic factors, but t h s  observation is clearly linked to the current 
high levels of cardiovascular disease. 

A number of important variations are also evident in relation to income. 
Low income households consume less than the all-household average 
amounts of fresh fruits and fresh vegetables (excluding potatoes) and less 
skimmed milk, cheese, fish, fruit juices, breakfast cereals, alcoholic drinks 
and confectionery They consume more liquid whole milk, eggs, fats and oils, 
sugar and preserves, fresh potatoes, frozen and canned vegetables, bread 
and beverages than the average for all households. 

Vegetarianism a s  an example of variation between individuals 

Because of the popularity of vegetarianism in the UK, this variation is 
described more h l lv  here. It can be defined as avoiding the consump- 
tion of meat or flesh food. The commonplace use of the term vegetarian is 
to describe someone who does not eat animal flesh (meat, poultry, fish) but 
who iiicludes eggs and dairy products in their diet. The terms ovo-vegetauian, 
lncto-vegetarian and ovo-lacto-vegetnvinlz describe subjects who consume eggs, 
milk or both respectively. The term vegan is used to describe subjects who 
consume no food of animal origin. Veganism is a way of life that avoids 
the exploitation of animals. Besides avoiding food of animal origin, vegans 
will not use products that have been derived from animals, such as leather, 
wool and vaccines. Fruitarianism is an extreme form of veganism where 
dietary intake is restricted to raw fruits, nuts and berries, a practice which 
has resulted in severe malnutrition in children. Macrobiotic diets consist of 
relatively large amounts of brown rice, accompanied by smaller amounts of 
fruits, vegetables and pulses. 
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IPLe risk of nutrient deficiency is greatest iil childhood as req~lirements 

relative to body weight are grzaier and chilclren are unabls to exert the same 
degree of control over what they eat compared with adults, There have been 
several reports of severe protein-energy malnutrition as well as deficiencies 
of iron, vitamins BIZ and D in infants and toddlers fed inappropriate ve, uetar- 
ian diets. Older children are less susceptible to the dietary strictures imposed 
by their parents as they are able to forage for food at home independently. 
However, children can be brought up healthily on both vegan and vegetar- 
ian diets with sufficient care. The health and diet of adult Western vegetar- 
ian groups generally appears to be good, and certain aspects of a vegan diet, 
notably the low saturated fat and high dietary fibre content, may offer certain 
advantages to the health of adults. 

People follow vegetarian diets for religous, health and ehca l  reasons. 
Vegetarianism is widely practised by Hindus, Buddhsts, Seventh Day 
Adventists, Jains and Rastafarians. The leading reason currently given in the UK 
for following a vegetarian diet is the belief that the diet is healther, reinforced by 
a series of food scares related to the intensive production of poultry, meat and 
fish. Other reasons are that it is wrong and cruel to eat animals. Some also argue 
that it is better for the environment to depend upon plant foods for our nutri- 
tional needs because it takes less land to feed a family on food of plant origin. 
The popularity of vegetarian diets has increased over the last few decades and 
most international airlines and restaurants now offer vegetarian options. Most 
of the dietary and nutritional studies of vegans and vegetarians have been car- 
ried out on members of the Vegan and Vegetarian Societies and the Seventh Day 
Adventists Church and they may not be huly representative of all ve, oetarians. 

Dietary diversity is important in maintaining the adequacy of a vegetar- 
ian diet as the nutrient density of plant foods is often lower than those of 
meat, fish, eggs and milk. In practice, there are surprisingly few q~~alitative 
differences in the intake of proximate nutrients between vegetarians/vegans 
compared with omnivores in developed countries (Table 3.4). Energy intakes 
appear to be similar to non-vegetarians although some reports, which have 
estimated energy intake by food frequency questionnaire, suggest that 
energy intakes are lower among vegan and vegetarians. 

Protein intakes are slightly lower in vegetarians than in omnivores, typ- 
ically supplying about 12% of the energy intake as opposed to 15% in omni- 
vores but these intakes support nitrogen balance and the protein q~~a l i ty  of 
vegetarian diets differs little from that of diets containing meat, as the con- 
stituent amino acids 
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the different plant proteins mutually complement 
each other. The intake of complex carbohydrates and dietary fibre is gener- 
ally high in vegan/vegetarim diets owing to their higher consumption of 
cereals compared with omnivores. Sugar intakes on the other hand are simi- 
lar. The proportion of energy derived from fat is only slightly lower in vege- 
tarians/vegans than i7 omnivores and is typically in the region of 30-3756 of 
the dietary energy. Saturated fatty acid intakes are slightly lower in vegetar- 
ians but markedly lower in vegans. Cholesterol is virtually absent from plant 
foods, which also provide small amounts of phytosterols (-O.Sg/day) that 
inhibit the reabsorption of cholesterol from the intestinal tract. 

Meat and fish provide several nutrients that are scarce or absent from 
common foods of plant origin and these include iodine, taurine, vitamin BIZ, 



- energy % enerTf 

t W i d a ~ )  
Protein Carbohydrate Sugar Fat Fibre (dd) 

European men (UK) 
Omnivores  10 3 144  42 19 38 26 
Vegetar~ans 9 4 I2 48 2 1 3 7 34 
Vegans 9 2 I 1  7 50 2 i 34 44 

European women {UK) 
O m n ~ v o r e s  7 28 IS 5 43 20 38 20 

aetarlans ve, 7 67 12 6 46 37 3 3 
Vegzns 7 3 5  10 8 5 3 2 1 34 3 6 

South Asian [UK! 
Men 9.3 12.6 47 38 23 
W o m e n  6.1 11.7 54 15 3 7 16 

Doto derived from. Dioper er oi 1993. M~i ier  et 01 i 988. Reddy & Sanders 1992 

vitamin D and long-chain polyunsaturated fatty acids. Eggs, dairy food 
and rice are poor sources of iron and the availability of iron from foods of 
plant origin is low compared with that from meat. Good sources of iron for 
vegetarians include wheat, pulses, dark green vegetables (especially low 
oxalate varieties), fortified cereals, dried fruit and iron cookmg equipment. - - .  

Vegetarians are more prone to iron deficiency than meat eaters. Haemoglobin 
concentrations are generally normal in vegans and vegetarians but serum 
ferritin concentrations are low (<12p,g/L). 

Vitamin B,, deficiency has been reported in both vegans and vegetarians, 
presenting with neurological signs of deficiency because their high intake of 
folate masks the megaloblastic anaemia of vitamin BIZ deficiency Elevated 
plasma total homocysteine concentration has been reported in a high propor- 
tion of vegan men and in a smaller proportion of vegetarian men, which may 
increase the risk of cardiovascular disease. Dietary vitamin BI2 deficiency 
in an asymptomatic mother can also result in severe neurological signs 
of deficiency in the offspring. Vegans and vegetarians who only consume 
small amounts of dairy products and eggs need to be vigilant regarding 
their intake of vitamin BIZ. There are a variety of B,, fortified foods avail- 
able including soya milks, textured vegetable protein, margarine and yeast 
extracts, but some vegans are reluctant to use these products as they regard 
them as unnatural. 

Docosahexaenoic acid (225 n-3; DHA) is believed to play an important 
role in the development of the retina and the central nervous system. Vegan 
diets are devoid of DHA and the levels of DHA in blood, arterial and breast 
milk lipids are approximately only one-third of the level of those found in 
omnivores. Products acceptable to vegans, fortified with an algal source of 
DHA, are now available. 

Vegetarians who consume milk and cheese regularly- have relatively 
high intakes of calcium but vegans tend to have low intakes of caicium and 
absorption of calcium is inhibited by phytic acid in legumes and unrefined 
cereals. A h g h  prevalence of rickets has been noted in children reared on 



rn~crobioiic diets but not among the white vegetarian population, Vitamin D 
acceptable to vegetarians can be provided as ergocalciferol in fortified foods 

Omenis. and suppl- 
Several studies report shorter pregnancies and lower birth weights in 

vegetarians. Accord

in

g to the fetal origins hypothesis a lower birth weight 
and head circumference may increase risk the of developing diabetes and 
cardiovascular disease in later life. Children will grow and develop quite 
normally on a diet consisting of plenty of bread and vegetables with min- 
imal amounts of milk and meat. Lower rates of growth particularly in the 
first five years of life have been reported in children reared on vegan and 
macrobiotic diets because the energy density of some plant foods is very 
low and some vegetarian diets may be so bulky that they restrict the energy 
intake of yo~mg children, but catch-up growth occurs by the age of about 
10 years. The significance of slightly slower rates of growth is debatable, but - - .  - 
a small fraction of vegan children do show evidence of impaired growth. It 
needs to be more widely recognized that severe nutritional deficiencies do 
occur in children reared on inappropriate vegetarian and vegan diets. 

In summary, the health of Western vegetarian groups is generally good. 
Serum cholesterol is 20% lower in vegans than in omnivores with intermedi- 
ate values in vegetarians. Blood pressure is lower in vegetarians, attributed 
to a higher consumption of potassium from fruit and vegetables. Vegetarians 
and vegans are lighter in weight and have lower age-standardized mortal- 
ity rates compared with the general population but a large proportion of this 
variability can be accounted for by lifestyle factors other than diet, such as 
smoking and alcohol use. The death rate for ischaemic heart disease is sig- 
nificantly lower in vegetarians but cancer incidence is similar between vege- 
tarians and omnivores when other lifestyle factors such as smoking and 
alcohol intake are taken into account. In contrast, elevated homocysteine has 
been found in vegetarians and vegans, which may increase the risk of cardio- 
vascular disease. 

3.6 FACTORS IN DIETARY VARIATIONS 

Of all the animal and plant species that could be safely consumed, humans 
choose from a relatively narrow range of species. Those which may be con- 
sidered a delicacy by some groups are rejected as inedible by others. An 
individual's food choice at any given time will be influenced by what they 
consider to be 'food', whether it is available (either physically accessible or 
affordable) and appropriate according to a variety of sociocultural factors, 
ideas, beliefs and attitudes as well as psychological factors and their level of 
hunger or satiety. The main factors in dietary variation for developed and 
developing countries are shown in Figure 3.1. 

Biological and physiological factors 

Age, gender, pregnancy, lactation and activity patterns all affect nutritional 
requirements, but humans are often unable to perceive their specific needs 
and respond appropriately. If the consumption of a particular food is not 
pleasant this will limit the amount of that food which is eaten. This innate 



Figure 3.1 The main factors determining dietary variarion. 

mechanism (sensory specific satiety) ensures that humans eat a varied diet 
and are therefore more likely to meet their requirements for all nutrients but 
is more problematic when surrounded by a huge variety of different, highly 
palatable, food items (see chapter 2). 

Economic factors 

The availability of food is influenced by (a) geography, season and factors 
such as food preservation and distribution systems which affect physical 
availability and (b) the ability of the individual to acquire what is available. 
As income levels increase, families spend more on food, although as a pro- 
portion of overall expenditures food is likely to decline in importance (called 
Engels' Law). This occurs within a fairly narrow range in an industrialized 
country, such as the UK, where the range is from 15% to 29% of reported 
expenditure between low income and high income households. However 
in developing countries the differences may be far more dramatic. The cost 
of utilities - fuel, water, clothing, transport, rent - also affects food choices. 
The budgets of low income households leave very little room for man- 
oeuvre and often food is the most flexible element of expenditure. Income has 
a marked influence on the type of foods eaten. Internationally, as income 
levels rise people rely less on cereals and roots/tubers and purchase more 
animal source foods, fruits and vegetables. Food prices affect food consump- 
tion and diets, and paid employment may cause men and women to work 



outside the home wit?! less food prepared at home and more food consumed 
away from home, affecting the types of food which are eaten. 

Cultural and religious factors 

Eating practices, in terms of food types and food preparation, presentation 
and serving, is strongly influenced by culture and religion. Food appropriate 
for one occasion or a particular gender or age group, may not be appropriate 
for others. Food has many important social uses which vary from society to 
society and over time, and include: 

Cornmunicotion 

An invitation to share food or drink, in a range of different settings, is widely . 
used to initiate and maintain personal relationships. 

Identity 

The saying 'Tell me what you eat, and I will tell you who you are' is attrib- 
uted to Brillat-Savarin and encapsulates this phenomenon. The existence 
of clearly defined 'food rules' may play an important role in reinforcing 
'in-group' identity, with considerable importance in the context of religion. 

Ethics and religion 

As food must be eaten every day it serves as a constant reminder of what we 
believe. In recent years vegetarianism and veganism have become increas- 
ingly popular in the UK (see above) and for many people this choice is based 
on ethical concerns about the exploitation of farm animals. Religious food 
rules not only enhance the spiritual life of the individual but also enhance 
allegiance to a community of believers. 

To prevent and t reat  illness 

Popular beliefs about the links between diet, health and disease are shaped by 
their cultural context and consequently vary in different parts of the world. 
Ideas vary geograplucally, and also change over time. Despite an enormous 
growth in the understanding of physiology and the origins of disease, popu- 
lar advice in the early 19th century in England was still based on the dietetic 
works of Hippocrates and ideas about the effects of diet on humoral balance 
attributed to Galen and Avicema. The concept of 'balance' as a key to health 
is central to these and in relation to diet focus particularly on the 'heating' 
and 'cooling' effects attributed to foods, regardless of the actual temperature 
of the food when eaten. Some conditions and diseases are associated with an 
excess of 'cold' or 'heat' and treatment includes foods with the opposite char- 
acteristic to restore health. These ideas about the heating and cooling effects 
of foods are found in the classical health systems of the Indian sub-continent 
(Ayurvedic-Hindu and Unani-Islamic medicine) as well as in traditional 
Chinese medicine, and are still widely practised in these communities. 



Personal factors, ji-tcluding emotions, personabbi, self-esteem and self-efficacv, 
as well as beliefs and attiiudes play an important role in shaping eating habits, 

Food becomes associated with emotion from the very start of life, when 
feeding provides a pleasurable experience of comfort, security and weil- 
being, as well as satiety. Throughout childhood, humans learn to associate 
particular foods with feelings related to the circumstances in whch  they 
were eaten. Thus feelings of pleasure may be associated with foods given as 
a reward, or eaten on special occasions with much-loved people whlst nega- 
tive feelings may be felt with foods used as a punishment or which had to be 
eaten because of financial hardship. A response to stress, loneliness and anx- 
i e t ~  may be to choose particular foods that provide comfort through positive 
associations. The hoarding of food for securit-y is often seen as a response to 
past experiences of food insecurity. Food also provides a useful vehicle for 
demonstrating emotions such as anger and protest and may elicit very power- 
f~11 feelings in the bystanders. The refusal to eat is a particularly powerful 
weapon, whether that is in the context of a child refusing to eat because they 
are angry or attention-seeking or a politically motivated hunger striker. 

A t t i t u d e  and belief factors 

Health beliefs that underpin eating behaviour have focused on three particu- 
lar aspects: 

Perceptions of risk 

People find it very difficult to assess the relative risk of different diet-related 
health threats, particularly in the face of frequent 'food scares'. These risk 
perceptions are powerful drivers of food choice and are influenced by trust 
in government, the food industry and scientists, and also by the accuracy of 
the information contained in food labels and in media reporting. 

Perceptions of effectiveness of dietary advice 

Coverage of nutritional topics in the popular media is frequently adversarial, 
where a topic is debated by two 'experts' with opposing views which can con- 
fuse people. Dietary advice may change as scientific understanding unfolds. 

Belief that benefits outweigh the costs 

Perceptions of the behaviour that is considered to be the 'norm' in an indi- 
vidual's particular social group and the extent to which they feel bound to 
comply with that 'norm' or to go against that norm, may be important deter- 
minants of food choice. 

Educational factors 

People who have more knowledge about nutrition tend to have better 
diets. However just giving people more information about food and health 



does not necessarily result LII a change to healthier eating habits. The prac- 
tical difficulties of implemer,iing change (access to affordable, healthy food) 
and the social barriers to changing eating pa~iterns (lack of support from 
family, friends and neighbours) will result in apparently insurmountable dif- 
ficulties when the benefits of making changes are weighed up against the 
costs. 

Food factors (taste and appearance) 

People are generally cautious when encountering foods for the first time 
(neophobic) and repeated exposure and consumption of a range of different 
foods in early chldhood plays an important part in e~tablislur~g a varied diet 
in later life. A range of senses (vision, smell, hearing etc) contribute to our 
perception of the appearance, texture and flavour of foods. Whether or not 
we like them depends on our expectations of how that food should be, our 
memories of past experiences, and the context in which the food is served. 
Finally our level of hunger will determine whether we accept and consume 
the food item. 

There are four basic taste qualities - salty, sweet, sour, bitter - and 
the experience of taste is also Influenced by the smell of food. Infants have 
an innate preference for sweet tastes, whilst a preference for salty foods 
does not appear until later in the first year of life and is more susceptible 
to modification by experience. Ageing is often associated with marked losses 
in sensitivity to taste which can contribute to a decline in the enjoyment of 
food by older people. Perception of texture also makes a major contribu- 
tion to the overall acceptability of the food. Socially and culturally learned 
expectations play a role in evaluating texture. Awareness of the sensory 
attributes of food which appeal to consumers is of major importance to food 
manufacturers. 

Extrinsic factors 

Advertising is a very powerful influence on food choice, especially for highly 
processed and packaged foods. Some groups of the population may be much 
more susceptible to tlus influence and there has been particular concern 
about the impact on children. Advertising also contributes to the creation of 
social norms, projecting images about what 'people do' and offering images 
of people with whom the audience might want to identify. The types-of fodds 
that are advertised are often high in fat and simple sugars and the emphasls 
on the promotion of these types of foods in contrast to the low level of mar- 
keting of fruit and vegetables is also considered to have a distorting effect on 
food habits. 

Seasonality 

In parts of the world where food marketing is not well developed, local avail- 
ability is a key determinant of food consumption. In rich countries, there are 
fewer and fewer seasonal food items as foods are sourced from all corners of 
the globe. 



3.7 CHAMC3NG DIETARY PAnERNS 
---. --- 
Globally diets are changing due to population movements, food trade and 
emplolrment patterns. The large scale rural-urbai? and international migra- 
tion seen around the world in the second half of the 20th century has been 
accompanied by major changes in eating habits as people have adapted to 
their new environments. Access to familiar foods, economic factors and 
food preparation facilities contribute to changes in both the eating habits 
of international migrants and of the host community. The strength of indi- 
vidual factors may affect their resistance to change. The dietary changes 
that are made first usually involve the adoption of foods that are con- 
venient, affordable and do not clash with religious or cultural beliefs. Also 
the more widespread employment of women and increased affluence have 
led to increased demand for and production of pre-prepared convenience 
foods. 

Over the past 50 years global food supply systems have been transformed, 
through changes in agriculture, food technology and transport. Throughout 
history foods have 'migrated' and been incorporated into the diets of people 
thousands of miles away - the tomato and potato, originally from America, 
transformed the cuisines of Europe. These dietary changes have sometimes 
had huge social consequences, as in the case of sugar and the slave trade 
or the development of the Irish dependence on the potato and subsequent 
impact of the potato famine. What is different about the changes in the past 
50 years is the pace and scale of change. A relatively small number of com- 
panies now dominate the world food markets, affecting every aspect of the 
route from farm to consumer. Supermarkets place contracts with distant sup- 
pliers to enable previously seasonal foods to be available all year round. The 
UK's food manufacturing sector is also highly concentrated. In 1995, three 
companies (Unilever, Cadbury Schweppes and Associated British Foods) 
dominated UK food manufacturing, and half the world's top 100 food sec- 
tor companies are US owned. It has been suggested that sophsticated sys- 
tems of contracts and specifications and tight managerial control enable the 
retailer rather than the primary food producer or consumer to control the 
entire supply chain. Selection of foods whch  are acceptable to an individual 
increasingly takes place in a context where availability is substantially influ- 
enced by the food industry and food retailers. 

Examples of variation in diets over time 
The UK 

World War I1 and its aftermath had a sigruficant effect on the UK diet. While 
many foods such as fruits and meat were restricted, others such as foods rich 
in starch including potatoes and wholemeal brown bread (known as national 
bread) were increased. From 1954, consumers were able to return to their pre- 
war diets, hgher  in butter, sugar, fresh meat and white bread. The 50-year 
trend shows a marked decline in total bread consumption. Recent changes in 
the pattern of milk products in the UK include a substantial demand for low- 
fat and skimmed milk, and butter has largely been replaced by margarines 
and low-fat spreads and vegetable oils since the early 1980s. There has been 



a huge rise in the consumption of chiciten over the last 59 years in the UX 
and it has become the most common form of dietary protein. Overall, fish, 
fruit and vegetable consv~mption have not changed appreciably in the last 
50 years in the UK, There has been a decline in intakes of brassica vegetables 
including cabbage, cauliflower and Brussels sprouts as well as the traditional 
root vegetables, while there has been an increase in salad vegetables and 
frozen vegetables. 

Novel foods 

'Novel foods' are foods or food ingredients that do not have a significant his- 
tory of consumption in the European Union before 1997. Most of these foods 
are now known as genetically modified or GM foods. These are crop plants 
such as corn, canola, potatoes, and soybean that have been genetically modi- 
fied to improve characteristics such as crop yield, hardiness and uniformity, 
insect and virus resistance, and herbicide tolerance. 

An example of this is a corn plant with a gene that makes it resistant to 
insect attack. With t h s  technology it is possible to speed up the breeding of 
new improved crop varieties, with characteristics such as drought resistance, 
increased shelf life and hgher nutrient content, and to introduce completely 
new genetic information, for example from bacteria or animals into plants. 
Despite the potential of this technology lack of trust in government sources 
with respect to information on food safety has resulted in the slower adop- 
tion of GM foods in Europe compared with the US. 

Other novel foods include 'functional foods'. A functional food is one 
claiming to have additional benefits other than nutritional value, for exam- 
ple a margarine that contains a cholesterol-lowering ingredient. A functional 
food may be a food in which one of the components has been naturally 
enhanced through special growing conditions; to which a component has 
been added to provide benefits; from which a component has been removed 
so that the food has less adverse health effects (eg the reduction of saturated 
fatty acids); in which the nature of one or more components has been chemi- 
cally modified to improve health (eg the hydrolysed protein in infant formu- 
las to reduce the likelihood of allergenicity); or in which the bioavailability 
of one or more components has been increased to provide greater absorption 
of a beneficial component. 
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CHAPTER 4 

Main Dietary Components 

By the end of this chapter you should be able to: 

describe structure and associated functions of carbohydrates, fa:s 
and protein 
summarize the main features of aerobic and anaerobic 
metabolism of carbohydrate, fat and protein 
explain the regulation of metabolism of these major dietary 
components 
explain mechanisms for integration of fat, carbohydrate and 
protein metabolism, and response to specific dietary circumstances 
explain the glycaemic index in the context of health, with 
reference to specific foods 
discuss the health effects of dietary fibre 
explain what is meant by nitrogen balance 

* describe methods for determining protein requirements - describe what is meant by water balance, how this is usually 
maintained and the effects of imbalance 

. . .  
: .  ' r  

4.1 INTRODUCTION . ... . .  ... .. . . <  . .  . 
. 2 . .:, .. 

The human body has a remarkable ability to adapt to different dietary cir- 
cumstances. This is because there are biochemical mechanisms in place to 
ensure that flux through particular metabolic pathways is the most appropri- 
ate for the circumstances at the time. Thus, following a meal there is likely 
to be a drive towards the storage of fuel, as carbohydrate or as fat, whilst 
during the overnight fast or during the period between meals tb.e body can 
mobilize these stores to ensure that all cells receive the fuel they need for 
normal cellular function. For these processes to occur efficiently there needs 
to be communication between metabolic pathways occurring in different 
organs but also interaction between different pathways of metabolism of the 
major macronutrients. For convenience this chapter examines carbohydrate, 
fat and protein separately, but the reader should always bear in mind that 



these path~~vays have common intermeciiat:~ and there is considerable inter- 
action bet~ween the various pathways, 

4.2 CARBOHYDRATE ANE ITS METABOLISM 

In Western diet carbohydrate contributes about 40% to energy intake, com- 
pared with 75% or more in developing countries. Carbohydrate can be clas- 
sified according to the length of the constituent polysaccharide chain. 
Monosaccharides are single sugar units; they exist in one of two chemical 
forms: aldoses, whch contain an aldehyde group, as in glucose and galactose; 
and ketoses, containing a ketone group, as in fructose (Fig 4.1). Monosaccharides 
can form chemical bonds with one another, to form disaccharides. Sucrose, 
whch is commonly known as table sugar, consists of glucose bound to fruc- 
tose; lactose, which is found in milk, consists of glucose bound to galactose, 
and maltose, whch is fo~md in sprouting grain, consists of two glucose units. 
The term oligosaccharide can be used for sugars with 3-9 monosaccharide 
units, and t h s  group includes maltodextrins and fructo-oligosaccharides. 
Polysaccharides consist of more than 9 monosaccharide units joined together. 
This group of sugars includes starch and non-starch polysaccharides. 

Starch is a mixture of bvo polymers, amylose and amylopectin, and is 
found in foods of plant origin including potatoes and bread. Non-starch 
polysaccharides include cellulose and pectins, neither of which is digestible 
by humans. Monosaccharides, disaccharides and maltodextrins are readily 
digestible in the small intestine and referred io as 'digestible'. Non-starch 
polvsaccharides are 'indigestible' or 'unavailable' and pass to the large 
intestine, providing substrate for the colonic microflora; this group of carbo- 
hydrates is also referred to as dietary fibre. There are three classes of carbo- 
hydrate in dietary fibre: non-starch polysaccharide (NSP), resistant starch 
(RS) and resistant oligosaccharides (ROS). The main constituent is NSP, 
which is found in plant cell walls. Resistant oligosaccharides include poly- 
mers of fructose and galacto-oligosaccharides from legumes. 

Dietary carbohydrate can also be classified by the glycaemic index (GI), 
which is a measure of the extent to whch blood glucose concentration is raised 
compared with an equivalent amount of a reference carbohydrate (glucose or 

Figure 4.1 Common sugar structures 



d u t e  bread), ~Carbohiidraie rlviLih a high GI generdy provokes a highzr secm- 
tion of insulin than carbohydrate with a low glycaemic index, The main gly- 
caemic carbohydrates are glucose, fructose, sucrose, lactose and starch. Foods 
>vie1 a low GI generally have a lugh RS content, but some foods, such as bread 
and cornflakes, have quite a high GI despite having a h g h  RS content. 

Glycaemic carbohydrates function primarily as an energy source because 
in the fed state most tissues use glucose as their main metabolic fuel. h addi- 
tion, liver and m~~sc le  synthesize the polysaccharide glycogen as a storage 
form of carbohydrate. Carbohydrate in excess of requirements for immediate 
metabolism or synthesis of glycogen can be used in the synthesis of fatty acids 
and triacylglycerol. Carbohydrate also contributes to the synthesis of non- 
essential amino acids. The metabolism of glucose is a source of pentoses, which 
are essential components of the nucleic acids RNA and DNA, and of glucuronic 
acid, which is required for the conjugation of bile salts. carbohydrate can form 
complex molecules with fat or protein to form glycolipids, amino sugars such 
as glucosamine, and glycoproteins such as albumin and collagen. 

T h e  metaboiism of giycaernic carbohydrates 

Figure 4.2 gives an overview of carbohydrate metabolism integrated with fat 
metabolism. The first stage is glycolvsis, which is the anaerobic oxidation of 
glucose to pyruvic acid (pyruvate), and takes place in the cytoplasm of all 

Glucose -- 

Figure 4.2 Main routes of metabolism of carbohydrate and fat following a meal. Following a 
meal containing carbohydrate, fat and protein there is a drive to store fuel for later use. Glycogen is 
stored in liver and musc!e whilst fat is stored mainly in adipose tissue, as triacylglyceroi (TAG). There 
will be net protein synthesis. 



cells. Glycolysis yields a veq7 rnoclest mo'm:t of energy but because it can  occur 
in the absence of oxygen it is i ~ ~ p o r t a n t  . in muscle during irrkense exercise, 
Pyruvate formed from glycolysis can be oxidized fu~ ther  by crossing into the 
mitochondria for entry into the tricarboxylic acid {TCA) cycle, -which gener- 
ates much more energy than glycolysis. The glycolytic pathway also provides 
a route for the metabolism of fructose, galactose and glycerol. The meta- 
bolism of galactose and fructose occurs in the intestinal mucosa and liver, so 
little fructose or galactose reaches the peripheral circulation. In cells lacking 
mitochondria, such as red blood cells, or when conditions in a cell become 
anaerobic (such as in an intensely active muscle), pyruvate is reduced to lac- 
tate, which leaves the cell and goes to the liver where it can be reconverted to 
pyruvate. The pentose phosphate pathway (also known as the hexose mono- 
phosphate shunt) is an alternative cytoplasmic pathway for the anaerobic 
oxidation of glucose. This is important because it yields useful products such 
as pentoses for RNA and DNA synthesis, and the reduced form of the impor- 
tant compound nicotinamide adenine dinucleotide phosphate (NADPH)! 
which is essential for fatty acid synthesis. 

The metabolic fate of pyruvate is determined by metabolic circumstances 
at the time. It may be reduced to form lactate under anaerobic conditions 
(described above), oxidized completely via h e  TCA cycle and the electron 
transport chain, used as a substrate for glucose synthesis or used as a sub- 
strate for fatty acid synthesis. Pyruvate thus fulfils an important role in the 
integration of the metabolism of fat, carbohydrate and protein. For pyru- 
vate to undergo complete oxidation it passes into the mitochondria where 
it is initially converted to the compound acetyl CoA in a reaction dependent 
upon vitamins B, (thiamin), B2 (riboflavin), and niacin, which act as cofac- 
tors. Acetyl CoA then enters the TCA cycle, which involves a series of reac- 
tions leading to the production of energy. Irnportantl~~, as the TCA cycle is an 
oxidative process it also yields reducing power as the reduced form of the 
nucleotides nicotinamide adenine dinucleotide (NAD) and flavin adenine 
dinucleotide (FAD). These molecules are central to the processes of energy 
generation from the oxidation of fuel molecules, and to the synthesis of com- 
plex molecules from simple precursors. The reduced NAD and FAD enter the 
electron transport chain, which involves the successive reduction and oxida- 
tion of intermediates, with the overall ~roduction of substantial amounts of 
energy through a process of oxidative ph~sphorylation. Thus, the complete 
oxidation of glucose, fructose or galactose yields energy and important inter- 
mediates that link carbohydrate metabolism with fat and protein metabolism. 

Gbcogen as a carbohydrate store 

Glycogen is a branched polymer of glucose. In the fed state, glycogen is syn- 
thesized from glucose in both liver (50-150 g) and muscle (350400g), through 
the stepwise addition of glucose to an existing glycogen molecule. The 
branched structure of glycogen means that it binds a lot of water w i t h  the 
molecule. In the early stages of food restriction, such as during an overnight 
fast, or between meals, the body uses glycogen as a fuel source (Fig 4.3), and 
there is an associated excretion of this bound water. This leads to an initial 
high rate of weight loss but it cannot be sustained because once glycogen has 
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Figure 4.3 Main routes of metabolism in the period between meals and during an overnight fast. 
In the absence of fuel from the gut the body mobilizes i t s  fuel stores. There is net breakdown of 
glycogen in liver and muscle and of triacylglycerol F A G )  in adipose tissue. Amino acids from protein 
turnover will be directed towards glucose synthesis in liver and the renal medulla. 

been depleted the rapid loss of water (and weight) will cease. In the fasting 
state, glycogen is broken down in the muscle and the liver. In the liver this 
process leads to the formation of glucose, which can be exported to other 
tissues. In contrast the muscle is unable to carry out the final step in the 
breakdown of glycogen to glucose, meaning that muscle is unable to export 
glucose for use by other tissues but can use the phosphorylated glucose it 
generates in glycolysis. 

Giuconeogenesis 

Cells in the liver and kidney medulla are able to synthesize glucose in a 
process called gluconeogenesis. This becomes particularly important dur- 
ing times of fasting or on very low carbohydrate diets. This process is 
largely a reversal of glycolysis except for three irreversible steps in glyco- 
lysis, for which alternative reactions occur. Many of the products of amino 
acid metabolism can be used for gluconeogenesis, since they are sources of 
pyruvate or intermediates in the tricarboxylic acid cycle. Substrates that give 



rise to acetyl CoA directly (alcohol, fatty acids, ketone bodies and ketogenic - - 

amino acids) cannot be substrates for gluconeogenesis, but glycerol, which 
is produced from th.e hydrolysis of triac:rlglycerol in the fasting state, 
can (Fig 4 3 ) .  

The control of carbohydrate metabolism 

Energy expenditure is relatively constant throughout the day, but in humans 
most of the daily food intake typically occurs in two or three meals. There is 
therefore a need for metabolic regulation to ensure that there is a reasonably 
constant supply of metabolic fuel to tissues, regardless of the variation in 
intake. There is a particular need to regulate carbohydrate metabolism since 
the nervous system is largely reliant on glucose as its metabolic fuel, and red 
blood cells and the kidney cortex are entirely so. The plasma concentration 
of glucose is maintained in short-term fasting by the mobilization of liver 
glycogen, and by releasing free fatty acids from adipose tissue. Should the 
fasting state extend beyond about 12 hours gluconeogenesis becomes very 
important. 

Hormonal control of carbohydrate rnetobolism in the fed state 

Carbohydrate metabolism is regulated by the co-ordinated action of hormones, 
enzymes and metabolic intermediates, and in a healthy person the con- 
centration of glucose in the peripheral circulation is maintained at about 
4-6 mmol/L. 

During the 3-4 hours after a meal glucose, galactose and fructose will 
enter the portal blood following carbohydrate digestion and amino acids 
will enter the portal blood following protein digestion. Under these con- 
ditions glucose is the main fuel for tissues. The increased concentration of 
glucose and amino acids in the portal blood stimulates the (3-cells of the pan- 
creas to secrete the hormone insulin, and suppresses the secretion of the hor- 
mone glucagon by the a-cells of the pancreas. Insulin has four main actions: 

* increased uptake of glucose into muscle and adipose tissue 
stimulation of the synthesis of glycogen from glucose in both liver and 
muscle 
stimulation of fatty acid synthesis in adipose tissue 

* stimulation of amino acid uptake into tissues, leading to an increased rate 
of protein synthesis. 

Hormonal control of carbohydrate metabolism in the fasting state 

In the fasting state (sometimes known as the post-absorptive state, since it 
begins about 4-5 hours after a meal, when the products of digestion have been 
absorbed) metabolic fuels enter the circulation from the reserves of glycogen, 
triacylglycerol and protein laid down in the fed state. The metabolic problem 
in the fasting state is that the brain is largely dependent on glucose as its met- 
abolic fuel, and red blood cells cannot utilize any metabolic fuel other than 



glucose. As the concentration of glucose and a.mho acids in the portal blood 
falls, so the s*cretion of insulin by the pancreas decreases and the secretion of 
~lucagon increases. Glucagon has h,vo maim actions: 0 

stirnulatior, of the breakdown of liver glycogen 
* stimulation of the synthesis of glucose from amino acids in liver and 

kidney. 

At the same time, the reduced secretion of insulin results in: 

a reduced rate oi glucose uptake into muscle and adipose tissue 
* a reduced rate of prote

in 

synfnesis, so that the amino acids arising from 
protein catabolism are available for glucorLeog2nesis 
relief of the inhibition of lipid breakdown in adipose tissue, leading to 
release of free (non-esterified) fatty acids into the circulation. 

The net effect is an increase in the provision of glucose for the brain and RBCs 
and an increased availability of fatty acids for oxidation by other tissues. 

Dietary fructose metabolism 

High intakes of fructose cause increased plasma concentrations of triacyl- 
glycerol. This is because fructose metabolism in the liver bypasses phospho- 
fructokinase, which is the major control point for glycolysis, so that more 
fructose enters the pathway than is required for energy-yielding metabolism. 
The resultant acetyl CoAis used for synthesizing lipid. 

Functions and metabolism of non-digestibie carbohydrates 
(dietary fibre) 

Carbohydrates that are not digested in the small intestine are subject to 
anaerobic fermentation by the colonic microflora. Fermentation products, 
mainly short-chain fatty acids, are now known to play an important role in 
colon health. Short-chain fatty acids (SCFA) such as acetate, propionate and 
butyrate, and gases, notably hydrogen and methane, are the main fermen- 
tation products. Butyrate is a major source of energy for colonocytes with 
effects on cell differentiation and programmed cell death (apoptosis) that 
may be protective against cancer. Propionate inhibits liver cholesterol syn- 
thesis in experimental animals, but the importance in humans is not yet clear. 
Viscous types of soluble fibre that have a high water-binding capacity may 
mhibit gastric emptying, and also have beneficial effects on both lipid and 
carbohydrate metabolism, including a lowering of plasma total and LDL- 
cholesterol and a lowering of postprandial glucose and insulin response. 

Carbohydrate malabsorption 

In certain individuals malabsorption of dietary carbohydrates may cause 
excessive delivery of fermentable substrate to the large intestine, causing 
intolerance. Congerital sucrase deficiency is a rare cause of sucrose malab- 
sorption, w h c h  can cause gastrointestinal complaints, including diarrhoea, 



rvher! an increasing amount of sucrose is introduced in the diet. SimilarQi, 
congenital lactase deficizncy is a rare conclition causing severe diarrhoea and 
malnutrition in the newborn. Breast milk has a high content (7%) of lactose. 

Carbohydrate and disease 

Blood glucose concentration is determined by three main factors: the rate 
of intestinal carbohydrate absorption, the net liver uptake or output, and 
gl~lcose uptake by other tissues, which in turn depends upon blood insul

in 

coilcentration and the sensitivity of tissues to insulin. With a constant diet- 
ary carbohydrate load, there is a range of change in blood glucose concen- 
tration in individuals; large increases indicate impaired glucose tolerance. 
The change in blood glucose after a meal is determined by both the glycae- 
mic index (GI) of the meal and the amount of carbohydrate consumed. The 
protein and fat content and the amount of water taken with the meal also 
influence the glycaemic response. Excessive postprandial glycaemia may be 
related to increased all-cause mortality in diabetics as well as in people with 
normal fasting blood glucose concentration. 

There is evidence from both epidemiological studies and intervention 
studies that diets rich in dietary fibre are healthy, and may reduce the risk 
of coronary heart disease and certain cancers, as well as reducing the risk 
of obesity. Viscous types of dietary fibre, such as pectin, guar gum and oat 
P-glucans lower serum cholesterol, but it is not known to what extent the 
protective effects of whole grain cereals and fruits are due to dietary fibre, 
to other constituents of these foods, or to other diet or lifestyle-related fac- 
tors associated with the consumption of whole grain foods and fruits and 
vegetables. 



The main form of dietary fat is triacyglycerol (TAG) in which three fatty 
acids are bound to a molecule of glycerol (Fig 4.11). It is in this form that 
fat is stored, predominantly in adipose tissue. Phospholipids are similar 
in structure, but have a phosphate group and an additional base (choline, 
inositol, serine) in place of one of the fatty acids. Together with cholesterol, 

F~gure 4.4 Structure of triacylglycerol (TAG) and phospholipids. Triacylglycerol (A) consists of a 
glycerol backbone esterified to three fatty acids. In phospholipids (B) carbon-3 glycerol is esterified 
to phosphate, then to one of a number of water-soluble bases shown in (C). 



Structure 

Cli3- (CH2), -CH=CH -CH2 -CH=Ch -(CH2)? COOH 

CH3- (CH2), -CH=CH -(CH2), COOH 

CH3- (CH2)16 COOH 

Figure 4.5 Fatty acid structures 

Class 

Polyunsaturared 
(Linole~c ac~d, 18 2 n-6) 

blonounsaturated 
(Oleic acid, 18 1 n-9) 

Saturated 
(Siearlc acid, 18 0) 

@ trans conf~gurat~on 

Figure 4.6 Distribution of atoms at a ca rbon~arbon  double bond: (A) cis and (B) trans 

configuration. 

phospholipids are important constituents of cell membranes. Fatty acids 
consist of hydrocarbon chains with a carboxylic acid group at the head. 
Typically a fatty acid has between 12 and 22 carbon atoms and rnay contain 
no double bonds (saturated fatty acid) or one (monounsaturated) or more 
(polyunsaturated) double bonds (Fig 4.5). The hydrogen atoms at the car- 
bon-carbon double bond may be on the same side of the double bond (cis) 
or on opposite sides (trans) (Fig 4.6). Trans fatty acids are absent from natural 
plant lipids but mav be found in some animal fats such as milk fat. Trnns 
fatty acids may also be formed during the processing of some fats for incor- 
poration into foods. High intakes of tvnns fatty acids have been associated 
with an increased risk of cardiovascular disease. 

TAG molecules constitute an excellent storage form of fat because they 
are hydrophobic and can therefore be packed very densely. Following oxida- 
tion fat generates 9 kcal (36 kJ) energy per gram, whch  is considerably more 
than carbohydrate or protein and makes fat especially valuable as a fuel. Fat 
is stored in adipose tissue in the fed state and adipose tissue fat stores are 
mobilized in the fasted state. 

Functions of dietary fat 

Fat plays diverse roles in human nutrition. In addition to its importance as 
a source of energ>: both for immediate utilization by the body and as a store 



for later utilization when food intake is reduced, dietary fat acts as a vehicle 
for the z'csorption of fat-soluble vitamins. Phospholipids and cholesterol are 
components of cell membranes and cholesterol is the precursor for synthe- 
sis of adrenocorticoid and sex hormones. Long chain (C20 and C22) poly- 
unsairurzted fatty acids in membrane phospholipids are the precursors of 
prostaglandins and other eicosanoids, compounds that have important local 
hormone effects. 

Energy storage 

The majority of fat is stored as TAG in the cells of adipose tissue. 
Following a meal, ingested fat which is not required by the body tissues 
for immediate use is transported to the adipose tissue in lipoproteins. 
The fatty acids are hydrolysed from the TAG in circulating lipoproteins 
by the enzyme lipoprotein lipase (LPL), taken up by the adipose tissue 
and re-esterified into triacylglycerol. Conversely, when dietary energy 
supply is limited, such as after an overnight fast, the fat in adipose tG- 
sue is mobilized and fatty acids are released into the circulation, bound to 
serum albumin. These fatty acids enter other tissues and are oxidized for 
energy production. This process is tightly regulated by the concentration 
of metabolites (glucose, fatty acids, TAG) in the blood and by hormones 
(insulin, glucagon, adrenaline). In addition to its role as an energy store, 
subcutaneous adipose tissue is important in the maintenance of body tem- 
perature, w-hereas internal fat (visceral fat) protects the vital organs such 
as the kidney and spleen. Accumulation of excessive visceral fat (abdomi- 
nal obesity) is a risk factor for heart disease and diabetes and is linked 
with insulin resistance. 

The structural role of fat in cell membranes 

The basic structural unit of most biological membranes is phospholipid, 
although sphingolipids, which are basid on a sphingosine-rather than a 
glycerol backbone, are also widespread in membranes, and are particu- 
larly abundant in the brain and nervous system. The chain length and 
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degree of unsaturation of the fatty acids within the membrane have a large 
impact on membrane physical properties. Dietary fatty acid composition 
has been shown to influence the composition of fatty acids in cell mem- 
branes. Cholesterol is also a component of cell membranes, in which its 
interactions with fatty acids are essential to maintain membrane structure 
and fluidity. 

Mernbrone fats in cell signalling 

Various lipids are involved in cell signalling and the conversion of extracel- 
lular signals into intracellular ones. Membrane phospholipids are important 
mediators of hormone and neurotransmitter action and as such are involved 
in regulation of cellular processes such as smooth muscle contraction, 
glycogen metabolism and cell proliferation and differentiation. Membrane 
sphmgolipids are important modulators of cell growth and death, and of 
inflammatory responses. 



The ~t-~vo dietary essential fatty acids, linoleic and a-linolenic acid, are pre- 
cursors of long chain polyunsaturated fatty acids (TUFAS), including 
eicosapentaenoic acid (EPA) and arachidonic acid (AA). These two PUFAs 
(AA being the most important) are the precursors of a group of hormone-like 
compounds called eicosanoids, including prostaglandins, thromboxanes and 
leucotrienes, which are important for a wide range of processes including 
inflammatory responses, blood clotting and smooth muscle contraction. 

Fat transport and metabolism 

As TAG, cholesterol and phospholipids are not water-soluble, they cannot 
be transported free in the blood, but are carried in lipoproteins. Lipoproteins 
are particles which transport lipids between tissues. They have a hydropho- 
bic core of TAG and cholesterol esters and a hydrophilic surface consisting 
of phospholipids and free cholesterol. Lipoproteins also contain specific 
proteins, apoproteins, which determine how the lipoprotein is metabolized. 
Apoproteins recognize and interact with specific receptors on the cell-surface, 
and the receptor-lipoprotein complex is taken into the cell. Apoproteins 
also determine the activities of a range of proteins, including hydrolysing 
enzymes (lipases), receptors and lipid transfer proteins, which are involved 
in all stages of lipoprotein metabolism. 

Lipoprotein classes 

Lipoproteins have traditionally been classified according to their density into 
four main subgroups: chylomicrons, very low-density lipoproteins (VLDL), 
low-density lipoproteins (LDL) and high density lipoproteins (HDL). Recent 
research has focused on a fifth category of lipoproteins, lipoprotein(a), or 
Lp(a), which has a strong independent association with the development of 
atherosclerosis. Chylomicrons formed in the gut, and VLDL formed in the 
liver are the least dense of the lipoproteins as they contain the lowest protein: 
lipid ratio. The smaller denser LDL and HDL are involved in the transport of 
cholesterol to and from the cells, with about 70% of total cholesterol present 
in LDL. LDL is derived from the metabolism of VLDL in the circulation. 
HDL, which is originally synthesized in the gut and the liver, is responsible 
for the removal of excess cholesterol from peripheral tissues and its return to . 

the liver, a process called reverse cholesterol transport. 

The exogenous and endogenous ijpsprotejn pathways 

The exogenous lipoprotein pathway distributes fat entering the circulation 
from the diet whereas the endogenous fat pathway distributes fat either syn- 
thesized or stored in the liver. 

Eiogenous pathway 
Dietary fat is packaged into chylomicrons in the enterocytes of the small 
intestine, which are then secreted into the lymphatic system and enter the 
circulation via the thoracic duct. Chylomicrons are too large to move through 
the capillary wall, so cells cannot take them up directly Adipocytes, muscle 



and mammary cells synthesize and secrete ::he enzyme lipoprotein lipase 
(LPi), which hydrolyses the triacylglycerol in chylomicrons and releases 
fa;y acids, whch  are sl~bsequenirly talcen up by the tissues. Once inside a 
cell fatty acids are rapidly converted into TAG. In adipose tissue and mam- 
mary gland the fatty acids are stored as TAG as an energy reserve and to 
provide milk fatty acids, whereas in the muscle the fat is used as an imme- 
diate source of fuel for muscle contraction. The lipid-depleted chylomicron 
remnant (CMX) is taken up by liver cells via a receptor. 

Endogenous pathway 
The liver svnthesizes VLDL using fatty acids from a variety of sources 
including other lipoproteins and fatty acids synthesized in the liver. Upon 
secretion into the bloodstream triacylglycerols are hydrolysed by LPL and 
the fatty acids are taken up by tissues. VLDL remnants are either taken up 
by the liver or become LDL, the major carrier of cholesterol in the blood. An 
increased secretion or delayed clearance of triacylglycerol rich lipoproteins 
(VLDL and chylomicrons) is a significant risk factor for coronary heart dis- 
ease. LDL transports cholesterol to the peripheral tissues and regulates de 
novo synthesis of cholesterol at these sites. On arrival at the cell surface the 
cell takes up the LDL-receptor complex. Once inside the cell the cholesterol 
can be used immediately for incorporation into cell membranes, used in the 
synthesis of steroid hormones or stored as cholesterol esters (cholesterol 
bound to a fatty acid) within the cell. 

LDL that has become chemically modified, by oxidation for example, is rec- 
ognized by scavenger receptors on the surface of macrophages. Macrophages 
take up these chemically modified LDL and in so doing accumulate lipid. 
This uncontrolled process of lipid accumulation leads to the formation of 
foam cells, which mark an early stage of atherosclerosis. 

Excess cholesterol in tissues is transported in HDL back to the liver, where 
it can be excreted in the bile or be transported to other cells via the VLDL- 
LDL pathway. More than 40% of individuals who have a myocardial infarc- 
tion (heart attack) have low HDL levels. 

lntracellular fat metabolism 

Fatty acid oxidation 

Fatty acid oxidation occurs in many tissues, predominantly though a 
pathway of P-oxidation i7 the mitochondria. The substrate fatty acids are 
supplied to tissues either in the form of non-esterified fatty acids (NEFA), 
bound to serum albumin, or by the hydrolysis of the triacylglycerol compo- 
nent of circulating lipoproteins. 

Before fatty acids can be oxidized, they have to enter the mitochondria, 
for w h c h  purpose they are initially converted to esters of acetyl CoA (called 
fatty acyl CoA). Fatty acyl CoA crosses into the mitochondria via a carnitine 
transport system. Mitochondria1 fatty acyl CoA undergoes a repeating series 
of four reactions, which results in the cleavage of the fatty acid molecule 
to give acetyl Co4 and a new fatty acyl CoA whch is two carbons shorter 
than the imtial substrate. This new, shorter, fatty acyl CoA is then a substrate 



for the same sequence of reactions, which is repezted unid only acetyl 
Co4 is left. 

The rate of 13-oxidation is high ~~vhen the supply of fatty acids to tissues is 
high, such as in the pcst-absorptive state or after an overnight fast. At this 
time the insu1in:glucagon ratio will be comparatively low and this will drive 
the mobilization of stored fat and its subsequent oxidation. In the fed state 
the insu1in:glucagon ratio will be high and this will inhibit the mobilization 
of TAG from adipose tissue and drive the deposition of TAG instead. Skeletal 
muscle favours fat as a fuel over carbohydrate 2nd active skeletal muscle will 
take up fatty acids from plasma and oxidize them. 

Synthesis of ketone bodies 

When fatty acid oxidation is occurring at a fast rate, such as following an 
overnight fast or during prolonged fastmg, the rate of production of acetyl 
CoA may be too high for metabolism by the TCA cycle, and under these 
circumstances some of the acetvl CoA wlll be converted m the llver to com- 
pounds called ketone bodies. These compounds are important because they 
can be used as an alternative to glucose by other tissues (but not the liver). 
The brain cannot use fatty acids but can oxidize ketone bodies and this is 
extremely important as a glucose-sparing strategy. Additionally, under these 
conditions, with insu1in:glucagon ratio low, the liver will become more likely 
to carry out gluconeogenesis, to make glucose available to the brain and 
other cells unable to oxidize fatty acids, such as red blood cells. 

Fatty acid synthesis 

De novo fatty acid synthesis usually s ipf ies  an excess of carbohydrate or 
amino acids. The acetyl CoA generated from the oxidation of these substrates 
leaves the mitochondria and enters the cytoplasm, the site of fatty acid synthe- 
sis. Fatty acids are synthesized by the successive addition of two-carbon units 
from acetyl CoA, followed by reduction. Two key multi-enzyme complexes are 
responsible for the synthesis of fatty acids from acetyl CoA. The first cataly- 
ses the carboxylation of acetyl CoA to malonyl CoA, whch is a 3-carbon unit, 
and the second catalyses the successive addition of 2-carbon units to a growing 
fatty acid chain, using malonyl CoA as the donor of each 2-carbon unit. 

Elongotion and desaturation of fatty acids 

Fatty acids synthesized. in this way can be elongated using elongases 
(enzymes that add carbon atoms to preformed fatty acids) and desatu- 
rated to form fatty acids with double bonds. There are two fatty acids that 
the body cannot make, linoleic acid and linolenic acid, which are therefore 
termed essential fatty acids, and both of which are polyunsaturated. Linoleic 
acid belongs to the omega 6 family, so named because the first double bond 
starts six carbons from the methyl end of the fatty acid, whilst linolenic acid 
belongs to the omega 3 family. These essential fatty acids are precursors for 
a number of longer chain polyunsaturated fatty aclds including arachidonic 
acid (omega 6 family), eicosapentaenoic acid (EPA, omega 3 family) and 
docosahexaenoic acid (DEIk, omega 3 family). 



Cholesterol can  be obtained through the diet, but cholesterol synthesis in ihe 
liver makes a much more important contribution to body cholesterol than 
diet does. The process of cellular cholesterol metabolism is tightly regulated. 

Synthesis and utilizaiion of triacylglycerol 

Whenever energy supply from the diet exceeds the energy expenditure of the 
body TAG is deposited in adipose tissue. When a fat-containing meal is con- 
sumed, adipocytes acquire fat from circulating lipoproteins by breakdown of 
TAG by lipoprotein lipase. In the reverse situation, when there is a demand 
for fatty acids for metabolism, TAG is mobilized from adipose tissue by the 
enzyme hormone-sensitive lipase (HSL). These processes are integrated and 
controlled by the nutritional status of the individual through a number of 
hormones, the most important of whch  is insulin. Biosynthesis of triacvl- 
glycerol involves the esterification of three fatty acids to a glycerol backbone. 
It can occur in a number of tissues, predominantly adipose tissue, liver, 
enterocytes and the mammary gland during lactation. Under conditions 
where the demand for mobilization of fuel reserves increases, usually sig- 
nalled by low concentrations of insulin, biosynthetic pathways are inhibited 
and hormone-sensitive lipase in adipocytes is activated. Once released, the 
fatty acids are bound to plasma albumin and may be taken up by tissues for 
oxidation. 

Integration and control of fat metabolism 

Following an overnight fast and during prolonged fasting hormone-sensi- 
tive lipase activity is high, mainly because of a low insu1in:glucagon ratio, 
and fat is mobilized and fatty acids enter the plasma. The increase in con- 
centration of fatty acids in the plasma drives uptake by tissues such as skel- 
etal muscle and liver for subsequent oxidation. This spares glucose, which 
will be in short supply, for particular use by the brain. Additionally glyc- 
erol is released from the adipose tissue when TAG is mobilized, and this is 
used for gluconeogenesis in the liver. Conversely, in the absorptive period, 
during and for a few hours after a meal, the insulinglucagon ratio is hgh,  
which Inhibits TAG mobilization from adipose tissue. The concentration of 
TAG in the plasma (in chylomicrons and VLDL) will be high and any excess 
of dietary fuel over immediate requirements will be deposited as fat. Excess 
carbohydrate is preferentially used to replenish liver glycogen stores, whilst 
amino acids will be used for protein synthesis. Any excess of carbohydrate 
or protein will be used for fatty acid and triacylglycerol synthesis, which can 
be stored in adipose tissue. 

The magnit<de and duration of the postprandial lipaemic response will 
depend on the efficiency of the regulatory mechanisms for the disposal and 
storage of the triacylglycerol. Lipoprotein lipase is activated by insulin and 
will therefore be most active following a meal; in adipose tissue its activity 
reaches a peak approximately 3 4 h  after a meal, coinciding with the peak in 
postprandial plasma triacylglycerol. 
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4.4 PROTEIN METABOLlSM AND REQUIREMENTS 

introduction 

Dietary protein is a complex mixture of many different proteins, each with 
a distinct amino acid composition. Any individual protein may contain 
50-1000 amino acids, the sequence of which is specific for that protein. The 
nutritional requirement is not only for total protein intake, but for specific 
amino acids, in the proportions that are required to maintain turnover of 
bodv proteins. There are about 30,000-50,000 different proteins in the human 
body, and they are broken down and replaced at different rates. 

Protein structure and function 

Proteins are composed of chains of amino acids in chemical lmkage with one 
another, known as polypeptides. There are 21 amino acids involved in the syn- 
thesis of proteins, together with a number that occur in proteins as a result of 
chemical modification after the protein has been synthesized. In addition, a 
n~unber of amino acids occur as metabolic intermediates, but are not found in 
proteins. Chemically amino acids all have the same basic structure - a n  amino 
group (-Nfi;+) and a carboxylic acid group (--COO-) attached to the same 
carbon atom (the a-carbon). What differs between them is the nature of the other 
group that is attached to the a-carbon, the simplest being glycine, in whch the 
side group is hydrogen. Polypeptide chains are formed by the condensation of 
the carboxyl group of one amino acid with the amino group of another, to form a 
peptide bond. The chain of amino acids in a polypeptide chain folds in a variety 
of ways to form the secondary structure, and, having formed repons of second- 
ary structure the whole protein molecule then folds up into a compact shape, 
representing the tertiary structure. Some proteins have a quaternary structure, in 
whch more than one folded polypetide chain associate with one another. 



Nvljcrcsgen bziisnsss and protein turnover 

The average dietary intake of protein is about 80 g/day in Western countries 
but is typicallv much less in loqv- and middle-income countries. Protein is 
largely digested to amino acids and small peptides and these are absorbed 
in the small intestine. A small faecal loss of nitrogen is composed mainly of 
intestinal bacteria, shed mucosal cells and mucus but may include a small 
amount of undigested dietary protein. 

A small pool of free amino acids in the body is in metabolic equilibrium 
with proteins that are being broken down and synthesized. Some of these 
amino acids are used for synthesis of a variety of specialized metabolites 
including hormones and neurotransmitters, purines and pyrimidines. A pro- 
portion of the amino acid pool will be oxidized, and the carbon skeletons 
generated will be used as metabolic fuels or for gluconeogenesis, with the 
nitrogen being excreted mainly as urea. 

Body protein balance can be determined by measuring the dietary intake 
of nitrogenous compounds and the output of nitrogenous compounds from 
the body Nitrogen constitutes 16% of most proteins, and the protein content 
of foods can therefore be calculated as: mg N X 6.25. Nitrogen is lost from the 
body largely in the urine and faeces, but si,pificant amounts may also be lost in 
sweat and shed skin cells. The difference between intake and output of nitrog- 
enous compounds is termed nitrogen balance. Three states can be defined: 

* An adult in good health and with an adequate intake of protein excretes 
the same amount of nitrogen each day as is taken in from the diet. This is 
nitrogen balance or nitrogen equilibrium: intake = output, and there is no 
change in the total body content of protein. 
In a growing child, a pregnant woman or someone recovering from 
protein loss, the excretion of nitrogenous compounds is less than the 
dietary intake -there is a net retention of nitrogen in the body, and an 
increase in the body content of protein. This is positive nitrogen balance: 
intake > output, and there is a net gain in total body protein. 

* In response to trauma or infection, or if the intake of protein is inadequate 
to meet requirements, there is net a loss of nitrogen from the body - 
the output is greater than the intake. This is negative nitrogen balance: 
intake < output, and there is a loss of body protein. 

The proteins of the body are continually being broken down and replaced 
although the rate can vary from minutes to days, depending on the proteins. 
An adult catabolizes and replaces about 3-6g of protein per kg body weight per 
day, with no change in total body protein content. Protein breakdown occurs at 
a more or less constant rate throughout the day ln contrast, replacement syn- 
thesis is greater than breakdown after a meal, and is less than breakdown in the 
fasting state, when amino acids are being used as substrates for gluconeogen- 
esis. Trus means that there are periods of positive and negative nitrogen balance 
throughout the day Even in severe undernutrition, the rate of protein break- 
down remains more or less constant, whde the rate of replacement synthesis 
falls, as a result of the low availability of metabolic fuels. It is only in cachexia (a 
conchtion of weight loss and muscle atrophy often associated with disease), that 
there is increased protein catabolism as well as reduced replacement synthesis. 



The catabolism of tissue proteins is a bi,ghly regulated process; different prc- 
teins are catabolized (and replaced) at very different rates. It is the continual 
catabolism of tissue proteins that creates the requirement for dietary protein. 
Although some of the amino acids released by breakdown of tissue proteins 
can be re-used, most are metabolized to intermediates that can be used as 
metabolic fuels and for gluconeogenesis. The nitrogen is metabolized to urea, 
which is excreted. 

Protein synthesis 

The synthesis of a particular protein is directed by the sequence of bases on 
a specific region of DKA in the nucleus. This information is transcribed ordo 
a molecule of messenger RNA (mRNA), which carries the message into the 
cytoplasm for translation into the appropriate polypeptide chain. 

DNA is a linear polymer of nucleotides. It consists of a sugar phosphate 
backbone in which phosphate bonds link adjacent deoxyribose molecules. 
Two strands of deoxyribonucleotides are held together by hydrogen bonds 
between bases (adenine, guanine, cytosine and thymine). The DNA dou- 
ble strand coils into a double helix. The order of bases in a stretch of DNA 
acts to code for the specific order of amino acids to be incorporated into a 
polypeptide chain, for protein synthesis. This code (the genetic code) is read 
in groups of three bases, called a codon. Most amino acids are coded for by 
more than one codon, which allows a degree of buffering against errors in 
protein synthesis. 

In RNA the sugar is ribose, rather than deoxyribose, and RNA contains the 
base uracil instead of the thymine in DNA. There are three main types of RNA 
in the cell: mRNA, synthesized in the nucleus as a copy of one strand of DNA; 
ribosomal RNA (rRNA), that constitutes part of the ribosomes on which pro- 
tein is synthesized; and transfer RNA (tRNA), that provides the link between 
mRNA and the amino acids for protein synthesis on the ribosome. 

As a first step in the synthesis of a protein, the information on a region 
of DNA is transcribed onto mRNA in the nucleus of the cell; a part of the 
desired region of DNA is uncoiled, and the two strands of the double helix 
are separated. A copy of one DNA strand is synthesized using complemen- 
tary bases - the copy is mRNA (see also chapter 11). 

The message carried by the sequence of bases in mRNA is then translated 
into amino acids, and the formation of peptide bonds between amino acids 
generates the polypeptide chain. This process occurs on the ribosome in the 
cytoplasm. Each amino acid is carried to the ribosome by a specific trans- 
fer RNA molecule. The order of amino acids is directed by the mRNA base 
sequence. 

Energy cost and control of protein synthesis 

In the fasting state, when the rate of protein synthesis is relatively low, about 
8% of total energy expenditure is accounted for by protein synthesis. After 
a meal, when the rate of protein synthesis increases, it can account for as 
much as 20% of total energy expenditure. 



Insu-h, szcreiid Ln~ the fed state, kcreases the rate of protein synthesis, both 
by clirect actions and also by s th~u la thg  the uptake of glucose and amino acids 
into cells. The glucocorticoid hormone cortisol acts at a whole bod;; level to 
increase the rate of muscle protein catabolism and gluconeogenesis in the liver, 

Amino acid metabolism 

Because different proteins contain different amounts of the various amino 
acids not all proteins are nutritionally eq~uivalent. The body's requirement is 
not simply . for protein, but for specific amino acids. Nine amino acids - lysine, 
histidine, leucine, isoleucine, methonine, phenylalanine, tryptophan, threo- 
nine and valine - cannot be synthesized in the body and are termed essential 
(or indispensable). Some amino acids, including arginine and glutamine, are 
termed conditionally essential (or partially dispensable) because, although 
they can be synthesized in the body, there are some circumstances ~ ~ n d e r  
which req~~irements can overwhelm the capacity for synthesis. 

Because there is continual oxidation of amino acids as a source of metabolic 
fuel and for gluconeogenesis in the fasting state, an adult has a daily req~iire- 
ment for dietary protein. Overall, for an adult in nitrogen balance, the total 
amo~mt of amino acids being metabolized in a day will be equal to the total 
intake of amino acids ingested in dietary proteins. Amino acids are also required 
for the synthesis of a variety of metabolic products, including purines and pyri- 
midines for nucleic acid synthesis, the neurotransmitters, dopamine, noradrena- 
line and adrenaline, and the thyroid hormones thyroxine and tri-iodothyronine. 

The initial step in the metabolism of amino acids is the removal of the 
amino group (-NH3+), leaving behmd the carbon skeleton of the amino acid. 
Chemically, these carbon skeletons are keto acids, which have a --C = 0 group 
in place of the HC-NH3+ group of an amino acid. Some amino acids can be 
directly oxidized to their corresponding keto acids, releasing ammonia, a process 
called deamination. Most amino acids undergo transamination, whch involves - 
the transfer of the amino group from an amino acid onto a keto acid, forming a 
new amino acid and a new keto acid. Thus, bv deamination and transamination 
all of the amino acids can be converted to their keto acids and ammonia 

The carbon skeletons of amino acids may be oxidized, used for fatty acid 
synthesis or be used to synthesize glucose or ketone bodies (only leucine, 
lysine, phenylalanine and isoleucine). 

The metaboiism of ammonia 

Ammonia is toxic and is removed from the body in the form of urea, which is 
synthesized in the liver and then excreted in urine. The total amount of urea 
synthesized each day is several-fold higher than the amount that is excreted. 
Urea diffuses readily from the bloodstream into the large intestine, where it 
is hydrolysed by bacteria to carbon dioxide and ammonium ions. hluch of 
the ammonium is reabsorbed, and metabolized in the liver. 

Protein and amino acid requirements 

It has proved difficult to define protein requirements, mainly because there 
are no specific biochemical markers or deficiency symptoms, apart from 



grorvth failur? ancl tissue wasting - 7,vhich only mark a severe deficienc;~ 
Additionally, because the body makes adaptations to low protein intakes t hz  
relation between intake and requirements can be weak. VIithout biochem- 
ical indicators, protein and amino acid requirements can only be defined in 
terms of maintenance of body protein. Measuring the protein requirement 
for maintenance requires the use of balance methods, whch  are imprecise 
and difficult to carry out. Protein req~~irements are best discussed in terms of 
metabolic demand, dietary requirement and dietary allowances. 

Metabolic demand for protein is determined by the nature and extent of 
those metabolic pathways which consume amino acids, which include 
maintenance and special needs such as growth, rehabilitation, pregnancy 
and lactation. Maintenance comprises all those processes which consume 
amino acids and give rise to urinary, faecal and other losses (Fig 4.7). 
Net protein synthesis is only a very small part of maintenance. 

* Dietary ~equiiement is the amount of protein and/or its constituent amino 
acids that must be supplied in the diet in order to satisfy the metabolic 
demand and achieve ~ t r o g e n  equilibrium. The dietary requirement will 
usually be greater than the metabolic demand because of factors whch 
influence the efficiency of protein utilization. These are factors which 
influence the digestibility and consequently the amount of dietary nitrogen 
lost in the faeces, and the cellular bioavailability of the absorbed amino 
acids in relation to needs, which influences the biological value. 

Methods of determining dietary protein requirements 
Nitrogen balance and factorial models 

The metabolic demand can be estimated from measurement of all losses of 
nitrogen in subjects adapted to a protein-free diet. This is the obligatory nitro- 
gen loss (ONL). When losses are measured over a range of intakes, balance is 

I Nitrogen losses 

1 I b  Suriace losses (eg. skin, hair, sweat) 

-1 
Undigested 

orotein 

Figure 4.7 Routes of proteln utilization 

Urine losses 

Faecal losses 



calculated at each iintake as intake minus losses, ancl the equation - of the bal- 
ante curve is calcillated to predict the requirement. Using t h s  approach the 
currently accepted maintenanc" requirement - is O.S6g/kg body ~,veighi/d. 
f-lowever, there are a number of problems with this approach: 

Nitrogen balance is the small difference between two large measurements 
and is associated with a high degree of imprecision. 

e Nitrogen balance is usually overestimated because of an overestimation of 
nitrogen intake and an underestimation of output. 
Individual nitrogen balance curves are not linear and therefore curve 
fitting has to be used to predict nitrogen loss at zero intake. 
Nitrogen balance varies as a function of energy intake. Excess energy 
intake leads to weight gain, including some lean tissue, ~ v h l s t  insufficient 
energy intake will lead to oxidation of protein for energy 
Different types of physical activity can influence nitrogen balance in ways 
that are currently only partly understood. 

r Changes in protein intake elicit adaptive changes in metabolism. The time 
taken for complete adaptation is not fully understood. 

Protein requirements for growth and special needs 

For infants, children and pregnant and lactating women, protein require- 
ments are derived by a semi-factorial analysis of the components of meta- 
bolic demand. The main components are maintenance requirements, dietary 
requirements for growth, and a factor to cover inter-individual variability. 
Additional requirements are associated with pregnancy and lactation. 

Expression of requirements 

In the past, protein requirements have been expressed as protein amounts per 
person or per kg body weight. Whilst t h s  is adequate for calculating recom- 
mended intakes for an individual, it is less useful when advice is given about 
the types of diets and foods to be recommended and in assessing the adequacy 
of intakes. Energy expenditure determines overall energy and nutrient intakes, 
so that food-based guidelines can be more useful. Because the very h g h  energy 
requirements during infancy and chldhood decrease with age at a greater rate 
than the fall in the protein requirement, the proteinenergy (P:E) ratio of the 
requirements for infants is low and increases with age. Ths  means that a diet 
which can meet both energy and protein needs of the infant can satisfy energy 
needs of older children or adults whle failing to meet their protein needs. 

Importance ofphysicai activity for nutrient intakes and risk of deficiency 

Protein requirements are generally not considered to vary with energy 
expenditure and are usually provided by the increased food ener,yi intakes. 
With energy requirements predicted from BMR X physical activity level, 
energy requirements per kg will vary markedly with age (falling), with gender 
(women < men), with body weight (large < small) and with physical activity. 

Protein:energy rotios: k ey  irnplicotions 

* Protein dense foods are more important for adults, especially the elderly, 

than for infants and children. 



Energy dense hods  are more important fo? chddren than aclults, 
Protein def~cizncy is more !ikely in the elderly than in children. 
Protein d-eficii.r~c:r a any age is less likely as physical . activity increases 

Methods s J evaluating pratein quaiisy and assessing 
amino acid requirements 

Classic methods of evaluating protein quality were developed from rat 
growth studies. Protein quality can be assessed using various criteria. 

Protein efficiency ratio (PER) 
PER is g weight gain/g protein intake from a diet containing 9-1Cioio of the 
protein. Very marked differences are apparent between proteins, with values 
of 3.8, 2.0 and 0.3 for whole egg, soya and wheat gluten respectively. 

Digestibility 
Values range from 60-80% in legumes and cereals to 97% for egg. 

Bioiogical value (BY)  
BV varies mainly through the composition of the absorbed amino acid mix- 
ture in relation to the pattern of the metabolic demand for maintenance and net 
protein deposition. BV is low for cereals because of low levels of lysine and 
tryptophan and for legume proteins because of low levels of methionine and 
cysteine. How-ever, BV of a diet can be increased by mixing different plant foods 
and mixed plant protein diets can have a BV that is similar to animal proteins. 

Net protein utilization (NPU) 
NPU represents a specific measure of protein utilization. It can be measured 
by means of N balance studies allowing separate evaluation of both digest- 
ibility and BV. Because faecal and urinary losses include ONL the measure- 
ments need to differentiate between these and exogenous losses due to poor 

%tiate utilization of food protein. However, it has proved difficult to differ, 
protein quality of different diets in nitrogen balance studies carried ovLt in 
humans partly because what is being measured is maintenance requirements 
and not demands for rapid growth, as in rats. Other methods have been 
examined, including the amino acid scoring method. 

Amino acfd scoring method 

If the pattern of amino acid requirements is known, then in theory the meas- 
ured BV of a dietary protein should be predictable from its amino acld pattern 
relative to that of the requirement pattern. The reference pattern is that of an 
ideal protein which would provide requirement levels of all amino acids when 
fed at the protein requirement level. So that: 

reference pattern (as mglg)  
= (amino acid requirement/lcg)/(protein requirementlkg) 

Tlus is the PDCAAS method: Protein Digestibility Corrected Amino Acid Score. 



Stable isotope studies ofprotein and amino acid requjrernenis 

Stable isotopes allow tracer studies of amino acid metabolism, typically 
leucine, in humans. 

Post-prandiol protein uti l ization (PPU) 
The efficiency of protein utilization is determined by the increases in losses 
in response to feeding. PPU is best measured as change i n  balance/change in 
intake between feeding isoenergetic low and high protein meals. The derived 
PPU value is a measure of biological value since the intake value is an 
estimate of digestible intake. 

Indicator amino acid oxidation studies 

A fixed amount of an amino acid mixture is fed, containing varying amounts 
of the amino acid under test. The oxidation of a second 'indicator' labelled 
amino acid is measured. When the intake of the test amino acid is too low 
to support net protein synthesis, the rest of th-e amino acid intake is oxi- 
dized, including the indicator amino acid. As the test requirement intake is 
approached or exceeded, all of the amino acid intake, including the indica- 
tor, will be utilized, so that indicator oxidation falls. 

Definition of reference amino acid patterns 

It is clear that there is much uncertainty about the actual values for amino 
acid requirements from which reference amino acid patterns can be con- 
structed but there is agreement on the principles. For infants the amino 
acid composition of breast milk is assumed to represent an optimum pat- 
tern. Since it is quite clear that after the first year of life growth is relatively 
slow, there is no reason to expect amino acid requirements to vary much 
between the preschool child and the adult. This means that once an agreed 
maintenance pattern has been defined, a factorial calculation of amino acid 
requirements can be derived from maintenance together with the composi- 
tion and amount of tissue protein gain. 

Quality of animal and plant proteins 

The important measure of protein quality is available protein in foods, the 
adjusted P:E ratio, which is determined by both protein content and qual- 
ity. Animal foods generally perform well on both counts. For cereal proteins, 
yam and cassava, lysine is the limiting amino acid. Maize also contains less 
than the reference tryptophan level but lysine is the limiting amino acid and 
adjusting intake to supply lysine needs will supply more than enough tryp- 
tophan. Potatoes provide sufficient of all amino acids. Even after correcting 
for digestibility the adjusted P:E ratio of potato at 8.2% is higher than that of 
breast milk but the growth of a newborn could not be supported on mashed 
potato, because it has low energy density. The high protein level in wheat 
means that it provides a much higher level of utilizable protein than yam or 
cassava, even though wheat has the lowest lysine level of any staple. 



4.5 ALCOHOL METABOLISM AND HEALTH EFFECTS 

In the context of tlus book the term alcohol refers to beverages containing 
ethanol, and these include beer, wine and spirits. Over most of the globe, with 
the exception of Africa, alcohol consumption is increasing. Whilst consump- 
tion at low levels may be associated with low risks the products of alcohol 
metabolism are toxic and it is well recognized that habitual over-consumption 
has numerous adverse effects on health. 

Alcohol consumption in the United Kingdom 

The alcohol content of beverages ranges from 0.5% for low alcohol beers 
to 40-50% for distilled spirits such as vodka or whisky The Department 
of Health (UK) have recommended that alcohol consumption be limited to 
2-3 Units per day for women and 3-4 Units a day for men. In the UK one 



Unit of alcohol is equivalent to half a pint of beer, or one small glass of wine, 
or one measure of fortified wine or spirits. Taking the adult population of the 
UX as a whole, about 27% of males and 12% of females drink more than 21 
or 14 Units per x~eek respectively. There is evidence that alcohol consump- 
tion in chldren is increasing too. There are an estimated 2.8 million UK indi- 
viduals classified as alcohol-dependent. 

Energy content of alcoholic beverages 

The energy composition of alcoholic beverages varies from about 
30-220kca1/100ml (Table 4.1). Alcoholic beverages also contain trace 
amounts of compounds that impart flavour or characteristics of taste and 
smell such as sulphur-containing compounds, tannins, and polyphenols. 
Overall the current estimate is that ethanol contributes about 6.5% to energy 
intake in men and 3.9% in women in the UK but as this estimate includes 
drinkers and non-drinkers the value will in fact be much higher in those peo- 
ple who drink alcohol. 

Alcohol metabolism 

Ethanol is produced from the fermentation of carbohydrate, which gener- 
ates ethanol, carbon dioxide and energy. Typically grapes, apples and grains 
are used, yielding wines, cider and beer respectively. Further distillation 
yields spirits, including whsky, vodka and rum. The immediate metabo- 
lite of ethanol oxidation, acetaldehyde (Fig 4.8), is a highly toxic and chem- 
ically reactive molecule that can bind irreversibly with proteins and nucleic 
acids. Acetate, the product of acetaldehyde metabolism, is either oxidized 
or used for synthesis of fatty acids and triglycerides. Many of the patholo- 
gies associated with drinking alcoholic beverages are due to the effects of 
acetaldehyde. 

Ethanol requires no digestion and is rapidly absorbed, primarily in the 
upper gastrointestinal tract but also directly from the stomach, and appears 
in the blood within a few minutes of ingestion. Food in the stomach delays 
the absorption of alcohol and blunts the peak blood alcohol concentration. 
Alcohol is rapidly distributed around the body. In the post-absorption phase, 
the distribution of alcohol in the body will reflect body water so that for a 
given dose of alcohol, blood levels will reflect lean body mass. 

Alcohol metabolism is initiated in the stomach but the primary site of 
metabolism is the liver. Alcohol is oxidized to acetaldehyde by three routes: 

alcohol dehydrogenase (ADH) 
microsomal ethanol oxidizing system (MEOS) 
catalase. 

Once acetaldehyde is formed, it is further oxidized to acetate via aldehyde 
dehydrogenase (ALDH). Genetic or ethnic variations in ADH and ALDH 
may explain some of the pathologies of alcoholism, and why some individ- 
uals will develop certain diseases when others do not. Also, a lower activity 
of stomach ADH in women than men means that women have a higher 
blood alcohol concentration than men, following an equivalent load. 
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Alcohol-free lager 7 3 1 Trace 0.4 Trace 1.5 
Low alcohol lager 10 4 1 0.5 0.2 0 1.5 
Lager 29 131 4.0 0.3 Trace Trace 
Special strength lager 59 244 6.9 0.3 >ace 2.4 
Bitter 30 124 2.9 0.3 Trace 2.2 
Cider (dry) 36 152 3.8 Trace 0 2.6 
Wine (red, dry) 68 283 9.6 0. I 0 0.2 
Wine (white, dry) 66 275 9.1 0. I 0 0.6 
Wine (white, sweet) 94 394 10.2 0.2 0 5.9 
Sherry (dry) 116 48 1 15.7 0.2 0 1.4 

Spirits (various; 40% proof) 222 919 3 1.7 Trace 0 Trace 

(b) Per I00rnl-  all as rng 

Na K Ca Mk! P Fe Cu Zn CI Mn 

Alcohol-free lager 2 44 3 7 19 Trace Trace Trace Trace 0.01 
Low alcohol lager 12 56 8 12 10 Trace Trace Trace Trace 0.01 
Lager 7 39 5 7 19 Trace Trace Trace 20 0.0 1 
Special strength lager 7 39 5 7 19 Trace Trace Trace 20 0.0 1 
Bitter 6 32 8 7 14 0. I 0.00 1 0. I 24 0.03 
Cider (dry) 7 72 8 3 3 0.5 0.04 Trace 6 Trace 
Wine (red, dry) 7 110 7 I I 13 0.9 0.06 0. I I I 0.10 
Wine (white, dry) 4 6 1 9 8 6 0.5 0.01 Trace 10 0.10 
Wine (white, sweet) 13 l I 0  14 I I 13 0.6 0.05 Trace 7 0.10 
Sherry (dry) 10 57 7 13 I I 0.4 0.03 N 14 Trace 
Spirits (various; 40% proof) Trace Trace Trace Trace Trace Trace Trace Trace Trace >ace 

N: xigniiicant qrianrities but no reliable informotion 
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Figure 4.8 Metabolism of alcohol. Simplistic representation of conversion of alcohol to 
acetaldehyde and then acetate. 

The MEOS is an inducible pathway of ethanol metabolism and is thus 
of particular significance in chronic ethanol misusers where the existing 
enzymes are unable to cope with the high ethanol load. 

Chronic excess alcohol consumption is associated with both weight loss 
and obesity. Alcohol-related weight loss has been ascribed to poor dietary 
intake and malabsorption but there is also evidence for impaired energy pro- 
duction through uncoupling of metabolism from energy production. 

Alcohol-related pathologies 

There are at least 60-120 different alcohol-related pathologies. These include 
cirrhosis, gastrointestinal pathologies, fatty liver, hypertension, skeletal and 
bone marrow changes. 

Fatty liver: Traditionally, alcohol-induced liver disease has been thought 
to have three stages, fatty liver (steatosis), alcoholic hepatitis with fibrosis, 
and cirrhosis. Fatty liver occurs in about 80-90% of chronic alcohol 
misusers but rarely has symptoms. The excess lipid in affected liver is 
mainly triacyglycerol, but there is also an increase in esterified cholesterol. 
Lactic acidosis: Alcohol metabolism leads to an increase in the lactate: 
pyruvate ratio, and this may be made worse by ketoacidosis (caused by 
the production of large amounts of ketone bodies). In severe situations of 
ketoacidosis and hypoglycaemia, permanent brain damage may occur. 
These conditions may be exacerbated by thiamin deficiency. The high 
concentration of lactic acid also impairs the kidney's ability to excrete uric 
acid and consequently blood uric acid levels rise, causing gout. 
Injuences on  hournones: Alcohol causes increased activation of the 
sympathetic nervous system, with increased circulating catecholamines 
secreted by the adrenal medulla. Alcoholism also affects the 
hypothalamic-pituitary-gonadal axis, and these effects are further 
exacerbated by alcoholic liver disease. 

* Effects on  cenfual nervous system: Effects are dose-dependent and begin 
with the so-called social modulating effects of alcohol, including 
increasing cheerfulness, loss of inhibitions and impaired judgement. 
Heavier consumption leads to agitation, slurred speech, loss of memory, 
with double vision and staggering. 
Effects on  card~ovasc1.~111r system: Acute effects of alcohol on the 
cardiovascular system involve both the heart and the peripheral 
vasculature. Peripheral vasodilation causes a sensation of warmth. 



Cardiac effects are usually in the form of arrhythmias, such as 
bradycardia, tachycardia or sometimes fatal atrial fibrillation, 
experienced as palpitations. 
EJJecfs on mtrscle zueakness: Alcoholic myopathy is common and is a major 
cause of morbidity. It is characterized by muscle weakness, myalgia, 
muscle cramps and loss of lean tissue. 
Effecfs o n  dehydration: Ethanol affects hypothalamic osmoreceptors, 
reducing antidiuretic hormone release, so causing reduced salt and water 
reabsorption in the distal tubule, leading to dehydration. 

* Effects on l iver funct ion:  The pathophysiology of alcohol-induced cirrhosis 
is incompletely understood, but is thought to involve the production of 
reactive oxygen species, and associated oxidative damage. Inadequate 
intake of dietary antioxidants may exacerbate the effect. 

Alcohol and nutritional status 

Chronic ethanol misuse is often associated with impaired nutritional status 
either due to inadequate dietary intake or damage to the gastrointestinal system. 

Alcohol consumption can displace nutrient rich foods from the diet, leading 
to generalized undernutrition. Inadequate intakes of micronutrients, includ- 
ing vitamins B1, A, C, E and folate and zinc and selenium have often been 
reported in alcoholics. Effects of alcohol on the integrity of the mucosal cells of 
the gastrointestinal tract can impair nutrient absorption, which will exacerbate 
effects of nutrient displacement. The metabolism of alcohol leads to an inhib- 
ition of other metabolic pathways, principally because of depletion of NAD. 
This limits the oxidation of fat, carbohydrate and protein, with various meta- 
bolic consequences. Alcohol also has effects on specific nutrients, such as thia- 
min, and functional thiamin deficiency is a common feature of alcoholism. 

Alcohol intake and chronic disease risk 

Epidemiological studies suggest that a modest intake of alcohol is cardio- 
protective and can reduce coronary heart disease, particularly in middle- 
aged men and post-menopausal women. This protective effect is not seen at 
higher levels of intake, which increase incidence of cardiovascular disease 
including hypertension. Moderate to heavy drinking is associated with an 
increased risk of stroke. Consumption of up to 3 Units/day however, reduces 
ischaemic strokes but binge drinking increases the risk of all types of stroke. 
The reported cardioprotective effects of alcohol may be due to antioxidant 
properties of substances in the beverages, such as polyphenols in red wine. 
Protective effects may also occur via clot formation and dissolution, reducing 
circulating levels of fibrinogen, factor VII and plasminogen activator. Platelet 
aggregability may also be reduced by alcohol. 

In contrast there is strong evidence that alcohol increases the risk of cancer 
at various sites, including breast cancer, with no evidence for a lower thresh- 
old. The public health message must therefore take into account the effects 
of alcohol consumption on both cardiovascular disease and cancer. A recent 
report of diet, physical activity and cancer (WCRF/AICR 2007) recommends 
that alcohol consumption be restricted to one drink per day for women and 
two for men. 
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4.6 WATER BALANCE A N D  REQUIREMENTS $ 

Body water balance 

Water makes up about 60% of the total body weight of a healthy adult. It 
is a major component of extracellular and intracellular fluids. Regulation of 
water balance is central to survival; death occurs within a few days of water 
deprivation whilst humans can live from many weeks without food. The 
term 'water balance' simply refers to the balance between water intake and 
water output. Total body water is regulated to maintain an osmotic pressure 
in body fluids of 285 mosmol/kg. Plasma osmolality is a measure of the con- 
centration of substances such as sodium, chloride, potassium, urea, glucose, 
and other ions in human blood. It is calculated as the osmoles of solute per 
kilogram of solvent. Body water is determined by the balance between intake 
and loss. Water intake is regulated by feelings of thirst or satiety whilst the 
extent of dllution of urine determines water loss. 

Water intake 

Water intake is governed by thirst and satiety. When the concentration of sol- 
utes in body fluids rises there are three routes to initiating drinking of water: 

water is drawn out of the salivary glands and the mouth becomes dry, 
prompting drinking 
the hypothalamus detects the increases in solute concentration and 
initiates a drinking stimulus 
receptors in the stomach detect hydration state and may prompt drinking. 



Water loss occurs in the breath, in sweat, in urine, and in 

exfoliated cells. Regulation of water excretion is mainly under the control of 
anti-diuretic hormone (ADH), which is secreted from the pituitary gland in 
response to stimulus from the hypothalamus. If the hypothalamus detects 
an increase in solute concentration in the blood it stimulates the pituitary to 
release ADH, which directs the kidneys to reabsorb water. Additionally, low 
blood pressure can result from excessive water loss, and h s  triggers the release 
of renin by the kidney. Renin activates angiotensin which has two effects; it 
acts as a vasoconstrictor, thereby raising blood pressure, and stimulates the 
adrenal glands to secrete aldosterone, which directs the kidneys to retain 
sodium and water. Urine osmolality can vary between 50-1200mmol/kg 
depending upon the osmotic pressure of body fluids. In these ways water is 
recycled rather than excreted in times of water deficit. 

Failure of water balance 

Under some circumstances these mechanisms of regulation of water balance 
fail to cope. Dehydration is a feature of diarrhoea, of heavy sweat loss, and 
of alcohol abuse. It will also develop in untreated diabetic patients. In con- 
trast, excessive water retention, indicated by oedema, occurs in association 
with congestive heart failure, which is common among elderly people, and 
in renal dysfunction. 

Water and electrolyte balance 

The movement of water across cell membranes is inextricably linked to the 
movement of electrolytes. The movement of water is dictated by the concen- 
tration of electrolytes, such that water will tend to cross a membrane to dilute 
a concentrated fluid, if the solute molecules cannot readily cross the mem- 
brane themselves. It is very important physiologically that the concentration 
of solutes in body fluids is regulated, and this is achieved by control over 
absorption and excretion. Sodium and chloride ions are present in the high- 
est concentration in extracellular fluids and are lost most readily as a result 
of fluid loss such as in heavy sweating or diarrhoea. Under such circum- 
stances drinking water will not restore sodium and chloride balance, and the 
person would require a source of these electrolytes, through the consump- 
tion of salty foods or the use of a special electrolyte mix. It is considered that 
most adults need about 1.5g sodium and 2.3g chiorlde, or 3.8g salt daily to 
replace physiological losses. 

Dietary sources of water 

In addition to the water consumed in beverages all but the most fatty foods 
are a useful source of water. Fruits and vegetables commonly have high 
water content, some fruits and vegetable contain 95% water and even full fat 
cheeses and meats can be 50% or more water. Additionally the body gener- 
ates water as a result of oxidative metabolism of macronutrients. 



Water requirements 

There are currently no evidence-based recommendations for daily water 
consumption in the same way as there are for energy and most nut-iients. 
The Food and Nutrition Board of the Institute of Medicine in the USA rec- 
ommend that women consume a total of about 2.7 litres of water daily and 
that men consume about 3.7 litres daily Of this about 80% generally comes 
from water and other beverages and the remainder comes from food. People 
in hot climates or engaging in strenuous activity will have increased water 
requirements; endurance athletes can lose 1.5 litres of water with only one 
hour of exercise. 
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CHAPTER 5 

Minor Dietary Components 

By the end of ths  chapter you should be able to: 
identify good food sources of water-soluble vitamins, fat-soluble 
vitamins, minerals and trace elements 
summarize the absorption and transport of each 
summarize the main metabolic functions of each 
describe the main effects of deficiency and excess of each 
understand the methods of assessment of status 
appreciate the metabolic interactions between different 
micronutrients 

5.1 INTRODUCTION 

The term 'minor dietary components' in this book refers to vitamins, min- 
erals, trace elements and phytochemicals. The term reflects the fact that the 
amounts of these nutrients present in typical diets range from micrograms, 
as for vitamin BI2, to grams, as for calcium, in contrast to the very much 
higher dietary intakes of fats, carbohydrate and protein. This is a diverse 
group of dietary components, with wide-ranging functions. For some, such 
as iron, deficiency states are often encountered in human populations, even 
in high-income countries, whereas for other nutrients, such as sodium, die- 
tary deficiency is uncommon. Of course, inadequate dietary intake will not 
be the sole determinant of poor nutritional status; many other factors, such 
as genotype, and lifestyle factors such as physical activity, the use of medi- 
cation, alcohol consumption and smoking habits, can interact with diet to 
influence nutritional status. Furthermore, dietary deficiencies are not always 
encountered as single nutrient deficiencies, and certain dietary patterns are 
associated with multiple nutrient deficiencies. This chapter considers, in a 
brief way, the main features of metabolism, effects of deficiency and excess, 
dietary sources of each nutrient and daily requirements. 



5.2 WATER-SOLUBLE VITAMINS - --- -- - - 
Vitamin 8 ,  - thiamin 
Metabolic Junctions of thiomin 

The active form of this vitamin is thiamin diphosphate (also called thiamin 
pyrophosphate), which acts as a coenzyme for three multi-enzyme com- 
plexes important in central energy-yielding metabolic pathways and in the 
metabolism of branched chain amino acids. It is also the coenzyme for trans- 
ketolase in the pentose phosphate pathway of carbohydrate metabolism. 

Thiamin deficiency 

Deficiency can develop rapidly during depletion. In defic~ency there is 
impaired entry of pyruvate into the tricarboxylic acid cycle, especially on a 
relatively high carbohydrate diet, which results in increased plasma concen- 
trations of lactate and pyruvate, which may lead to life-threatening acidosis. 
Thiamin deficiency can result in three distinct syndromes: a chronic periph- 
eral neuritis, dry beriberi, which may or may not be associated with heart 
failure and oedema; acute pernicious beriberi, in which heart failure and met- 
abolic abnormalities predominate, also called wet beriberi; and Wernicke's 
encephalopathy, associated especially with alcoholism. Dry beriberi is asso- 
ciated with a more prolonged, and presumably less severe, deficiency, with 
a generally low food intake, while higher carbohydrate intake and physical 
activity predispose to oedema and hence wet beriberi. 

Forms of thiamin in foods, and good food sources 

In foods, most thiamin is present as the diphosphate. Thiamin is present 
in many foods of plant and animal origin, although pork, nuts and fish are 
especially rich sources. 

Absorption and transport of thiamin 

Thiamin is absorbed by active transport in the duodenum and proximal jeju- 
num. There is active transport from the intestinal cells into the bloodstream; 
this is inhibited by alcohol, leading to thiamin deficiency in alcoholics. Much 
of the absorbed thamin is phosphorylated in the liver, and both free thiamin 
and thiamin monophosphate circulate in plasma, bound to albumin. All tis- 
sues can take up both thiamin and thiamin monophosphate, and are able to 
phosphorylate them to the active di- and triphosphates. 

Assessment of thiamin status and dietary requirements 

The activation of apo-transketolase in erythrocyte lysate by thiamin diphos- 
phate added in vitro is the most widely used index of thiamin nutritional 
status. An activation coefficient >1.25 is indicative of deficiency, and <1.15 is 
considered to reflect adequate thiamin nutrition. 

Thiamin requirements depend largely on carbohydrate intake. In prac- 
tice, requirements are calculated on the basis of total energy intake. For diets 



that are lower in fat, ancl hence higher in carbohydrate and protein, thiamin 
requirements will be higher. Depletion/repletion studies show that an intake 
of 0.3mg/l000kcal is required for a normal transketolase activation coeffi- 
cient and this is the basis of the current recommended intakes. 

Riboflavin - vitamin 8, 
Metabolic functions of riboflavin 

This vitamin is important in a wide variety of oxidation and reduction reac- 
tions central to all metabolic processes, including the mitochondria1 electron 
transport chain. The active forms of the vitamin are flavin adenine dinu- 
cleotide (FAD) and flavin mononucleotide (FMN). Riboflavin contributes 
to antioxidant defences through a role in the synthesis of glutathione, an 
important antioxidant. Riboflavin is also important in folate and vitamin B, 
metabolism, and may play a role in iron utilization. 

Riboflavin deficiency 

Low intakes of riboflavin and associated biochemical riboflavin deficiency 
are common in many regions of the world including affluent Western coun- 
tries. Clinically, deficiency is characterized by lesions of the margin of the 
lips and corners of the mouth and a painful desquamation of the tongue, 
so that it is red, and dry However, the functional significance of riboflavin 
deficiency in humans is not completely understood. Impaired fatty acid oxi- 
dation has been reported in animals but this has not been substantiated in 
humans. Altered gastrointestinal development and impaired iron absorption 
are features of riboflavin deficiency in animals and there is some evidence to 
suggest that this may also be important in humans, but research is ongoing. 

Forms of riboflavin in food and dietary sources 

Apart from milk and eggs, which contain relatively large amounts of free 
riboflavin, most of the vitamin in foods is as the flavin coenzymes, FAD and 
FMN, bound to enzymes. Liver, milk, meat and fish are good sources of ribo- 
flavin; some green leafy vegetables also provide significant amounts. About 
one-third of riboflavin in Western diets comes from milk and milk products. 

Absorption and transport 

FAD and FMN in foods are hydrolysed to riboflavin in the gastrointestinal 
tract and riboflavin is taken up into the gastrointestinal mucosa. Much of the 
absorbed riboflavin is phosphorylated in the intestinal mucosa, and enters 
the bloodstream as riboflavin phosphate. Free riboflavin and FAD are the 
main forms in plasma. Most riboflavin in tissues is as FAD or FMN, bound 
to enzymes. There is no evidence of any significant storage of riboflavin, and 
intake in excess of tissue requirements is excreted rapidly in the urine. 

Assessment of riboflavin status and dietary requirements 

On the basis of depletion/repletion studies, the minimum adult requirement 
is 0.5-0.8mg/day. Because of the central role of flavin coenzymes in energy 



yielding metabolism, refer,ence intakes are sometimes calculate

d 

on the basis 
of energy intake: 0.6-0.8mg/lOQOkcal (0.14-0.19mg/MJ). 

The most c o m o n l v  used method for determining riboflavin status is the 
activation of the erythrocyte enzyme gl~ltathione reductase by FAD added in 
vitro, known as EGRAC. With decreasing intakes of riboflavin EGRAC val- 
ues increase and values of about 1.40 and above are considered to indicate 
riboflavin deficiency 

Niacin 

Niacin is the generic term for the two compounds that have the biological 
activity of the vitamin, nicotinic acid and nicotinamide. Niacin is the precur- 
sor of the nicotinamide part of the coenzymes nicotinamide adenine dinu- 
cleotide (NAD) and its phosphorylated form NADP, whch are important as 
electron carriers in the metabolism of protein, carbohydrate and fat. In fact 
nicotinamide can be made from the amino acid tryptophan, and in developed 
countries, average intakes of protein provide more than enough tryptophan 
to meet requirements for NAD synthesis without any need for preformed 
niacin. It is only when tryptophan intake is inadequate that niacin becomes 
a dietary essential, such as in populations in which maize is the staple. 

Metabolic functions of niacin 

In general, NAD is involved as an electron acceptor in energy-yielding 
metabolism, and the resultant NADH is oxidized by the mitochondria1 elec- 
tron transport chain. The major coenzyme for reactions of biosynthesis is 
NADPH. NAD is also the precursor of messengers that act to increase the 
release of calcium from intracellular stores in response to hormones. 

Effects of niacin deficiency and excess 

Niacin deficiency can lead to the deficiency disease pellagra, which is charac- 
terized by a photosensitive dermatitis, like severe sunburn, affecting regions 
of the skin that are exposed to sunlight. Advanced pellagra is also accompa- 
nied by a 'dementia' or depressive psychosis, and there may be diarrhoea. 
Untreated pellagra is fatal. 

The synthesis of NAD from tryptophan requires both riboflavin and vita- 
min B6, and deficiency of either may lead to the development of secondary 
pellagra when intakes of tryptophan and preformed niacin are marginal. 

High intakes of niacin through supplements cause liver damage. Sustained 
release preparations are associated with more severe liver damage and clini- 
cal liver failure. 

Forms in foods and good food sources of niacin 

Meat and fish are good sources of preformed niacin and nuts and some fruits 
and vegetables provide significant amounts. Most of the niacin in cereals is 
biologicallji unavailable. Because synthesis of niacin from tryptophan is more 
important than dietary preformed niacin, foods that are good sources of pro- 
tein are also good sources of niacin. Total niacin intakes are calculated as mg 



niaciii equivalents: the sum of preformed niacin plus 1/50 of tryptophan (-the 
average equivalence of dietary tryptophan and niacin). 

Absorption and transport of preformed niacjn 

Niacin is present within cells largely as the nicotinamide coenzymes. Both 
nicotinic acid and nicotinamide are absorbed from the small intestine by a 
sodium-dependent saturable process. The coenzymes NAD and NADP are 
synthesized from these compounds in tissues. In the liver, NAD can be synthe- 
sized from tryptophan, and then hydrolysed to release nicotinamide, whch is 
exported to other tissues. 

Assessment of niacin status and dietary requirements 

There is no wholly satisfactory biochemical measurement of niacin status. The 
two methods in current use are measurement of blood nicotinamide nucle- 
otides and the urinary excretion of niacin metabolites. Because of the central 
role of the nicotinamide nucleotides in energy-yielding metabolism, niacin 
requirements are conventionally expressed per unit of energy expenditure. The 
average niacin requirement has been estimated to be 5.5rng/lOOO kcal (1.3mg/ 
MJ). Allowing for individual variation, reference intakes are set at 6.6mg niacin 
equivalents. The tolerable upper limit of niacin intake is 35mg/day for adults. 

Vitamin B6 

The term vitamin B6 includes six vitamers: the alcohol pyridoxine, the alde- 
hyde pyridoxal, the amine pyridoxamine and their phosphorylated deriva- 
tives. These vitamers are metabolically interconvertible, and have equal 
biological activity. 

Metabolic functions of vitamin B6 

Pyridoxal phosphate is involved in many reactions of amino acid metabo- 
lism, is a cofactor for glycogen mobilization, and plays a role in lipid metabo- 
lism and in steroid hormone action. Vitamin B6-dependent enzymes catalyse 
several types of reactions involving amino acids including transamination, 
which is central both to the utilization of amino acid carbon skeletons for 
gluconeogenesis or ketogenesis and also the synthesis of non-essential amino 
acids, and decarboxylation, to form a variety of biologically active amines 
such as the neurotransmitter serotonin (see chapter 4). 

As pyridoxal phosphate, vitamin B6 also plays a role in the control of 
the nuclear action of steroid hormones. In animals, vitamin B6 deficiency 
results in increased and prolonged nuclear uptake and retention of steroid 
hormones in target tissues, and enhanced end-organ responsiveness to low 
doses of hormones. 

Effects of vitamin B6 deficiency and excess 

Vitamin B6 is widely distributed in foods and is synthesized by intesti- 
nal flora so clinical deficiency is rare, although biochemical deficiency is 



reported in 10-20% of the population of developed co

un

tries. Although clini- 
cal and physiological effects of vitamin B6 deficiency in animals have been 
well-characterized there is relatively little documented about clinical defi- 
ciency ia humans, except for neurological abnormalities in acute deficiency 
Studies suggest that low vitamin B, status increases the risk of cardiovas- 
cular disease, probably independent of an associated elevation of plasma 
homocysteine. 

Vitamin B6 deficiency may result from the prolonged administration of 
drugs that antagonize the metabolism of the vitamin, such as penicillamine 
and the antitubercular drug isoniazid which reacts with pyridoxal phos- 
phate, making it unavailable. 

High dose supplements of vitamin B6 are consumed for a variety of con- 
ditions, including premenstrual syndrome, depression, morning sickness in 
pregnancy, hypertension and carpal tunnel syndrome, although the evidence 
of efficacy is slight. High doses of the vitamin, of the order of 100 times 
requirements, cause peripheral sensory neuropathy. 

Forms of vitamin B6 in foods and good food sources 

Meat, fish, potatoes and bananas are good sources of vitamin B6 and milk, 
nuts, beans and vegetables also make a useful contribution to dietary vita- 
min B6. All forms of the vitamin are found in foods but pyridoxal phosphate 
predominates. 

Absorption and transport of vitamin B6 

Phosphorylated forms of the vitamin are hydrolysed in the intestinal mucosa 
and the non-phosphorylated vitamers, pyridoxal, pyridoxamine and pyri- 
doxine, are all absorbed rapidly by carrier-mediated diffusion. Vitamin B6 is 
retained in tissues by conversion to pyridoxal phosphate. Pyridoxal and pyri- 
doxal phosphate constitute the main plasma forms of the vitamin, together 
with the oxidation product pyridoxic acid, which is excreted in the urine. 

Assessment of vitamin B6 status and dietary requirements 

Vitamin B, status is usually assessed from the measurement of plasma con- 
centrations of either total vitamin B6 or pyridoxal phosphate, or urinary pyri- 
doxic acid or as the activation coefficient of vitamin B6-dependent red blood 
cell enzymes. 

In view of the important role for vitamin B6 in amino acid metabolism, 
requirements for this vitamin can be expressed relative to protein intake. On 
the basis of depletion/repletion studies in adults, reference intakes for the 
UK population range from 8pg/g protein per day in infants to 15pg/g pro- 
tein per day in adults, which approximates to 0.2-1.5mg per day. 

Folates 

Folic acid derivatives function in the transfer of one-carbon fragments in a 
variety of reactions. The term folate includes a number of compounds with 



a common ring structure to which one or more glutamic acid residues are 
attached. The compotmds exist in two states of oxidation. 21 the reduced 
state the attachment of various one-carbon groups forms the biologically 
active coenzymes. The termfolic acid strictly only refers to the simplest, oxi- 
dized form, carrying a single glutamic acid residue. 

Metabolic functions of folate 

Folate is central to reactions involving the transfer of one-carbon units, in 
biosynthetic and catabolic processes. It plays an important role in the syn- 
thesis of purines and pyrimidines for nucleic acid synthesis, and acts as a 
methyl group donor to various substrates, including DNA. There is evidence 
that the role for folate in DNA methylation is important for gene expres- . 
sion and may Influence carcinogenesis. Folate plays a key role in the regu- 
lation of concentrations of the amino acid homocysteine in cells and in the 
plasma, through its conversion to methionine by methylation. This is import- 
ant because raised plasma homocysteine is considered to be a risk factor for 
cardiovascular disease. Certainly increasing folate intake will reduce plasma 
homocysteine levels, but the role for homocysteine in determining cardio- 
vascular disease risk is still uncertain. A commonly occurring polymorphism 
(see chapter 11) in the gene expressing methylenetetrahydrofolate reductase, 
which generates the methyl group essential for methylation of homocysteine, 
is associated with a reduced concentration of red blood cell and plasma 
folate and an increased plasma homocysteine concentration, particularly in 
people with low folate intake. 

Effects of folate deficiency and excess 

Low dietary intakes of folate are common in many countries of the world, in 
affluent countries as well as low-income countries. Folate status is also com- 
promised in patients using the drug methotrexate, an anti-cancer drug also 
used to treat rheumatoid arthritis and psoriasis. Deficiency results in mega- 
loblastic anaemia which involves the release into the circulation of immature 
red blood cells due to a failure of the normal process of maturation in the 
bone marrow. Deficiency is frequently accompanied by depression, insom- 
nia, forgetfulness and irritability, and sometimes cognitive impairment and 
dementia. Low folate status can lead to elevated plasma homocysteine levels 
and there is some evidence that low folate status may alter the methylation 
profile of DNA. 

Folate deficiency and neural tube defects 

The neural tube, which runs from the brain to the lower end of the spinal 
cord, normally closes in embryonic development in the tl-urd and fourth 
weeks after fertilization. A failure of this process leads to a range of severe 
fetal malformations collectively known as neural tube defects. There is 
evidence that low folate status in women increases the risk of neural tube 
defects in their offspring and that supplements of 400p,g/day of folic acid, 
begun before conception, significantly reduce risk. Women who are planning 
a pregnancy are advised to take folic acid supplements. 



Two groups of people arz at risk of adverse effects of high folic acid intakes 
that might result from widespread enrichmeni of foods with folic acid or 
indiscriminate >use of supplements. High intakes of folk acid may mask the 
development of vitamin BIZ deficiency, whch is prevalent among the elderly; 
t h s  increases the risk of the deficiency progressing to irreversible neurological 
damage. High intakes of folic acid also antagonize the anticonvulsants used in 
treatment of epilepsy, leading to an increase in fit frequency 

Forms of folate in food and good food sources 

All forms of folate can be present in foods, although folic acid only occurs 
as a food fortificant and it is in this form that folate is typically taken as 
a supplement. Folates are present naturally in a wide variety of foods; liver is 
an especially rich source, green leafy vegetables, beans, nuts and some fruits 
are also good sources. In some countries, including the USA, folic acid is 
added as a fortificant to flour and therefore many foods contain appreciable 
amounts of folate in this form. 

Absorption and transport of folote 

In the small intestine, folate polyglutamates are hydrolysed to the 
monoglutamate which is absorbed in the jejunum. Methyl-tetrahydrofolate 
(MeTHF) is the main form of the vitamin in the plasma and is taken up by 
tissues. Efficiency of absorption of folate from foods varies, such that folate 
in cereals is relatively poorly absorbed whilst that in milk appears to be 
well absorbed. Folic acid appears to be absorbed readily, although at single 
doses greater than about 200 pg it appears in the circulation in this form and 
there are suggestions that there may be adverse effects. Folate absorption 
is depressed in people who take the anti-inflammatory drug sulfasalazine, 
which is one reason why patients with inflammatory bowel disease often 
present with poor folate status. 

Assessment of folate status and daily requirements 

The plasma or red blood cell concentration of folate can be measured by 
protein-binding, radioimmunoassay, chromatography and microbiological 
assays but there is a lack of standardization of methodology Folate is incor- 
porated into red blood cells (erythrocytes) during their formation in the bone 
marrow, and does not enter the cells in the circulation to any significant 
extent. For h s  reason erythrocyte folate is generally considered to give an 
indication of folate status over 1-3 months (the lifespan of erythrocytes in the 
circulation is 120 days), rather than reflecting recent intake. Folate concentra- 
tion can also be measured in white blood cells. 

Because of the problems of determining the availability of the mixed 
folates in foods, reference intakes allow a wide margin of safety. Current 
reference daily intakes for the UK population range from 50pg in infants 
to 200pg in adults, with an increment of 100p,g during pregnancy Dietary 
reference values for Europe and USA are higher, rising to 400pg and 600pg 
respectively, in pregnancy 



Vitamin E3 12 

Various vitamers of vitamin BI2 exist, in wlhich different groups are attached 
to a central cobalt atom in the molecule; these are cyanocobalamin, hydroxo- 
cobalamin, methylcobalamin and adenosylcobalamin. 

Metabolic functions of vitamin BI2 

Vitamin B12 plays a role in the metabolism of methionine, fatty acids with an 
odd number of carbon atoms, and the amino acid leucine. In each case vita- 
min B12 acts as an enzyme cofactor. Its role in methonine metabolism is llnked 
with the conversion of folate from the Me form to tetrahydrofolate and 
therefore vitamin BI2 deficiency is associated with the 'trapping' of folate in its 
methylated form in cells, which can lead to secondary folate deficiency. 

Effects of deficiency and excess of vitomin BI2 

The involvement of vitamin BIZ in folate metabolism is the basis of the meg- 
aloblastic anaemia that can develop during depletion, which, as we have 
seen, is also a feature of folate deficiency. Megaloblastic anaemia of vitamin 
B12 deficiency is known as pernicious anaemia, and is associated with spinal 
cord degeneration and peripheral neuropathy; t h s  is because vitamin BIZ is 
essential for m a k g  the fatty myelin sheath that covers nerve fibres. Vitamin 
B,, deficiency is commonly due to poor absorption because of a failure to 
secrete intrinsic factor (IF) into the stomach, as this compound is essential for 
absorption. Pernicious anaemia is most common among the elderly, among 
whom it is typically treated with vitamin BI2 injections. 

There is no evidence of adverse effects of high oral doses of vitamin B12. 

Forms of vitamin BI2 in foods and good food sources 

Vitamin B12 is found only in foods of animal origin, there are no plant 
sources. &ch sources include liver, fish and meat. 

Absorption and transport 

The major route of vitamin BI2 absorption is by way of binding to intrin- 
sic factor, a glycoprotein secreted by cells of the gastric mucosa. There is an 
increased likelihood of impaired absorption in the elderly due to atrophic 
gastritis, which can lead to impaired secretion of intrinsic factor. The vita- 
min B12-intrinsic factor complex is absorbed from the ileum into the mucosal 
cells. lnside the mucosal cells, the vitamin is released from IF and is bound 
to a protein carrier called transcobalamin, for transport into the bloodstream. 
The vitamin-transcobalamin complex is taken up from plasma by tissues, 
after which the vitamin is released as hydroxocobalamin, and converted to 
other vitamers. Vitamin BIZ undergoes entero-hepatic circulation, in which 
the vitamin is secreted in the bile and reabsorbed in the intestine. 

Assessment of vitamin BI2 status and dietary requirements 

Vitamin B12 status is usually determined by measuring plasma total vitamin 
BIZ, although there is general agreement that it does not always adequately 



reflect tissue depletion, especially in people with impaired renal function. 
Plasma holotranscobalamin (transcobalamin saturated with vitamin B,,), is 
currently under s c r u b y  as a marker of vitamin BI2 status. NIethylmalonic 
acid accumulates in cells during vitamin BIL depletion because of a block in 
a metabolic pathway, and plasma and urinary concentrations of this com- 
pound offer potential as functional markers of deficiency 

Reference nutrient intakes have been set at between 0.3-1.5pg per day 
from infancy to adulthood, for the UK population, compared with an aver- 
age intake of some 5 pg/day by non-vegetarians in most countries. 

Vitamin C (ascorbic acid) 

Vitamin C is a dietary essential for only a limited number of vertebrate spe- 
cies: human beings and the other primates, the guinea pig, bats, some birds 

I. 
and fishes. 

Metabolic functions of vitamin C 

Vitamin C contributes to the synthesis of collagen and the catecholamines 
noradrenaline and adrenaline through its role as a cofactor in enzyme- 
catalysed reactions. The presence of ascorbic acid in a meal containing non- 
haem iron can significantly affect iron absorption, through reduction from the 
ferric to ferrous form, and binding of the iron. Tlus reducing effect appears 
also to be important in mobilizing iron from the plasma iron transport protein, 
transferrin. The vitamin can protect cells from damage caused by free radicals 
because it can react with such radicals and convert them to less damaging spe- 
cies. Ascorbic acid is also thought to reduce the vitamin E radical a-tocopher- 
oxyl, formed in cell membranes and plasma lipoproteins during the oxidation 
of vitamin E, so sparing vitamin E. However, it can also increase the rate of 
production of free radicals, via a chemical reduction of transition metals like 
iron or copper. The normally lugh concentration of vitamin C in whte  blood 
cells probably contributes to an appropriate inflammatory response to stress 
wlulst minimizing oxidant damage to surrounding tissue. 

Vitamin C deficiency and excess 

Various biochemical and clirucal changes result from vitamin C depletion, even- 
tually resulting in the deficiency disease scurvy. Deficiency is associated with 
tiredness and general malaise, and is often accompanied by anaemia. In scunry, 
slun changes reflect effects on collagen synthesis, and include haemorrhage of 
the gum capillaries and poor wound healing. High dose supplements of vita- 
min C can lead to unabsorbed ascorbate in the intestinal lumen, which becomes 
a substrate for bacterial fermentation, and can be associated with diarrhoea. 

Forms in foods and good food sources 

Ascorbic acid is the physiologically important form of the vitamin. It can oxi- 
dize to dehydroascorbic acid but this retains biological activity because it can 
be reduced to ascorbic acid. Fruits and vegetables are rich sources of ascor- 
bate; blackcurrants and guava provide about five times the reference intake 
in a single serving, and potatoes are an important source in many countries. 



Absorptjon and Zronrpor-r of vitamin % 

Ascorbate ancl dehydroascorbate are both absorbed by the duodenum and 
up to 90% of the vitamin can be absorbed from usual dietary intakes. The 
vitamin is carried in the red blood cells and plasma predominantly as ascor- 
bic acid, in comparable concentrations, but white blood cells concentrate the 
vitamin and can have extremely h g h  concentrations. 

Ascorbate is excreted quantitatively with increasing intake once the renal 
threshold has been exceeded. Additionally, use of the antibiotic tetracycline 
is associated with increased urinary excretion of vitamin C and a fall in 
plasma concentration. 

Assessment of vitamin C status and reference intakes 

Vitamin C status is generally assessed by measuring plasma and white blood 
cell concentrations of the vitamin. At intakes above about 100mg/day the 
plasma concentration of ascorbate reaches a plateau and urinary excretion 
increases. The reference nutrient intake for the UK population ranges from 
25mg/day in infancy to 40mg/day in adults, with an increment of 10mg in 
pregnancy. Recommended intakes are higher in the USA (up to 90mg/day 
in adults). 

Pantothenic acid 

Pantothenic acid has a central role in energy-yielding metabolism as the 
functional group of a compound called coenzyme A (CoA), which is impor- 
tant in a wide variety of reactions. It is also essential for fatty acid synthesis 
through its function in acyl carrier protein. Pantothenic acid is widely dis- 
tributed in all food-stuffs and it is absorbed throughout the small intestine. 
Intestinal bacterial synthesis contributes to intake. 

There are no generally used functional tests of pantothenic acid status. 
From the limited studies that have been performed it is not possible to estab- 
lish requirements for pantothenic acid. Average intakes in adult populations 
are 2-7mg/day. 

Biotin 

Biotin occurs in a wide variety of foods and deficiency has only been 
reported in individuals consuming large amounts of uncooked egg white, 
which contains a biotin antagonist. Dietary deficiency of biotin sufficient to 
cause clinical signs is extremely rare in humans. 

Metabolically, biotin is of central importance in lipogenesis (fat synthesis) 
and gluconeogenesis (glucose synthesis), acting as the coenzyme for enzyme- 
catalysed reactions. In addition, it induces the synthesis of a number of key 
enzymes of glycolysis and gluconeogenesis. 

There is little information concerning biotin requirements, and no evi- 
dence on which to base recommendations. Average adult intakes range 
between 15-70pg/day. The safe and adequate range of intakes is set at 
10-200 ~g /day .  



KEY POINTS 



5.3 FAT-SOLUBLE ViTAMiNS 
.A - - 
Vitamin A 

The term vitamin A includes two groups of compounds; pre-formed vitamin 
A, which include retinol, retinaldehyde and retinoic acid, and a variety of 
carotenoids which can be converted to retinal. The most important of the pro- 
vitamin A carotenoids in humans are a- and p-carotene, and cryptoxanthin. 

Metabolic functions of vitamin A 

Vitamin A has four metabolic roles: as the prosthetic group of the visual pig- 
ments, as a modulator of gene expression, as a carrier of mannosyl units in 
the synthesis of glycoproteins, which are important in cell-to-cell interac- 
tions, and in the post-translational modification of proteins, with effects on 
protein function. 

Retinaldehyde in vision 

Vitamin A is important for vision. In the retina retinaldehyde binds to the 
protein opsin, forming the light sensitive pigment rhodopsin. The absorp- 
tion of light by rhodopsin results in a change in the configuration of the 
retinaldehyde, together with a conformational change in opsin. This results 
in both the release of retinaldehyde from the protein and the initiation of a 
nerve impulse. In vitamin A deficiency, both the time taken to adapt to dark- 
ness and the ability to see in poor light are impaired. 

Genomic actions of retinoic acid 

Retinoic acid has both a general role in growth and a specific role in devel- 
opment and tissue differentiation. These functions are the result of effects of 
vitamin A in the nucleus, leading to alterations in gene expression. Both defi- 
ciency and excess of retinoic acid cause severe developmental abnormalities. 
In the nucleus there are two groups of receptors whch  bind different iso- 
mers (same molecular formula but different spatial arrangement of atoms) 
of retinoic acid, the retinoic acid receptor (RAR) family and the retinoid X 
receptor (RXR) family. The receptor-retinoic acid complexes can influence 
gene expression through effects on protein synthesis, specifically at the level 
of transcription. They can act to increase or to repress gene expression. They 
are also known to act in association with the vitamin D receptor so there is 
some interaction between vitamin A and vitamin D in altering gene expres- 
sion. This activity underpins the role of these vitamins in determining dif- 
ferentiation of monocytes into immune system cells, and both vitamins 
therefore are important in immune function. 

Antioxidant action 

Because of their extended system of conjugated double bonds, carotenoids 
have antioxidant activity in vitro and in lipoproteins ex vivo. This antioxi- 
dant potential may contribute to the protective effects of diets rich in fruits 
and vegetables against certain cancers and cardiovascular disease. However, 
the antioxidant properties of carotenoids depend upon a low oxygen concen- 
tration and at high oxygen concentration carotenoids may autoxidize and act 



as yro-oxidants. This may explain why evidence from randomized controlled 
trials shows that very high doses of 0-carotene may increase the risk of lung 
cancer, especially in heavy smokers. 

Effects o j vitamin A deficiency and excess 

Vitamin A deficiency is recognized as a public health problem in 100 coun- 
tries and is widespread in the tropics. It is largely responsible for the global 
annual toll of 0.5 million new cases of preventable blindness. The cumulative 
effects of retinol deficiency on the epithelia of the surface of the eye explain 
the progressive signs of xerophthalmia, the term used to describe blindness 
of vitamin A deficiency. Night blindness, the inability to see in dim light, is 
an early sign of vitamin A deficiency. The action of vitamin A in promoting 
mucous secretion in the respiratory tract and gut explains its protective effect 
in acute respiratory infection, including measles, and in diarrhoea1 disease. 
Vitamin A deficiency is also associated with a reduction in the number and 
cytotoxic activity of T lymphocytes. A mild infection such as measles often 
triggers the development of xerophthalmia in children whose vitamin A 
status is marginal. 

Vitamin A supplements can reduce the severity of diarrhoea and several 
large community trials have shown a reduction in overall mortality in popu- 
lation groups with poor vitamin A status. 

Vitamin A is both acutely and chronically toxic. Acutely, large doses of 
vitamin A (in excess of 300mg in a single dose to adults) cause nausea, vom- 
iting and headache, which disappear within a few days. After a very large 
dose there may also be itching and exfoliation of the skin, and extremely 
high doses can prove fatal. Single doses of 60mg of retinol are given to chil- 
dren in developing countries as a prophylactic against vitamin A deficiency. 
About 1% of children so treated show transient signs of toxicity, but this is 
considered to be acceptable Tn view of the considerable benefit of preventing 
xerdphthalmia. The chronic toxicity of vitamin A is a more general cause for 
concern. Prolongedand regular intake of more than about 7500-9000 ~ g / d a y  
by adults (and significantly less for children) causes signs and symptoms of 
toxicity affecting the skin, central nervous system, liver and bones. Synthetic 
retinoids used to treat dermatological conditions are highly teratogenic 
(increase the risk of birth abnormalities), and there is concern that retinol 
might be also, so pregnant women are advised not to take supplements con- 
taining vitamin A without medical advice. Carotenoids, in contrast, do not 
cause hypervitaminosis A, because of the limited conversion to retinol. 

Forms and good food sources 

Liver, full-fat dairy produce, fortified margarine, oily fish and kidneys are 
good sources of retinol. Pro-vitamin A carotenoids are found only in plant 
foods. Good dietary sources of carotenoids are dark green, yellow, red 
and orange fruits and vegetables. The total vitamin A content of foods is 
expressed as pg retinol equivalents, being the sum of that provided by retin- 
oids and carotenoids - 6 ~ l g  of p-carotene is currently taken to be 1 pg retinol 
equivalent. 



Absorption and transport of vitamin A 

The important point about vitamin A absorption is that it is absorbed with 
f a t  in chylomicrons, as both retinoids and carotenoids, passes into the lymph 
system and from there into the plasma. Drugs that inhibit fat absorption, 
such as anti-hyperlipaemic drugs, can also interfere with the absorption of 
vitamin A. A proportion of pro-vitamin A carotenoids is converted to reti- 
no1 in the intestinal mucosa before being incorporated into chylomicrons for 
absorption. Retinol absorption is reasonably .efficient but the absorption of 
carotenoids less so and as little as 5% in food may be absorbed, depending 
upon the nature of the meal. 

Vitamin A is stored in the liver in the form of retinyl esters (retinol linked 
with a fatty acid). Vitamin A will be released from the liver when necessary; 
it binds to retinol binding protein (RBP) which then forms a complexwith 
the thyroid hormone binding protein, transthyretin. It is in this form that 
retinol is transported to other tissues for use. 

Assessment of vitamin A status and dietary requirements 

Despite certain limitations in the usefulness of plasma retinol as a measure of 
vitamin A status this remains the most commonly used method for assessing 
status. Plasma retinol concentration remains constant over a wide range of 
intakes because the liver-stores release retinol when necessary. It is therefore 
only useful as a measure of vitamin A status when liver-stores are low, so is 
dormative only in populations with habitually low intakes or following a 
period of low intakes. Additionally, in response to infection plasma retinol falls, 
regardless of vitamin A intakes or liver-stores, further limiting the usefulness of 
this measurement. The relative dose response (RDR) test is more sensitive but 
more difficult and time-consuming. m s  is a test of the ability of a dose of vita- 
min A to raise the plasma concentration of retinol several hours later. 

Reference nutrient intakes have been set at 600-700pg retinol equiva- 
lents daily for adults in the UK, and there is reasonable consistency across 
countries. 

Vitamin D 

Vitamin D is not strictly a vitamin because it can be synthesized in the skin. 
Cholecalciferol is both the usual dietary form and the form of vitamin D syn- 
thesized in the skin by UV irradiation of the precursor, 7-dehydrocholesterol. 
Dietary sources of vitamin D are generally relatively unimportant compared 
with endogenous synthesis (Fig 5.1). 

Metabolic functions of vitamin D 

The main physiological function of vitamin D is to maintain calcium balance. 
Calcitriol is formed from cholecalciferol, and maintains the plasma concentra- 

0 excre- tion of calcium by increasing intestinal absorption of calcium, reducin, 
tion by increasing reabsorption in the distal renal tubule, and mobilizing the 
mineral from bone. Calcitriol regulates the expression of many genes, through 
binding to and activating nuclear receptors that modulate gene expression. Ths  



Figure 1 . 1  Schematic view of vitamin D metabolism. 

nuclear activity may explain many of the effects of vitamin D, including effects 
on the secretion of i n s u h  and the synthesis and secretion of parathyroid and 
thyroid hormones. Calcitriol promotes maturation and differentiation of vari- 
ous cell types including lymphocytes and monocytes, with associated effects on 
immune function. It also influences the rate of proliferation and differentiation 
of various cancer cell types in vitro and h s  may explain epidemiological data 
suggesting a protective effect of vitamin D against prostate cancer. 

There is evidence that vitamin D suppresses development of the main 
cells of adipose tissue (adipocytes) and thereby helps to protect against 
atherosclerosis. 

Effects of vitamin D deficiency and excess 

Deficiency of vitamin D can lead to rickets in children and osteomalacia in 
adults. Rickets results from a failure of the mineralization of newly formed 
bone, which, as the chld grows, leads to bow legs or knock knees, as well as 
deformity of the pelvis. Similar problems may develop during the adolescent 
growth spurt. Osteomalacia is the defective remineralization of bone during 
normal bone turnover in adults, leading to progressive demineralization and 
skeletal deformities. Women with inadequate vitamin D status are especially 
at risk of osteomalacia after repeated pregnancies and the elderly are at risk 
of osteomalacia because of decreased synthesis of 7-dehydrocholesterol in 
the skin with increasing age and low exposure to sunlight. Osteoporosis is a 
loss of bone mineral and matrix with age. Although it is not primarily due to 
a deficiency of vitamin D it is responsive to vitamin D supplements. 

High intakes of vitamin D can lead to weakness, nausea, loss of appetite, 
headache, abdominal pains, cramp and diarrhoea and, more seriously, hyper- 
calcaemia, which can result in hypertension. Hypervitaminosis also results in 
increased uptake of calcium into tissues, leading to the calcification of soft 
tissues, including the heart. 

Forms in foods and good food sources 

Vitamin D is found in foods in two forms, cholecalciferol (vitamin D3), which 
is formed in the skin, and ergocalciferol (vitamin D2), which is sometimes 



used as a fortificmt. Goocl dietary sources of cholecalciferol include oily fish 
and eggs, and there is a modest amount in full fat milk products and liver. In 
many countries margarine, and sometimes also milk, is fortified with ergo- 
calciferol. No common plant foods contain vitamin D. 

Absorption, transport and metabolism of vitamin D 

Dietary vitamin D is absorbed in chylomicrons and taken up by the liver. As 
for vitamin A, absorption is impaired by anti-hyperlipaemic drugs. Vitamin D 
synthesized in the skin is bound to a plasma binding protein and is metabo- 
lized more gradually Cholecalciferol and its active metabolites (calcidiol, cal- 
citriol and 24-hydroxycalcidiol) are all transported bound to the same plasma 

. 

binding protein. Cholecalciferol is transported in plasma lipoproteins as well. 
Vitamin D is converted to calcidiol (25-hydroxycholecalciferol) in the liver, 
which is the main circulating form of the vitamin, and this form is metabo- 
lized further, malnly to calcitriol(1,25-d~hydroxycholecalciferol) in the kidney. 

Vitamin D metabolism is regulated largely by the state of calcium balance. 
When plasma calcium levels fall parathyroid hormone secretion increases, 
which influences activities of the vitamin D metabolizing enzymes so as to 
increase circulating calcitriol. This drives an increase in plasma calcium. 

Because of the low intensity radiation during the winter in temperate 
regions plasma concentrations of vitamin D usually show a marked fall and 
dietary sources become more important. 

Assessment of vitamin D status and dietary requirements 

The plasma concentration of calcidiol is the most sensitive index of vitamin 
D status. It shows a profound variation with season in temperate regions. 
Very low concentrations of plasma calcidiol are associated with clinical signs 
of rickets. Vitamin D status is determined mainly by exposure to sunlight 
and for this reason there are no reference intakes for adults in the UK. The 
reference intake for the elderly, who are more at risk of low sunlight expo- 
sure, has been set at 10 p,g per day. 

Vitamin E 

There are eight vitamers of vitamin E, four tocopherols which have a satu- 
rated side-chain, and four tocotrienols, which are unsaturated. 

Metabolic functions of vitamin E 

The best-established function of vitamin E is as a lipid-soluble antioxidant, 
important for preventing oxidation of lipid in membranes and lipoproteins. 
Vitamin E (as a-tocopherol) reacts with a lipid peroxide radical to Inhibit the 
process of lipid peroxidation; when this happens the tocopheroxyl radical is 
formed. This can be reduced back to a-tocopherol by reaction with ascorbate, 
glutathione or other lipid-soluble antioxidants. In the absence of co-antioxidants 
the tocopheroxyl radical persists and causes further oxidant damage. Thus, 
vitamin E can also have a pro-oxidant action. Despite the known antioxidant 



potential of a-tocopherol *.ere is little convincing evidence from intervention 
trials that supplements reduce risk of cancer, c

ar

diovascular or neurodegenera- 
tive diseases. 

a-Tocopherol, but not the otb.er vitamers, has a role in modulation of gene 
expression and regulation of cell proliferation. it modulates transcription 
of a number of genes, including the scavenger receptor for oxidized LDL in 
macrophages and smooth muscle. Additionally a-tocopherol inhibits platelet 
aggregation and vascular smooth muscle proliferation. In animal models it 
has a role in i m m ~ ~ n e  function and there is evidence that the same may be 
true in humans but this has not been well established. 

Vitamin E deficiency and excess 

Functional effects of dietary vitamin E deficiency in humans are rare, presum- 
ably because tissue concentrations are generally adequate. Deficiency does 
develop in patients with severe fat malabsorption and in two groups of patients 
with rare genetic diseases that impair VLDL synthesis or vitamin E export from 
the liver. These patients develop severe neurological abnormalities. 

Vitamin E deficiency may also occur in premature infants, in which case it 
is associated with haemolytic anaemia. Vitamin E has very low toxicity, and 
very high intakes are necessary before adverse effects are observed. The tol- 
erable upper level is set at lOOOmg/day. 

Forms in food and rich food sources 

Tocotrienols occur in foods as both the free alcohols and as esters whilst toco- 
pherols occur naturally as the free alcohols. Oily fish, nuts and seeds (and 
hence vegetable oils), beans and green leafy vegetables are rich sources of 
vitamin E. 

Absorption and transport of vitamin E 

Vitamin E is absorbed in micelles with dietary fat. Esters of vitamin E are 
hydrolysed in the small intestine prior to absorption. In intestinal mucosal 
cells, all vitamers of vitamin E are incorporated into chylomicrons, which 
carry the vitamin to the liver. The liver exports vitamin E as a-tocopherol 
incorporated into very low density lipoprotein (VLDL). The other vitamers 
are not incorporated into VLDL, but are metabolized in the liver and excreted. 
VLDL carries the vitamin E to tissues for uptake. 

Assessment of vitamin E status and dietary requirements 

The most commonly used index of vitamin E nutritional status is the plasma 
concentration of a-tocopherol, best expressed relative to plasma cholesterol 
or plasma total lipids. Neither the UK nor Europe has set reference intakes 
for vitamin E due to inadequate evidence. Vitamin E requirements are con- 
sidered to increase with increasing intakes of polyunsaturated fatty acids, 
whch  oxidize readily, and therefore 0.4mg a-tocopherol/g PUFA has been 
set as a safe intake. 



Vitamin K 

There are two naturally occurring vitamers, phylloquinone from plants (vita- 
min K1) and bacterial menaquinones (vitamin Kz). The synthetic compounds 
menadione and menadiol are vitamin K3. 

The metabolic functions of vitamin K 

The main metabolic function of vitamin K is as the coenzyme in the carboxy- 
lation of glutamate residues in proteins to yield y-carboxyglutamate (often 
referred to as Gla), whch is important in four proteins involved in clotting, 
including prothrombin. In addition, Gla is contained in proteins found in 
bone, the kidney cortex, atherosclerotic plaque, the inter-membrane space 
of mitochondria, the central nervous system, and in a number of proteins 
involved in cell signalling. 

Vitamin K deficiency 

Because vitamin K is essential for the normal synthesis of blood clotting pro- 
teins, a deficiency leads to impaired blood clotting. This can be measured as 
the length of time it takes for blood to form a clot, known as the prothrombin 
time. Osteocalcin synthesis is similarly impaired, and there is evidence that 
under-carboxylated osteocalcin is formed in people with marginal intakes 
of vitamin K despite showing no impairment of blood clotting factors. 
Treatment with warfarin or other anticoagulants during pregnancy can lead 
to bone abnormalities in the fetus, which is due to impaired synthesis of 
osteocalcin. Newborn infants have low plasma levels of prothrombin and the 
other vitamin K dependent clotting factors. It is usual to give all new-born 
infants prophylactic vitamin K, either orally or by intramuscular injection. 

Assessment of vitamin K status and dietary requirements 

The usual method of assessing vitamin K status is to measure the pro- 
thrombin time, which is a marker of clot formation. Dietary reference values 
have not been set for the UK or Europe but both suggest that 1 bg/kg body 
weight represents a safe and adequate intake. 



5.4 MINERALS A N D  TRACE ELEMENTS 

This section deals with the key minerals and trace elements essential to a 
number of important biochemical and physiological functions in the body. 
The focus is placed on dietary sources of the various minerals and their 
homeostatic regulation in the body The major metabolic functions and con- 
sequences of deficiency and excess are also considered. 

Calcium and phosphorus 

Calcium is the most abundant mineral in the body, the majority of which is 
contained within the adult skeleton in the form of hydroxyapatite, a complex 
crystalline form of calcium phosphate, Calo(P04)6(0H),. 

Functions of calcium and phosphorus 

The major function of both calcium and phosphorus is in the formation of the 
major inorganic bone component, hydroxyapatite. The rate of calcium depo- 
sition is high during skeletal development. 



Both calcium and phosphorus are both important in cell signalling. 
Changes in the concentration of intracellular calcium play a role in a range 
of cellular responses including cell division, motility, contraction, and endo- 
cytosis. Phosphorus is also importan~t in cell signalling because phosphoryla- 
tion or dephosphorylation is a common mechanism fos either activating or 
deactivating enzymes. 

Calcium is an essential component of the blood clotting process and phos- 
phorus is a component of ATP, and thereby plays a central role in energy 
metabolism. 

Calcium and phosphorus homeostasis 

Plasma calcium levels are tightly regulated by the action of parathyroid hor- 
mone (PTH) and calcitriol, which increase plasma calcium, and calcitonin, 
produced in the thyroid gland, which promotes calcium excretion (Fig 5.2). 
PTH is released in response to a decrease in plasma calcium levels and has 
several actions, including promoting the synthesis of calcitriol (1,25(OH)* 
D3) which in turn stimulates intestinal calcium absorption (see section 5.3). 
In addition, PTH (and vitamin D3) promotes bone resorption and increases 
renal calcium reabsorption. Thyroid synthesis of calcitonin is promoted in 

PTH secretion 
(parathyroid glands) 

I 

Calcium mobilization 4 Calcium absorption 4 Reabsorption of calcium 4 
Phosphorus mobilization 3- Phosphorus absorption 4 Excretion of phosphorus 4 

Figure 5.2 Regulation of serum calcium. 



response to elevated plasma calcium levels and release of t h s  hormone acts 
to antagonize the effects of PTH, to lower plasma calcium. 

As a consequence of bone resorption induced by PTH and vitamin D3, 
plasma phosphate levels also rise. The excess phosphate is excreted via the 
kidney. 

Effect of deficiency and excess 

Although plasma concentration of calcium is highly regulated a continual 
low intake of calcium will cause a severe decrease in bone mass and this, 
together with a number of other factors, contributes to an increased risk of 
osteoporosis (see chapter 9). Evidence for calcium toxicity is rare. High dose 
calcium supplements can interfere with iron absorption but there is little evi- 
dence for long-term effects on iron status in people taking such supplements. 

Phosphorus is found in almost all foods and absorption is good so defi- 
ciency is extremely rare. Toxicity associated with high phosphorus intakes is 
only likely to be a problem when calcium intakes are low. Elevated phospho- 
rus intakes manifest themselves as an increase in plasma phosphate concen- 
tration, which is thought to be a risk factor for a decrease in bone mass. 

Forms in food and food sources 

The most important dietary sources of calcium in the western world are 
milk and other dairy products including yoghurt, cheese and ice cream. 
Phosphorus is also abundant in these products. About one-quarter of dietary 
calcium and phosphorus in Western countries comes from cereals and veg- 
etables but this value is much higher in developing countries. Carbonated 
soft drinks are often rich in phosphates. Meat and fish are reasonably good 
sources of calcium and good sources of phosphorus. 

Calcium is largely present in foods as simple organic and inorganic salts; 
dietary phosphorus occurs in several forms including inorganic phosphate, 
organic phosphoproteins, phosphorylated sugars, sugar alcohols (eg phytate) 
and phospholipids. 

Absorption and transport 

Intestinal calcium absorption occurs via both active transcellular and pas- 
sive paracellular pathways. Both dietary calcium and circulating calcitriol 
are important regulators of calcium absorption by the transcellular route. 
Phosphate absorption is regulated by long-term changes in dietary phospho- 
rus content and body phosphorus status but there may also be a regulatory 
role for calcitriol (1,25(OH)2D3) in controlling dietary phosphate absorption. 

Calcium absorption is fairly constant across the range of dietary sources. 
Dietary phytate, found in cereals, is the most important inhibitor of calcium 
absorption. Phosphorus is absorbed very efficiently, always as inorganic 
phosphate following the action of phosphatase on organic phosphates. 

Almost all of the calcium in the body is found in mineralized tissues such 
as the bones and teeth, mainly as hydroxyapatite, a complex form of calcium 
phosphate, Ca10(P04)6(OH)2. The remainder is found inblood and extracellular 



fluid. Plasma calcium concentration is tightly regulated. Similarly the majority 
of phosphorus in the body is found in bone, with the remainder found in 
the soft tissues and blood largely as phospholipids, phosphoproteins, and 
nucleic acids as well as inorganic phosphate, 

Status assessment and dietary requirements 

Plasma calcium is highly regulated and therefore of no value as a biomar- 
ker of status. Measures of bone mass such as bone mineral content and bone 
mineral density have proved to be useful indicators of body calcium status. 
Phosphorus status is assessed by measuring plasma concentration. 

Reference nutrient daily intakes for calcium for the UK and European 
populations range from 525mg to lOOOmg depending upon age and gender, 
with an increment during breastfeeding. Except during infancy, values have 
been set somewhat higher for the USA. Reference nutrient intakes for phos- 
phorus range from 400mg to 750mg for the UK and European populations, 
and again values have been set generally higher for USA. 

lron 

Iron is an essential trace metal and has numerous biochemical roles in the 
body, including oxygen binding in haemoglobin and as an important cata- 
lytic centre in many enzymes. However, in excess, iron is extremely toxic 
to cells and tissues due to its ability to generate oxygen radicals. More than 
2 billion people worldwide suffer from iron deficiency anaemia, making this 
the most common nutritional deficiency syndrome. 

Functions of iron 

lron in energy metabolism 

As a component of haem, iron is central to the oxygen carrying and oxygen 
transfer activity of red blood cells and muscle cells. Intracellular energy pro- 
duction from fuel molecules is also lughly dependent upon iron, because it 
is a component of a number of key enzymes in energy metabolism. Haem- 
containing enzymes include the cytochromes, important in the electron 
transport chain. Iron is present in the non-haem form in other enzymes 
involved in energy metabolism such as succinate dehydrogenase, important 
in the tricarboxylic acid (TCA) cycle. 

lron as an antioxidant and pro-oxidant 

Iron contributes to antioxidant mechanisms because it is a component of cat- 
alase and peroxidase, antioxidant enzymes that reduce hydrogen peroxide. 
However, there is clear evidence that iron that is not tightly bound to pro- 
teins can also contribute to the production of free radicals, and this is one of 
the dangers of iron overload. 

Immune function 

Iron seems to play a dual role in immune function. It is an important fac- 
tor in a number of immune responses including lymphocyte activation and 



proliferation, and hence cell-mediated immunity may be compromised by 
iron deficiency. Several studies have shown reduced T-cell function in people 
with iron deficiency. However, iron is also a g r o ~ ~ t h  promoter for micro- 
organisms, and iron overload can predispose to infection. 

Effects of iron deficiency and overload 

The earliest signs of iron deficiency in otherwise healthy individuals is 
reduced iron stores, seen as low serum ferritin. Anaemia develops when 
there is insufficient iron available for the developing red cells, which in con- 
sequence become small and pale. Iron deficiency is treated with oral iron as a 
ferrous salt. 

Anaemia 

Iron deficiency is the most important cause of anaemia worldwide. The worst 
affected areas include Sub-Saharan Africa, South and South-East Asia and 
the West Pacific. Iron deficiency is also associated with a poor diet in affluent 
western countries (see also chapter 8). Work performance, particularly physi- 
cal work capacity, is impaired in anaemia and this can have a serious impact 
on the economy of communities. Iron is also active in neurotransmitter sys- 
tems in the brain and the effects of deficiency depend on the maturity of the 
affected individual. Children with iron deficiency in infancy demonstrate 
delay in developmental milestones with 'catch up' after iron repletion. 

Hoernochrornatosis 

The majority of cases of primary iron overload are accounted for by the 
genetic disease haemochromatosis, which leads to unregulated iron absorp- 
tion. The condition leads to the deposition of iron in tissues, especially in the 
liver, with associated tissue damage. 

Forms in food and food sources 

Iron is present in food in the form of haem, found in meat and meat prod- 
ucts, or non-haem, found in other foods. In industrialized countries about 
10% of dietary iron is in the haem form, whereas in developing countries 
almost all dietary iron is as non-haem iron, present as iron oxides and salts 
as well as more complex organic chelates. 

Cereals make an important contribution to iron intake throughout the 
world. In the UK most are fortified with iron and many breakfast cereals and 
infant foods are also fortified with iron. 

Absorption and metabolism 

Bioavailability 

Dietary non-haem iron absorption is influenced by several dietary factors as 
well as the iron status of the individual, and the overall bioavailability is low. 
Some dietary factors enhance absorption, the most important being vitamin 
C, as ascorbic acid, although citric acid is also effective. Meat and fish con- 
sumed with non-haem iron also enhance its availability, possibly through 



effects of specific amino acids. Phytates, found in cereal products, and phe- 
nolic compounds (such as tannins in tea and red wine) lnhibit the absorption 
of non-haem iron. Haem iron has a much higher bioavailability than non- 
haern iron, being relatively little influenced by other dietary factors. 

Absorpt~on 

Both haem and non-haem iron are absorbed in the duodenum, but by dif- 
ferent mechanisms. Haem is absorbed intact and the iron is removed once 
inside the enterocyte. Non-haem iron is preferentially absorbed in the 
reduced (ferrous) form and therefore dietary iron in the ferric form is first 
reduced in the lumen, mainly by dietary reducing agents such as ascorbic 
acid. Once in the enterocyte iron can either be stored as ferritin when the 
body stores are replete, or can leave the cell and be loaded onto transferrin 
for transport in the plasma and delivery to tissues. 

Transport and homeostasis 

Iron is transported in the plasma bound to the protein transferrin (Fig 5.3). 
The body iron content of a healthy adult is about 3-5 g and about 75% of this 
is found in the red blood cells, as haemoglobin, or in the site of their produc- 
tion, the bone marrow. Iron is also present in myoglobin in muscle cells, and 
a small amount is present as an essential component of some enzymes. Iron 
is stored in the liver, as ferritin and haemosiderin. 

The body has three basic mechanisms for maintaining iron homeosta- 
sis: (1) continuous re-utilization of iron recovered from senescent red blood 
cells; (2) regulation of intestinal iron absorption to match body iron status; 
(3) storage and mobilization when appropriate. Iron losses are restricted to 
that stored in cells shed from the lining of the gastrointestinal and urinary 
tracts, skin and hair, and losses through bleeding. 

Diet Tissue utilization 

Reticuloendothelial 

Bone marrow 

Faeces 2-3 g Fe 

Figure 5.3 Body iron (Fe) metabolism: 75% of body iron resides at any one time in the bone 
marrow and circulating erythrocytes; 25% is present in body stores in the liver. Approximately I mg 
Fe/day is absorbed from the diet t o  replace iron lost through minor bleeding and cell shedding. 
Tf, transferrin. 



S r a t ~ s  assessment and dfarasy requirements 

Iron sta~tus can be assessed us

in

g a range of biochemical measures. Some are 
specific to iron and these include plasma ferritin and fransferrin saturation, 
whch  decrease in iron deficiency, and erythrocyte protoporphyrin and plasma 
transferrin receptor concentration, both of whch increase in iron deficiency. As 
iron stores are depleted blood haemoglobin concentration falls, but a low hae- 
moglobin concentration may reflect nutrient deficiencies other than iron. 

Dietary intakes to satisfy metabolic requirements and iron losses in an 
individual depend largely on the bioavailability of iron in the diet. Reference 
daily nutrient intakes for the UK population range from 1.7mg in infancy to 
15mg in adult females, with no increment during pregnancy as additional 
requirements should be met by iron stores. 

Zinc 
Functions of zinc 

The major function of zinc in human metabolism is as a cofactor for over 100 
metalloproteins and enzymes. Several key enzymes involved in the synthesis 
of RNA and DNA are zinc-dependent including the DNA and RNA polymer- 
ases. In addition, zinc plays a key role in gene transcription as an essential 
structural component of the zinc finger motifs found in several nuclear hor- 
mone receptors and transcription factors. Zinc is also an essential component 
of superoxide dismutase (SOD), an antioxidant enzyme. 

Zinc has a range of other functions; the secretion of insulin from the 
pancreas is zinc-dependent, as is blood clotting. Zinc is also involved in the 
maturation and activity of white blood cells, as part of the immune response. 

Zinc deficiency and excess 

Dietary zinc deficiency is unusual in Western countries but several Middle 
Eastern countries in particular report severe zinc deficiency, mainly due to 
the inhibitory effect on absorption of dietary phytate. In these circumstances 
the deficiency is associated with growth retardation. Severe zinc deficiency 
develops mainly as a result of an inborn error of zinc metabolism leading 
to a decrease in the absorption of dietary zinc; it is characterized by derma- 
titis, diarrhoea and impaired immunity leading to greater susceptibility to 
infections. Mild zinc deficiency can also depress the immune response and is 
associated with a reduced growth rate in humans; studies have shown ben- 
eficial effects of zinc supplementation on diarrhoea1 disease and improved 
growth in infants and children. 

Acute excessive intakes of zinc can cause symptoms such as nausea, abdom- 
inal pain, vomiting diarrhoea and fever. In addition, there are some concerns 
that hgh doses of zinc over a prolonged time might inhibit iron absorption. 

Food sources 

Zinc is present in a very wide range of foods, but highest levels are found 
in protein-rich foods including shellfish and meat. Wholegrains and eggs are 



also good sources. h general the zlnc content of green leafv vegelabl, -s ancl 
fruit is low 

Absorption and metabolism 

Zinc absorption takes place mainly in the jejunum of the small intestine. The 
major inhibitor to absorption is phytic acid, present in large quantities in 
cereals, legumes and other vegetables. Animal protein is thought to act as 
an 'antiphytic' agent and enhances the bioavailability of zinc. Once inside 
the mucosal cell some of the zinc may be retained by binding with metal- 
lothionein and the rest passes into the bloodstream. It is transported to the 
tissues, mainly attached to albumin. Zinc taken up by the pancreas may be 
secreted into the small intestine along with exfoliated cells from the intesti- - 
nal lining, and reabsorbed, constituting an enterohepatic circulation. 

Typically an adult has about 2-3g body zinc, predominantly in skeletal 
muscle and bone. The small intestine regulates both the amount of dietary 
zinc absorbed and the quantity of endogenous zinc that is secreted into 
the gastrointestinal lumen and lost in the faeces. When body zinc status is 
higher absorption is reduced through an increased binding by intracellular 
metallothionein. Zinc is excreted in the urine but unlike the intestine, zinc 
reabsorption in the kidney is unaffected by daily fluctuations in dietary zinc 
intake. Zinc is also lost from the body via skin, hair and sweat. 

Status assessment and dietary requirements 

There is at present no satisfactory measure of zinc status. It is usual for zinc 
status to be measured as concentration in plasma or white or red blood cells 
but these measurements are not very sensitive to changes in dietary intake. 
Reference daily nutrient intakes for the UK population range from 4.0mg in 
infancy to 9.5mg in adolescents. There is no increment for pregnancy. 

Iodine 
Functions of iodine 

Iodide is taken up by the thyroid where it is used in the synthesis of mono- 
iodotyrosine and di-iodotyrosine which can condense to form the thyroid 
hormones tri-iodothyronine (T3) and thyroxine (T,). The major functions of 
the thyroid hormones are the maintenance of metabolic rate, cellular metabo- 
lism and growth. They bind to DNA and regulate the transcription of several 
genes in target tissues, in particular the brain, heart, liver and kidneys. 

Effects of iodine deficiency and excess 

Iodine deficiency causes a wide range of abnormalities collectively known 
as iodine deficiency disorders in whch symptoms range from mild, such as 
goitre, to severe, including mental retardation or cretinism. The fetal brain 
is particularly susceptible to iodine deficiency if the mother is iodine defi- 
cient. The severe neurological damage caused by iodine deficiency in these 



chilclren results in mental and physical retardation and is irreversible, 
Clinical deficiency is characterized by goitre ~jvhicli forms by enlargement 
of the thyroid gland ki response to a fall in T4 production. Moderate iodine 
deficiency leads to weight gain and tiredness. Iodine deficiency disorders 
are widely distributed throughout the world; Asia, Africa and the Eastern 
Mediterranean regions are most affected. 

Exposure to high intakes of iodine may result from iodine contamination 
of food or water supply, in which case it may lead to an enlargement of the 
thyroid gland, as in deficiency. 

Dietary sources 

Iodine is usually found in food as inorganic iodide or iodate. The iodine con- 
tent of plants and cereals varies greatly depending on the iodine content of 
the soil. The richest sources of iodine in the diet are generally marine fish, 
shellfish and sea salt but in the UK milk is a significant source of iodine 
because of the use of supplemented feeds to dairy cows. 

Absorption and metabolism 

Iodine from foods is rapidly and efficiently absorbed in the proximal small 
intestine as iodide. Brassicas (cabbage, broccoli etc), and the tuber cassava, 
a staple food in some regions of the world, contain compounds (goitrogens) 
that interfere with iodine absorption. 

Transport and tissue distribution 

Once iodide appears in the blood it is transported to the tissues where its 
uptake is stimulated by thyroid stimulating hormone (TSH) released from 
the pituitary gland. Total body iodine levels are 15-20mg in healthy adults. 
Excess iodide is excreted in the urine. 

Status assessment and dietary requirements 

Biochemical assessment of iodine status is by the measurement of urinary 
iodine:creatinine ratio, which falls in deficiency. Clinical iodine deficiency is 
assessed by size of the thyroid, measured by palpation and ultrasound. In 
adults, an iodine intake of 70 bg/day appears to be the minimum necessary 
to avoid the appearance of goitre and has therefore been set as the lower 
reference nutrient intake for the UK population. The RNI has been set at 
140 }-~g/day with a recommended upper limit of l m g  per day. 

Other important trace elements 

Copper 

Copper is found in high concentrations in shellfish, liver, kidney, nuts and 
wholegrain cereals. The major function of copper is as a catalytic centre in 
numerous enzymes involved in redox reactions. Dietary induced copper 



deficiency has not been reported in humans, Dietary copper orrerloading is 
also rare due to the body's ability to excrete excess copper in the bile, but 
a congenital disease, Wilson's disease, leads to copper accumulation in the 
body, particularly in the liver and the brain, with associated pathological 
damage. 

Selenium 

Selenium is found in a number of foods especially cereals, meat and Brazil 
nuts in different forms including the selenoamino acids selenocysteine and 
selenomethionine, and inorganic selenide, selenite and selenate. The sele- 
nium content of cereals is directly proportional to the soil Se content and 
there has been a considerable reduction in selenium intakes in UK over the 
last two decades, partly as a result of increased use of European wheat at the 
expense of Canadian imports. 

The main function of selenium is in the active sites of about 35 selenopro- 
teins and enzymes including iodothyronine deiodinase, responsible for the 
conversion of T, to T3, thioredoxin reductase, whch reduces nucleotides in 
DNA synthesis, and members of the glutathione peroxidase family of anti- 
oxidants. The best-characterized selenium deficiency syndrome is Keshan 
disease, a cardiomyopathy that affects children and women in rural China 
where soils are selenium deficient. Low selenium status may also impair 
immune function and thyroid function. 

There is epidemiological and experimental evidence to support a role for 
selenium in protecting against certain cancers, including prostate, colon and 
lung cancers. Selenium is toxic in excess. 

The current UK RNI for selenium is 75 &day for men and 60 &day for 
women. 

Chromium 

The main chromium-rich foods are meat, nuts, cereal grains, brewer's yeast 
and molasses. Chromium enhances the actions of insulin and people receiv- 
ing adequate dietary chromium have better control over blood glucose than 
those on low intakes. 

Fluoride 

Fluoride is present in most foods at varying levels and also in drinking 
water, either naturally occurring or added deliberately The main function of 
fluoride in the body is in the mineralization of bones and teeth (as calcium 
fluoroapatite). Adding fluoride to drlnking water is a controversial issue 
because while low supplementary levels may be beneficial in reducing den- 
tal decay, higher intakes of fluoride are toxic leading to fluorosis but water 
concentrations are controlled at a low level. Symptoms of fluorosis may be 
mild (mottled tooth enamel) or severe (skeletal fluorosis). Skeletal changes 
include calcification of ligaments and tendons leading to stiffness, joint 
pain and spinal defects. Fluorosis is rare in the West but common in parts 
of southern Africa, the Indian subcontinent and China where there is a high 
fluoride content in the subsoil water that enters the food chain. 



KEY POINTS 

This is a term used to describe a broad class of compounds found in plant 
foods, not essential for life (not nutrients) but with proven or probable health 
benefits: The term includes a diverse group of phenols and polyphenols that 
in turn includes flavonoids and phyto-oestrogens. Whilst they are not essen- 
tial nutrients some of their properties are similar to those of micronutrients 
and they can be considered as non-nutritive plant components. 

Phenols and polyphenols 

This is a very large group of compounds, ranging in complexity from the 
simplest, phenol itself, to the complex tannins. The best-characterized group 
is the flavonoids, which include the catechins (tea, wine, fruit juices, choco- 
late), flavanones (orange and grapefruit juice) and anthocyanidins (blackber- 
ries and blueberries). 

Beneficial effects 

Epidemiological evidence suggests that certain polyphenols have protective 
effects against cancers at some sites, and may protect against cardiovascular 
disease. Ths  evidence is supported by plausible mechanistic explanations. 
However, the evidence base is inconsistent and the quality of studies is 
sometimes poor. 

Mechanisms of action 

Most of the beneficial health effects of flavonoids in humans are attributed to 
their antioxidant properties, which have been demonstrated in many in vitro 
studies. Quercetin, found in plants of the allium and brassica families, also in 



apples and blackcurrants, has beer, shovvn to have very potent antioxidant 
activity in vitro, though its ability to scavenge reactive oxygen species, reac- 
tive nitrogen species, peroxyl radicals and superoxide. Ho~,vever, antioxidant 
effects of polyphenols in vivo will be d u e n c e d  by the chemical nature of 
the parent compound, the absorpiion and distribution characteristics in vivo, 
and the nature of the active derivative, and these properties vary greatly 
between compounds. 

Several polyphenols have chemopreventive effects in animal models and 
this activity has been explained by effects on cell proliferation and apoptosis 
as well as antioxidant activity. An additional mechanism by which poly- 
phenols exhibit anti-carcinogenic activity is through effects on Phase I1 
enzymes, responsible for metabolizing potential carcinogens. 

Some polyphenols occurring in plants have weak anti-oestrogenic activity 
and are known collectively as phyto-oestrogens. They can bind to oestrogen 
receptors and thereby antagonize the action of oestrogens. This is the expla- 
nation given for their epidemiological association with a reduced breast 
cancer risk, and a reduced incidence of osteoporosis. Additionally, phyto- 
oestrogens increase the synthesis of sex-hormone binding protein and 
thereby lower concentration of circulating oestrogens. Legumes, especially 
soya beans, are rich sources of phyto-oestrogens. 
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CHAPTER 6 

Diet and the Lifecycle 

By the end of this chapter you should be able to: 
outline the changing characteristics of growth and maturation from 
birth to adult that alter nutrient requirements 
understand the immaturity of the digestive tract and organs during 
infancy, and the implications for diet 
discuss the composition of maternal milk and compare with 
alternatives 
describe the weaning process and advantages and risks of 
complementary foods 
have an informed opinion about the application of 'healthy eating' 
beliefs 
be aware of the social and psychological factors that affect food 
intake and nutrition during adolescence 
describe the physiological changes during pregnancy 
describe the impact of nutrition before and during pregnancy on 
maternal, infant and long-term health 
outline the promotion of successful lactation 
describe problems associated with breast feeding 
describe the physiological and pathological changes of ageing 
relevant to nutrition 
discuss important aspects of macro- and micronutrient intakes in 

older people 
* discuss the role of nutrition in the development, susceptibility to and 

outcome of common chronic disabling diseases in the elderly 
understand current important public health messages to maintain 
and improve nutritional status in elderly people. 

6.1 INTRODUCTION TO INFANCY, CHILDHOOD 
AND ADOLESCENCE 

Growth has specific nutritional needs but is not a steady process, proceeding 
rapidly in early life, slowing in middle childhood and accelerating at puberty 



before Iirear growth ceases. With increasing age also come the physical and 
psychomotor maturation which Lrfkuence activity and body composition 
and, through feeding skills and food choices, dietary intakes. Percentage 
body weight that is fat (% BF) increases rapidly to a peak between 6 and 
12 months, followed by a period of natural 'slimming' until around 5 years, 
then by a second phase of relatively rapid fat deposition (the adiposity 
rebound) which continues in grls  until growth ceases. In boys the adiposity 
rebound ceases with the rapid lean tissue deposition of late puberty 

6.2 NUTRITIONAL ASSESSMENT IN CHILDHOOD 

Body weight for age (WFA) is frequently used as an indicator of nutritional 
status but l~e igh t  is heavily influenced by height. Childhood nutritional 
assessment (see also chapter 12) commonly uses either weight-for-height 

I - 
I (WFH) independent of age, or WFA in relation to height-for-age (HFA). 

Reference standards for growth and development do not distinguish the 
abnormal from the extremes of normal. Scores of <-2 or > + 2  SD, or <3rd 
and >97th centiles, are often used as cut-off points for 'normality'. Velocity 
of growth may be more informative than size attained. 

Undernutrition 

Stmting is assessed by height-for-age or length-for-age, the same cut-off points 
as are used for normality Growth retardation associated with socioeconomic 
deprivation is a s ipf icant  problem in westernized as well as in less affluent 
societies and usually responds better with changes in psychosocial and/or 
economic environments than with specifically nutritional interventions. 

Overnutrition 

In adults, body mass index (BMI: weight in kg/height in m2) is used to 
define underweight, overweight and obesity; however in children mean 
BMI varies non-linearly with age and so the use of this index is less simple. 
The International Obesity Task Force (IOTF) defines chldhood overweight 
and obesity as the BMI Z score (ie SD score) at any age which, if maintained 
throughout childhood would achieve the adult overweight and obesity BMI 
cut off points of 25 and 30 kg/m2 at 18 years. 

Growth from the fetus through infancy and childhood is clearly one aspect of 
physical maturation before the onset of puberty when rapid physical matura- 
tion occurs. The age at onset of puberty and the pubertal growth spurt vary 
widely between individuals. Secular trends towards increased height and 
weight and earlier age at puberty, attributed to positive changes in health 
and nutrition, have slowed or ceased in recent years in much of Europe and 
North America, but continue elsewhere. 

The typical age for onset of the secondary sexual development charac- 
teristic of puberty is considered to be between 8 and 13 years in girls and 



9 and 13.5 years in boys with similar mean age (11.5 years) in both sexes. 
In girls the growth spurt always occurs early in the progression of puberty 
vrith most rapid growth in height on average 0.7 years after the first signs 
of puberty and before menarche. Growth acceleration in boys occurs later in 
the pubertal process, with most rapid growth occurring on average 1.5 years 
after the first signs of puberty, and continues longer than in girls. Peak bone 
mass is achieved two years after cessation of growth (mean: girls 16 years; 
boys 18 years). Pubertal changes in body size and composition lead to 
greater differences in nutrient requirements between males and females than 
were present in earlier childhood. In adolescent girls the nutritional needs 
of pregnancy and lactation may have to be added to those of growth and 
menstruation. In adolescent boys increased lean body mass leads to greater 
nutritional demands per kg body weight (see Appendix 2). 

Psychomotor maturation relevant to feeding 

The period of infancy (birth to 12 months) is one of almost total dependency 
on others for the provision of warmth, food, shelter and emotional needs. As 
children become more independent, they can make their wishes understood 
and learn to use food to manipulate those around them. Once at school, chil- 
dren also take their cues for food preferences from their friends and mav be 
heavily influenced by advertising pressures. In adolescence, peer fashions 
can lead to haphazard eating and bizarre diets with risk of compromising 
the good quality diets needed to meet the demands of growth and matura- 
tion, and may be used to express independence of the family. Adolescents 
living away from home for the first time may lack the cooking skills required 
for a good diet. Lifestyles adopted in the adolescent years can continue into 
adult life. Adolescents (and, increasingly, younger children) may demon- 
strate psychiatric instability through anorexia nervosa or bulimia. These two 
conditions have profound, even fatal, effects (see chapter 8). 

Nutrition, growth and later disease 

There is increasing evidence of a relationship between fetal and early lnfant 
growth and nutrition with health and disease in adulthood (fetal origins 
hypothesis). Low birth weight (LBW), particularly when there is rapid catch- 
up growth postnatally, is associated with increased prevalence of coronary 

: heart disease and Type 2 diabetes mellitus in adult life. 

immunological development 

Food allergy and intolerance and the maturation of the immune system in 
relation to dietary components are discussed in chapter 10. Infants are born 
with unchallenged and immature immune systems. Gastrointestinal resist- 
ance to invasion by foreign proteins relies in part on protective substances 
such as immunoglobulins (eg IgA and IgM) and enzymes which destroy his- 
tamine and active substances in the g ~ ~ t .  Low levels of secretory IgA (sIgA) 
and lack of specifically sensitized immunoglobulins make young infants more 
at risk of sensitization to foreign proteins which cross the mucosal barrier. 



Infant eczema has been attributed to foreign proteins either in maternal 
milk, infant formula, or early weaning foods. Materxal allergen exclusion 
diets during lactation may reduce the prevalence of eczema in breast fed 
infants, at high risk of atopy (allergic hypersensitivity), in -the early months 
of Life. The nature and pattern, rather than simply the timing, of solid feed- 
ing are important for subsequent development of food allergy. 

Development of gastrointestinal function 

Digestion and absorption in breast fed lnfants are promoted by many specific 
components in breast milk, such as lactose, lipase and lactoferrin. Immaturity 
of gastrointestinal enzymatic function makes digestion and absorption less effi- 
cient with Infant formula than with breast milk in the first months of life. Fat 
absorption is less in formula fed infants than in breast fed infants. Pancreatic 
lipase, amylase and bile salt pool size are low in the newborn compared with 
older d a r t s .  Lactase levels in the newborn are quite 10%; increase as milk feed- 
ing begins and may decline later as milk ceases to be the predominant feed. 
Low lactase levels and lactose intolerance are common in older African and 
Asian children and adults but less common in Caucasian chldren and adults. 

Development of renal function 

Young infants cannot dilute or concentrate their urine as much as older chil- 
dren and adults. This makes them particularly susceptible to fluid overload 
and to overload from other substances which have to be excreted via the 
kidneys. The unmodified cow milk formulas used before 1972 gave young 
infants difficulty excreting sufficiently concentrated urine to expel the nec- 
essary solutes. The ensuing intracellular hyperosmolality, especially in the 
brain, had disastrous, often fatal, consequences. 

The high phosphate content of unmodified cow milk based formulas pre- 
cipitated falls in plasma calcium, hypocalcaemic tetany and convulsions in 
otherwise healthy infants around 7-10 days old. UK legislation in the early 
1970s lowered the acceptable levels of sodium, phosphate and protein in 
infant formulas and this was followed by similar EC directives. Changes to 
low phosphate infant formula have virtually eliminated the problem of tetany. 

6.4 NUTRITION IN INFANCY 

Breast mill< 

There is now almost universal consensus that breast milk is the best food for 
normal infants with healthy mothers, because of its composition, digestibil- 
ity, and anti-infective properties. Despite this consensus, most one-month- 
old infants in UK have received some infant formula and by 10 weeks 64% 
of infants are wholly formula fed. It is proving difficult to improve 'breast 
feeding statistics' in UK despite widespread education and publicity promot- 
ing breast feeding. 

The composition of human milk is variable. The first milk, colostrum, 
is low in volume and high in proteins, especially immunoglobulin A, as 
well as vitamin A and zinc. As the volumes of milk secreted increase, milk 



Energy (kcal) (Icj) 
Protein (g) 

Fat (g) 
Carbohydrate (g) 
Calcium (mg) 
Sodium (mg) 
Zinc (mg) 
Iron (mg) 
Retinol (pg) 
Vitamin D (pg) 
Vitamin C (mg) 

'Since much of this protein is s IgA i t  is not clear haw much is digested and absorbed and how much remains 

in the  gastrointestinal t ioct. 

N: significant quantities but no reliable informotion. 

Information derived +am various sources. 

composition modifies to 'transitional' and then 'mature' milk. Table 6.1 out- 
lines the biochemical composition of colostrum, human milk, modern infant 
formula and cow's milk. Volumes of milk produced and precise composition 
of breast milk vary between women, over time and by time of day. Human 
milk contains cells (macrophages, lymphocytes, neutrophils) and humoral 
components, eg sIgA, which protect infants against infection in the first 
months of life. Lactobacillus and Bifidobacteviurn spp promote lactic and acetic 
acid production from lactose, which discourages growth in the large bowel 
of potential pathogens such as E. coli and Shigella spp. 

Lactose, the main carbohydrate in milk, accounts for approximately 40% of 
total milk energy and facilitates calcium absorption. Human milk protein is 
30-40% casein and 60-70% whey. Whey proteins include lactalbumin, sIgA, 
lactoferrin and lysozymes, whereas casein is a mixture of proteins bound with 
calcium. Human milk casein forms smaller micelles with looser structure than 
the casein of cow's milk, which facilitates digestion. Nutrient b i n h g  proteins 
in milk such as lactoferrin (which binds iron) facilitate absorption of some 
specific nutrients. The quantities of fat in human and cow's milk are similar, 
but human milk fat is higher in unsaturated fat, particularly the essential fatty 
acids linoleic and a-linolenic acids, and also contains the long chain polyun- 
saturated fatty acids arachidoiuc, eicosapel~taenoic and docosahexaenoic acids 
(22:6~3), whch are important for neurological development (see chapter 4). 

The fats in human milk are more readily digested and absorbed than those 
of cow's milk. Most infant formulas now contain mainly vegetable oils with 
rather different proportions of fatty acids than those found in human milk fat, 
which partly depends on maternal dietary fatty acid content. Human milk 
has a high level of cholesterol and of carnitine, which is involved in mito- 
chondrial oxidation of fatty acids. Premature infants and those undergoing 
very rapid (catch-up) growth may be unable to synthesize carnitine at a 
sufficiently rapid rate to meet demand. 



Viramin supplementation 

in 1994 the Department of Health for the UK stated that 'Breast fed infants 
under six months do not need vitamin supplementation provided the 
mother has an adequate vitamin status during pregnancy. From the age of 
six months infants receiving breast milk as their main drink should be given 
supplements of vitamins A and D'. Plasma vitamin K levels are low in the 
newborn because they lack colonic flora synthesizing vitamin K. Vitamin K 
deficiency can cause minor bruising, blood loss, or major haemorrhage in the 
brain. All term newborn infants in UK should receive prophylactic oral vita- 
min K (lmg) at least once. Breast fed infants should be offered four further 
oral doses at two-weekly intervals. 

Formula feeding 

All infant formulas are now highly modified from their base of cow's milk or 
soya protein (Table 6.1). Many formulas are available and differ according to 
content, eg long chain polyunsaturated fatty acids, taurine, carnitine. Since 
the 1970s a series of government reports have made recommendations on 
the composition and promotion of infant formula. In 1991 an EC directive 
on the composition, labelling and marketing of infant and follow-on for- 
mulas was incorporated into the UK Infant Formula and Follow-on Formula 
Regulations. New EU regulations came into force in January 2008 but in the 
UK the labelling legislation will not be in force until 2010. 

Specialized infant formulas 

Most infant formulas are for non (exclusively) breast fed infants from birth 
until the age at which neat cow's milk is introduced (not before 12 months). 
Other more specialized formulas fulfil various purposes, eg 

Follow-onfoumulas, intended for infants over six months who are receiving 
complementary foods. 
Formulasfor LBW infants which aim to meet the enhanced nutrient needs 
of very LBW and pre term (PT) infants. 
Hypoallergenic formulas for infants with strong family history of atopy 
and/or already diagnosed atopic disorders. 
Veganformulas which are usually soya protein based formulas with 
vegetable fats. 
Other formulas -there are many very specific formulas developed to meet 
the needs of infants with inborn errors of metabolism and other specific 
illnesses. 

6.5 THE TRANSITION TO MIXED FEEDING: WEANING 
OR COMPLEMENTARY FEEDING 

Definitions 

Weaning, also known as complementary feeding, has been defined as 'The process 
of expanding the diet to include foods and drlnks other than breast rmlk or infant 
formula'. Since the term 'weaning' is also used to indicate complete cessation 



of breastfeedmg, ~IVHO recommends that the terms 'weaning' and 'weaning 
foods' are avoided. The term complementq feedmg is used here to embrace 
the use of all foods and liquids other ihan breast mdk or infant formula. 

Maternal milk output averages 65Oml/day at one month of Lactation, 
750ml/day at 3-4 months' lactation and peaks at about 900-1000ml/day 
at 4-5 months' lactation. Average infants would need 850ml and 1450ml of 
breast milk to meet energy requirements at 6 and 12 months respectively on 
exclusive breast feeding. From six months, and probably before this for some 
infants, additional sources of energy and nutrition are needed to comple- 
ment breast milk. The World Health Organization and the UK Department 
of Health have formally adopted the policy: 

Breast milk is the best form of nutrition for infants. Exclusive breastfeed- 
ing is recommended for the first 6 months (26 weeks) of an infant's life, 
as it provides all the nutrients a baby needs. Breastfeeding (and/or breast 
milk substitutes, if used) should continue beyond the first 6 months along 
with appropriate types and amounts of solid foods. Mothers who are 
unable to, or choose not to, follow these recommendations should be sup- 
ported to optimize their infants' nutrition. 

However, a survey in 2000 found that 90% of infants are introduced to 
some non-milk, non-formula, food before 4 months, despite education about 
the age of introduction of complementary foods. 

Maternal choice in complementary feeding 

Depending on the choice of food, complementary feeding can provide neces- 
sary extra energy and micronutrients. It encourages development of feeding 
techniques and ability to eat with the family, but is less likely to be sterile 
and early introduction can lead to allergic reactions to foods. 

Complementary foods may be home prepared or commercially produced. 
Irutially one small feed is introduced per day but feed frequency can increase 
quite quickly. W l s t  breast milk (or formula) remains the main source of 
energy early in complementary feeding, cereal based complementary foods, 
with energy density enhanced by additional fat source, should be introduced 
early. Rice preparations are usually recommended since rice is gluten free. With 
wheat based foods there is slight risk of malabsorption from either temporary 
gluten intolerance following gastrointestinal infection, or permanent gluten 
intolerance in coeliac syndrome. Fats increase the energy density of foods, thus 
facilitating energy sufficiency and optimum infant growth with the relatively 
small volumes of food tolerated by infants' small gastric capacities. Fats are 
also sources of fat-soluble vitamins, essential fatty acids and exogenous chol- 
esterol and enhance taste and food texture and therefore palatability. Provided 
breast milk, formula, or (later) cow's milk intakes are around 500ml/day, pro- 
tein intakes are likely to be adequate even if complementary feeds are low in 
protein and amino acid variety (eg in diets with a single plant staple). 

Home-prepared versus commercial complementary foods 

About 40% of home prepared complementary foods have an energy con- 
tent lower than breast milk and are lower in fat, iron and vitamin D and 



higher in soclium than commercially prepared infant foods. UX legislation 
specifies a range of nutritional contents for commercially produced infant 
foods. Thus infants receiving commercial complementary foods may have 
more balanced nutrient intakes than those fed home prepared foods. 
If only commercial fruit, vegetable and pudding products are offered as 
complementary foods, energy needs are unlikely to be met as the foods 
displace breast milk and formula in the diet but are usually less energy 
dense. 

Early foods offered are semisolid. Infants quickly learn to cope with 
solid and lumpy foods and ultimately foods which require chewing prior 
to swallowing. This progression is important. Prolonged bottle feeding 
(beyond one year) can lead to failure to thrive due to the 'comfort' aspect 
of sucking and the low energy density of fluids proffered. Infants should 
be moved from fluids fed by bottle to predominantly fluids fed by cup 
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over the second six months of life. current UK recommendations are that 
cow's milk should not be given as a drink to infants under one year, but 
when it forms part of family recipes, small amounts may be safe before 
this age. 

Vegan infants and other at-risk groups 

Vegan mothers have higher levels of unsaturated fatty acids in their milk 
than omnivore mothers. This may be advantageous to the infants. Soya- 
based infant formulas (supplemented with micronutrients and appropriately 
balanced energy and protein) can be used as alternatives to breast milk as 
breast milk output declines, and continued beyond infancy. Vitamin deficien- 
cies in infants born to deficient mothers (particularly for B1 and B,,) may be 
exacerbated by low breast milk vitamin content. 

Digestion and absorption in preschool children enable them to consume 
the same foods as adults but nutrient needs and feeding skills are different. 
Children's small stomachs limit the amounts of food taken at any one meal. 
They should therefore be fed three meals a day and perhaps two between- 
meal snacks, with one snack or meal close to bedtime. Recommendations for 
adults to consume <35% dietary energy from fat do not apply to young chl- 
dren. The transition from >50% dietary energy derived from fat provided 
by exclusive breast feeding to <35% energy derived from fat should spread 
over the first five years of life. Similarly adult recommendations for fibre 
intake should not apply in early childhood since high fibre content lowers 
food energy density and phytates reduce absorption of micronutrients. Diets 
with <30% energy derived from fat are quite common amongst preschool 
children who consume large quantities of 'juice' and sweets instead of meals 
of varied content. They are likely to lead to failure to thrive if prolonged. 
Persuading children to eat family meals is not always easy. Children are 
often reluctant to eat green leafy vegetables, partly due to inexperience with 
chewing. 



Nutrit ional problems in 'chiidreas and adolescents 
Foilure te thrive 

Failuse to thrive {FTT) 1s failure to gain in weight and height at the expected 
rate. Resolution through catch-up growth can be very rapid if the cause is 
treatable and extra nutrients are provided. Where the precipitating cause 
cannot be resolved, increasing the energy and nutrient density of the diet can 
lead to improved growth rates. Psychosocial deprivation may be the com- 
monest cause of FTT in the UK today although often unrecognized. Overt 
cases come from homes where the nurturing environment is in some way 
deficient in the love, warmth, enjoyment and stimulus which enable normal 
growth. Changing the adverse environments so as to provide more positive 
nurture rapidly normalizes hormone levels and results in catch-up growth. 

Obesity 

Childhood obesity (see also chapter 8) is of major public health concern. 
Psychological distress and the physical handicap of being obese contribute 
to underachievement at school. Type I1 diabetes mellitus (previously con- 
sidered only an adult disease) shows an increased prevalence in children 
and adolescents in Western Europe (including the UK) and North America. 
The vast majority of obese children have no recognizable underlying medical 
cause for their obesity. Around 80% of obese children have one obese parent 
and 2040% have both parents obese. 

Explanations for the rise in childhood obesity must be multifactorial. Total 
energy intakes for 10-11-year-old UK children have decreased by an aver- 
age of l.GMJ/day between 1983 and 1997, while the percentage of energy 
derived from fat decreased from a mean of 37.4% to 35.7%. Energy expend- 
itures must have declined more than energy intakes to explain the increased 
prevalence of obesity. Obesity in teenage boys increases in proportion to 
time spent watching television, a pastime associated with very low energy 
expenditure. Increased sedentary behaviour could be the most significant 
societal change leading to increased prevalence of childhood overweight/ 
obesity. An environment of deprivation which includes, for example, lack 
of shops selling fresh fruit, vegetables, and wholemeal breads and lack of 
places to play or walk, and whch  leads to parental depression, may have 
a role in driving the obesity epidemic. 

Programmes to treat already existent obesity have not been impressive in 
their results even when treatments have been very invasive. Drastic energy 
intake reduction can lead to impaired linear growth although modest 'slim- 
ming' programmes usually allow continuation of normal linear growth. There 
are sustainable dietary and lifestyle practices whch should balance energy 
intakes and expenditures in the obese quite successfully. Fat loss through such 
practices may be slow and may do no more than keep weight static; 'growing 
into' their weight is a practical possibility. Grossly obese children and obese 
adolescents already at more than their expected adult weight and close to the 
end of linear growth must aim for some weight reduction through develop- 
ing significant negative energy balance by increasing activity (not easy for the 
very obese) and modifying energy intakes. Quite small losses of body fat can 



improve morale, make physical activity easier, and decrease the prevalence of 
poblerns szch as h g h  blood pressure and insulin resistance so children who 
'slim' but do not acheve normal BMI may nevertheless benefit. 

Anorexia nervosa 

See chapter 8. 

Anaemia 

The definition of anaemia (see also chapter 8) in cNdhood is not straightfor- 
ward because of physiological variations in haemoglobin levels with age. In 
utero haemoglobin levels are h g h  in order to maximize oxygen uptake from 
the low oxygen tension of the environment. At birth a high haemoglobin con- 
centration is no longer necessary and haemoglobin concentration falls. After 
4 8  weeks haemoglobin levels remain low because red blood cell production 
only just keeps up with the increasing body size and blood volume. Anaemia 
is not uncommon in UK chldren; in 2000 anaemia affected 9% of boys and 
girls aged 4-6 years and 9% of teenagers. Deficiencies of other micronutrients, 
such as folic acid, vitamins A, BI2, C, E, riboflavin and copper can contribute to 
anaemia. 

iron deficiency 

The level of consumption of breakfast cereals (mostly fortified with iron in 
UK) is positively associated with dietary iron intakes in children over 11 
years. Non-meat eaters and non-Caucasian adolescent girls have the great- 
est risk of poor iron status. Most iron is transferred across the placenta in 
the last trimester so premature infants have less iron/kg body weight than 
term infants. By six months, and often earlier in infants born prematurely, 
iron stores are minimal. Complementary foods providing good sources of 
iron are necessary Iron stores build up only after growth has slowed con- 
siderably around five years of age. Iron requirements increase in adolescence 
with increase in body size and the needs for growth and, in girls, the onset of 
menstruation. Depletion of iron stores even in the absence of anaemia may 
lead to psychological changes. Depression, irritability, loss of appetite, apa- 
thy, and evidence of impaired learning and cognition and slowed growth 
rates have all been associated with iron deficiency anaemia (IDA). Oral iron, pro- 
vided it is taken, is an effective treatment. Additional vitamin C can enhance 
absorption of non-haem iron. 

Bone mineralization: calcium and vitamin D (see also chapters 5 and 9) 

Although the total daily calcium increment is highest in adolescence, the pro- 
portion of calcium taken up compared with total body, or total bone mineral, 
is highest immediately after birth. At term, 300mg of calcium are transferred 
across the placenta to the fetus each day. Children at most risk of deficiency 
are those growing most rapidly - mfants, especially LBW, and adolescents. 
Most children with adequate summer sunshine exposure should have no 
need for dietary vitamin D but those with heavily pigmented skin and/or 



little exposure to summer sunlight in Britain are at risk. The clinical signs of 
vitamin D deficiency in chldhood are those of rickets. Vitamin D has effects 
on many tissues other thxn bone. ivluscle tone is reduced leading to hypo- 
tonia and weakness with distended abdomen due to lax abdominal mus- 
culature. Weak respiratory muscles lead to ineffective coughing and thus a 
tendency for lower respiratory tract infections. 

Bone health and later life (see chapter 9) 

The loss of bone mineral in middle and old age leading to clinical osteopor- 
osis is partly determined by Peak Bone Mass (PBM). In childhood weight- 
bearing activity contributes positively to developing PBM. Normal bone 
mineralization can take place on diets whch are very low in calcium com- 
pared with recommended requirements. 

6.7 MEALS AND SNACKS IN CHILDHOOD 

Growth, dependency and development make infants and children susceptible 
to nutritional imbalance and deficiencies. It is wise to promote meals varied in 
content, texture and taste for chldren. Variety leads to nutritionally adequate 
combinations of macro- and rnicronutrients. Meals should be made enjoy- 
able social affairs offered without excessive pressure to eat. Snacks should be 
planned rather than opportunistic (or continuous). Wholemeal cereals, fruits 
and vegetables should be seen as enjoyable components of the diet. In this 
way children can eat to requirement whilst allowing opportunity to develop 
and recognize satiety and hunger. L h g  family nutrition with a caring 
stimulating environment encourages both normal growth and development, 
and the prospect of sustainable healthy lifestyles continuing into adulthood. 



6.8 lNTRODUCTlON TO PRE-PREGNANCY, 
PREGNANCY AND LACTATION - 

Of couples across the globe attempting to achieve a pregnancy 90°/o will have 
been successful after approximately 18 months of regular sexual intercourse. 
The remaining 10% are sub-fertile but many of these couples can now be 
helped to have a successful pregnancy as a result of medical management. 
In developed countries and in the absence of any medical interference the 
maternal death rate is approximately 1 in 200 pregnancies and 1 in 20 babies 
will die before or around birth. Intervention by health professionals, includ- 
ing nutritional advice, reduces these figures to 1/10,000 and 1 in 200 respect- 
ively. Both these figures are higher than this in the developing world. 

6.9 PRE-PREGNANCY 

Nutritional requirements for healthy conception 

Healthy fertile women who are ovulating on a monthly basis have an average 
body fat proportion of 28%; a body fat of less than 22% of bodyweight is asso- 
ciated with the absence of ovulation. Menarche and the onset of fertility can 
be delayed by athletic training or eating disorders and accelerated by excess 
nutrient consumption. Early menarche may be a particular problem in girls 
exposed to famine in cluldhood who are then re-fed with a h g h  energy diet. 
The basic mechanism involved in body fat as a determinant of a healthy con- 
ception appears to be a requirement for a certain energy store to permit repro- 
duction to take place. However, obesity doubles the rate of ovulatory ulfertility. 
Weight reduction returns ovulation, menstruation and fertility in many cases. 

Periconceptional nutrition and fetal malformations 

In human populations major handicapping or lethal malformations compli- 
cate 1 in 80 pregnancies. The major nutritional influence on malformation 
which has been scientifically tested is the benefit of folic acid supplementa- 
tion in the prevention of neural tube defects (NTD). The neural tube which 
runs from the brain to the lower end of the spinal cord normally closes in 
embryonic development in the third and fourth post-fertilization weeks. 
Periconceptional supplementation with 400pg of folic acid per day or a diet 
rich in folates can reduce the incidence from 3-4/1000 pregnancies to less 
than 1/1000 pregnancies. Countries where folic acid fortification has been 
made universal through addition to flour are reporting reductions in the rate 
of NTD of up to 40% for their populations. It is recommended that for the 
small group of women who have had a previous pregnancy affected by NTD 
the periconceptional supplement should be 5mg of folic acid not 400pg. In 
the UK major efforts to disseminate the public health message have resulted 
in take-up of voluntary supplementation by 3-50% of eligible women. 

Nutrition in planned and unplanned pregnancies 

A large proportion of pregnancies are unplanned and in these circumstances 
the majority of women are not taking periconceptional supplements. The 



groups 
or who 
women 

who are eithei- planring a pregnancy but not taking supplements 
are more likely to have unplanned pregnancies include teenagers, 
who smoke and those on low incomes. These groups are particularly 

at risk of low intakes of folates and other micronutrients, which may partly 
explain the social class gradient in the incidence of NTD which are more 
common in low income women. 

6. I 0  PREGNANCY 

Physiological changes in pregnancy 

The physiological changes which the mother experiences precede fetal 
demands, are in excess of possible fetal requirements, and favour placental 
exchange of nutrient substrates and fetal metabolic processes. 

The genital organs 

The uterine weight rises from 46g to lOOOg during pregnancy There is 
hyperplasia of the mammary tissue and an increase in breast volume of 
about 50% by the end of pregnancy. 

Blood volume and haemodynamics 

There is an increase in the circulating blood volume of approximately 1600ml 
by the end of the pregnancy Thus although the red cell mass is increasing and 
oxygen carrying capacity is enhanced there is a dilution of the red cells because 
of the relatively greater increase in plasma volume. This leads to a fall in the 
haemoglobin concentration from a non-pregnant average of 13-14g/dl to lev- 
els of 10-11 g/dl in late pregnancy. This reduces blood viscosity to improve pla- 
cental perfusion, and therefore oxygen and nutrient exchange at the placental 
bed. The heart rate increases from an average non-pregnant rate of 70 beats per 
minute to a rate of 80-85 beats per minute at full term. 

Respiratory system 

The pregnant woman has an increasing metabolizing mass and an increasing 
requirement for oxygen as the pregnancy develops. The amount of air inspired 
per breath increases and oxygen consumption is increased by about 15%. 

The renal system 

Renal plasma flow increases by about 30% with the corresponding increase 
in glomerular filtration rate. There is a fall in serum albumin. An unwanted 
effect of the increased glomerular filtration is that significant amounts of glu- 
cose and amino acids in the urine are common in normal pregnancy. 

Gastrointestinal system 

There is a generalized relaxation of smooth muscle in the GI tract from about 
10 weeks of gestation wluch persists through to term. Women commonly 



report altered appetite often wiith dulled sensation leading to craving par- 
ticularly for highly flavoured or spiced foods or for sweets, chocolate, _milk 
and dairy foods. They may also develop aversions to common dietary items 
such as tea, coffee and meat and some women thereby experience a major 
alteration in their pattern of nutrient intake from early pregnancy onwards. 
Pica is a rare condition where non-food items are eaten, such as coal, clay, 
toothpaste or chalk. This habit is potentially harmful and requires medical 
referral. 

Endocrine changes are probably responsible for the symptoms of anorexia, 
nausea, and vomiting, which are particularly common problems from about 
10-16 weeks of gestation. Relaxation of the cardiac sphmcter in the stomach 
causes the common symptom of acid reflux which results in heartburn, and 
delayed gastric emptying can lead to a feeling of fullness after meals. Transit 
time from stomach to caecum is increased and nutrient absorption may be 
increased. The reduced peristalsis in the large bowel leads to increased water 
reabsorption and production of hard stools, leading to the common symptom 
of constipation. 

Placental transfer 

The placenta is responsible for maternal-fetal exchange and grows with the 
fetus. Barriers to adequate placental perfusion and therefore normal late fetal 
growth include the effect of maternal cigarette smoking. 

Maternal homeostasis of fetal nutrients 

Plasma levels of water-soluble and fat-soluble nutrients change in the mater- 
nal plasma in pregnancy. A fall in concentration of the water-soluble nutri- 
ents and a relative rise in the lipid-soluble nutrients occur at two stages in 
pregnancy. By the end of the first trimester most changes have taken place. 
A second wave of changes occurs at the end of the mid trimester, approxi- 
mately 24-28 weeks into the pregnancy, when women in the developed 
world almost universally show a picture of relative insulin resistance associ- 
ated with an increased availability of substrates for the fetus, particularly in 
the post-prandial period when plasma glucose, amino acid and lipid levels 
are raised, as well as during overnight fasting in pregnancy. 

Macronutrients 

Glucose provides at least 75% of fetal energy requirements. There is increased 
glucose flux across the placenta during the post-prandial period particularly 
in the second half of pregnancy The human feto-placental unit appears to 
have no mechanism to prevent excess glucose transfer across the placenta 
below the saturatable maximum and in maternal diabetes the excess glu- 
cose transfer has serious harmful effects on fetal growth and development. 
Although small IgG class immunoglobulins may cross the placenta, the 
placenta is effectively a barrier to the transport of larger protein molecules. 
Amino acids are actively transported across the placenta and appear in 
higher concentrations in the fetal than maternal circulation. Fat accumulates 



in the fetus at a rapid rate in the last th rd  of pregnancy when fetal s-ynthesis 
makes a significant contribution. Selective transport mechanisms for essen- 
tial fatty acids required for fetal central nervous system (CNS) development 
are present during the second half of pregnancy. 

Micronutrients 

Some micronutrients, such as Cu and Se, are transferred across the placenta 
by passive diffusion, others by active transport mechanisms, some resulting 
in higher concentrations in the fetal circulation than in the mother (eg vita- 
min C, Ca, riboflavin, Zn). Other mechanisms protect the fetus from the risks 
of excess of some nutrients, and fetal levels are lower than maternal (eg vita- 
min A, E) 

Growth and development of the conceptus 

Following fertilization human gestation goes through three phases, blasto- 
cyst formation, embryogenesis and fetal growth. The first stage, blastocyst 
formation, lasts for 2 weeks after fertilization, followed by embryogenesis 
which lasts for 6 weeks. During embryogenesis all the tissues and organs 
are defined anatomically, and any teratogens are likely to have their great- 
est impact. Therefore at the stage when a pregnant woman is 10 weeks post 
her last menstrual period the structure and anatomical relationships of her 
infant's tissues and organs have been established. During the remaining 
30 weeks the fetus grows from a weight of about 10-30 g to its birth weight, 
which is on average 3.3 kg in Caucasian women. The average total weight of 
the products of conception including placenta and amniotic fluid at full term 
is about 4.8 kg. 
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I Energy costs of pregnancy 
i The nutritional costs of pregnancy comprise the energetic value of new tis- I 
'1 sue laid down both by the mother and in the products of conception, and 

the additional energetic costs associated with the increasing metabolizing 
I mass of the pregnant woman. This gives a total average maternal weight 
I gain from uterus, breasts, blood, extracellular fluid, and fat of 7.2 kg which 

combined with the weight of the products of conception produces an aver- 
age weight gain for human pregnancy of 13kg. The theoretical energy 
requirements for pregnancy based on weight gain are 80,000-85,000 kcal 
(356 MI), or a daily calorie increase of approximately 320 kcal(1.3 MJ), giving 
rise to the widespread advice that in order to have a successful pregnancy 
women must increase their energy intakes by 250-300cals/day (1-1.5MJ). 
However dietary surveys do not match the theoretical calculations. The cal- 

i 
1 culated total extra energy intake in pregnancy is less than 20,000 kcal(84MJ) 

! as basal metabolic rate (BMR) falls in early pregnancy followed by a rise 
during the last 10 weeks. There is no excess requirement for energy in the 

1 first 30 weeks of pregnancy and the increase in the last trimester could be 

i met by either a small increase in energy intake or a reduction in physical 
i activity. 



Efieets of activity on pregnancy 

i/Vomen who maintain a high level of recreational exercise throughout preg- 
nancy gain less weight, deliver their children earlier, and produce infants of 
lower birth weight. In the developing world women. who are involved in 
hard physical work show lower birth weights. 

Nutrition and adverse pregnancy outcomes 
Food-borne disease in pregnancy 

Pregnancy represents a state of relative immune compromise and in the rare 
case of primary infection with Listevia during pregnancy transplacental infec- 
tion of the fetus has been responsible for fetal death. Because Listevia prolif- 
erates in common foodsbffs such as mould ripened cheese, liver p2t6 and 
cook-chill foods sensible advice is that women should avoid mould ripened 
cheese whilst pregnant and only eat p2t6 from manufacturing processes 
where pasteurization has taken place. As far as cook-chill food is concerned 
food should be consumed within the recommended shelf life and properly 
heated through before serving. 

Toxoplasma gondii is a parasitic protozoal infection which non-immune 
women may be at increased risk of during pregnancy. It is caught from the 
ingestion of parasites from undercooked meat or from contact with cat fae- 
ces as a result of gardening or cleaning cat litter trays. In the fetus it can 
be responsible for brain infection and defects of vision. Sensible advice 
to women in pregnancy who may be at risk is to cook all meat thoroughly 
before consumption and to either avoid gardening or cat litter trays or only 
to undertake these tasks with strong rubber gloves. 

Maternal mortality 

Maternal mortality rates are extremely low in the developed world, in the 
order of 1 in 10,000 births, but in the developing world rates may be as high 
as 6 per 1000 pregnancies. Protein-energy malnutrition in the mother may 
contribute to this increased mortality, as might rickets in childhood, lead- 
ing to short stature and inadequate pelvic dimensions and obstructed labour 
in adulthood. Obstructed labour is a major cause of maternal death where 
facilities for safe Caesarean section are not available. Severe anaemia is also 
a contributor to maternal death, often in association with intercurrent ill- 
ness such as malaria and the absence of safe blood transfusion to deal with 
antepartum or postpartum haemorrhage. Moderate anaemia is not a major 
risk factor but severe anaemia (Hb < 8.0g/dl) doubles death rates in urban 
women and quadruples death rates in rural women. 

Low birth weight 

The two principal causes of low birth weight are preterm delivery, in which 
the infant may be normally grown but born'in an immature state, and 
intrauterine growth retardation (IUGR), where inefficient placental transfer 
of oxygen and/or nutrients has led to a reduced rate of growth. The WHO 



definition is a birth weight of less than 2.5kg.Low calorie intakes do not 
significantly contribute to low birth weight above a threshold value of an 
average energy intake somewhere between 1400 and 1700 kcals (5.8-7.0NIJ). 
Below this threshold supplementation can significantly reduce the number of 
low birth weight babies. Above the threshold supplementation has negligible 
effects on birth weight and indeed experiments with protein dense supple- 
ments have been associated with a relative redtiction in birth weight. Calcium 
supplements appear effective both in the reduction of preterm birth and the 
incidence of low birth weight, possibly due to a role in the prevention of 
pregnancy-induced hypertension, allowing prolongation of pregnancy. 

Obesity and pregnancy outcome 

A BMI above 30 is associated with a doubling of the rate of ovulatory infertil- 
ity and an even greater increase when the obesity is associated with the poly- 
cystic ovarian syndrome. During pregnancy obese women are at increased 
risk of developing gestational diabetes, venous thromboembollsm and 
pregnancy-induced hypertension. Labour in obese women is more likely 
to be prolonged and unsuccessful and should delivery be necessary by 
Caesarean section, there are difficulties with surgical access to the uterus 
through the obese abdomen. Offspring of obese mothers are heavier than off- 
spring of non-obese women. 

Nutrition and the hypertensive disorders of pregnancy 

Pregnancy is complicated by the development of hypertension in about 8% 
of cases worldwide with a predominance of first pregnancies. When accom- 
panied by proteinuria the condition is referred to as pre-eclampsia and is 
associated with increased maternal and perinatal mortality and morbidity 
There have been many attempts to identify the causes of pre-eclampsia and 
several nutritional hypotheses have been tested. More recently attempts to 
prevent the condition have been made by dietary interventions. A recent 
large study investigated the effects of supplementation with large doses of 
the antioxidant vitamins C and E. These had no effect on pre-eclampsia, but 
increased the prevalence of low birth weight. Calcium supplements have 
been shown to reduce mean blood pressure compared to placebo. 

6.1 1 LACTATION 

In many societies 99% of women lactate and produce enough milk to satisfy 
their mfant's nutritional requirement for at least the first 6 months of its life 
and a significant component for up  to two years. In other societies, particu- 
larly in the developed world, lactation rates may be as low as 30% or 40% 
and artificial formula feeding is more common. 

Promoting successful lactation 

Volumes of milk increase over the first months of lactation as Infants develop 
appetite and grow. Successful lactation is promoted by early onset, frequent 



and night-time suckling, especially in the %st days oi lactation. Breast feed- 
ing for 6 months may be ideal but most 7,rrornen in developed societies stop 
breast feeding either exciusively or altogether long before that time. Their 
choices, once made, should be supported. Many need, or want, to work out- 
side their homes. Some formula feeding, ~ v h l s t  continuing to breast feed, 
may enable mothers to avoid abandoning breast feeding altogether, although 
the introduction of other formula almost invariably leads to reduction in the 
volume of breast milk secreted. 

Nutrient requirements of lactation 

During lactation the mother has increased requirements for energy, protein 
and the micronutrients, especially calcium, to match losses in the milk. In 
prolonged lactation bone mineral density reduces in relation to the volume 
of breast milk produced. The bone mineral density is restored rapidly on ces- 
sation of lactation and there is no evidence that lactation contributes to an 
increased risk of osteoporosis in post-menopausal life. 

Problems associated with breast feeding 

Breast feeding is not without problems, for example: 

Transmission of infection via breast milk 

Breast milk may transfer viral infection, most notably Hepatitis B, cyto- 
megalovirus, and human immunodeficiency virus, from mothers to infants. 
Infants of mothers positive for Hepatitis B surface antigen are at risk irre- 
spective of the feeding method and should be actively immunized at birth. 
HIV risk of infection increases with duration of breast feeding and is great- 
est when breast feeding is not exclusive. Current UK advice for HIV positive 
and high-risk women is to avoid breast feeding. Where the risks of infection 
and undernutrition make formula feeding undesirable, breast feeding should 
be exclusive for 6 months and then infants should be moved on to comple- 
mentary feeding and breast feeding stopped as quickly as practical. 

Unwanted components of maternal diet which pass into milk 

General concerns about the effect of components of the maternal diet on 
infants' tolerance of breast milk are probably overstated. Essential oils in 
foods such as garlic and some spices produce characteristic odours in milk 
which the infant may object to. Foods which can produce problems of toler- 
ance for the infant are cabbage, turnips, broccoli and beans which seem cap- 
able of producing colic in some infants. The same effect has been ascribed to 
rhubarb, apricots and prunes. It might be sensible to exclude such food items 
when a breast fed infant appears to be distressed by colic after feeds. 

Undernutrition in lactation 

There are significant adaptive mechanisms to protect the newborn despite acute 
or chronic maternal undernutrition. Most mothers maintain an appropriate 



energy balance, compromising neither their own health status nor that of 
their developing infants. Mothers on low energy intakes in lactation main- 
tain their weight well and lactate succe~sfully, suggesting that important 
adaptive mechanisms are operating. 

Lactational amenorrhoea, birth spacing and effects of 
maternal nutritional status 

Fertile couples reproducing in the developing world without access to con- 
traception typically show birth intervals of 3 4  years. This includes the 
duration of the pregnancy and approximately 18-24 months of lactational 
amenorrhoea during which there is no ovulation. In the developed world 
lactational amenorrhoea may be as short as 6-8 weeks after the delivery. 
Thus paradoxically a high nutritional plane may be associated with a shorter 
inter-pregnancy interval, compared with the developing world. There may 
be a trigger related to body mass index for the resumption of ovulation and 
menstruation. 
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6. I 2  INTRODUCTION TO AGEING AND OLDER PEOPLE ? 
The number of older people is growing rapidly worldwide, creating a need 
for a more complete understanding of the role of nutrition in the prevention 
and treatment of chronic disabling diseases in the elderly. Undernutrition is 
a potential problem among the elderly, especially in the oldest age groups, 
but there are difficulties in diagnosis because of physical and biochemical 
changes which may take place as part of normal ageing, and nutritional 
assessment in acute clinical medicine is neglected. In Britain, undernutrition 
is prevalent but largely unrecognized in elderly patients on admission to 
hospital and tends to deteriorate further during their hospital stay, although 
good nutrition contributes to the health and wellbeing of elderly people and 
to their ability to recover from illness. 

Since the early 1930s the number of people aged over 65 in England has 
more than doubled and today a fifth of the population is over 60. Between 



1995 ancl 2025 the number of people over the age of 80 is set to increase by 
almost a half and the number of people over 90 will double. The National 
Health Service (NHS) spends around 40% of its budget on people over the 
age of 65 and social services spend nearly 50%. 

6.13 AGE-RELATED PHYSIOLOGICAL A N D  PATHOLOGICAL 
CHANGES RELEVANT TO NUTRITION 

Anorexia and weight loss are common and important clinical problems in 
the oldest age groups. The causes are multifactorial, predisposing to protein- 
energy undernutrition, particularly in the presence of other 'pathological' 
factors associated with ageing, such as social, psychological, physical, and 
medical factors, some of which are responsive to treatment. 

Physiological changes 
Hormonal 

The mechanisms of physiological anorexia of ageing include an increase in 
the satiating effects of cholecystokinin (CCK) (see chapter 2), and an increase 
in the time taken for the emptying of the stomach after large volumes of food. 
This may explain why older adults feel a greater satiating effect of an aver- 
age meal compared to younger adults. Other hormones (eg leptin), neuro- 
transmitters (eg opioids & nitric oxide) and cell signalling molecules (eg 
cytokines) may also have a role to play in anorexia and weight loss of ageing. 

Gastrointestinal 

Changes in smell and taste are common and may decrease food intake or 
alter the type of foods which are selected. The use of drugs, particularly anti- 
hypertensive medication, is a contributing factor. Some 45% of the free-living 
elderly in the UK are edentulous and there is a link between dentition and 
nutritional status. Absorption of some nutrients, in particular vitamin BI2, 
may be impaired because of mild ageing-related achlorhydria. 

Body composition 

Changes in body composition seen with ageing include a decrease in lean 
body mass, which occurs faster after the eighth decade, and an increase in 
body fat. The decline in lean body mass is predominantly that of muscle, 
which contributes to a loss of mobility and an increased frequency of falls 
in elderly people. This is associated with a reduction in energy expenditure 
which will lead to a reduction in energy intake. Exercise can halt the decline 
in lean body mass with ageing, and limit the usual fall in energy intake with 
increasing age. 

Bone mass and composition (see chapter 9) 

Peak bone mass, which is higher in men than women, is acheved at around 
30 years of age and is a determinant of bone mass in old age. Osteoporosis 



is particularly common in post-menopausal females. Severe osteoporosis 
may cause the bones in the legs to bow under the weight of the body and to 
changes of the spine. 

Pathological changes 
Medical and social factors 

Physical changes such as decreased visual acuity, joint problems, hand 
tremors and hearing problems, often occurring in combination, may make 
the task of food preparation and eating more difficult for the elderly. Other 
factors which may affect nutritional status in the elderly include isolation 
and reluctance to go out shopping, loss of spouse, depression and bereave- 
ment, decreased mobility, dementia, anorexia due to disease (especially can- 
cer), medications, poor dentition, alcoholism and most important of all, acute 
illness. In institutions, lack of supervision and assistance at mealtimes may 
be an important determinant of poor food intake. Because old people are dis- 
proportionately isolated, on low income or disabled, socioeconomic factors 
and disease are likely to have more influence on their nutritional status than 
age alone. 

Immune function 

Aspects of the immune response are known to deteriorate with ageing and to 
be influenced by poor nutritional status. However, studies in healthy elderly 
people have shown that many modifications in immune responses previ- 
ously reported to be due to ageing peu se may in fact be associated with patho- 
logical conditions. W l e  ageing may induce dysregulation of the immune 
system, undernutrition seems to be one of the main factors leading to poor 
immune responses, particularly in cell-mediated immunity. Protein-energy 
undernutrition and micronutrient deficiencies, such as zinc, selenium, iron, 
copper, vitamins A, C, E and vitamin B6, and folic acid, may all influence 
immune response. 

Cognitive function 

Cognitive decline and dementia are common in old age. Dementia affects 
one in 20 people over the age of 65 and one in five over the age of 80. The 
central nervous system requires a constant supply of glucose, and adequate 
brain function and maintenance depend on almost all essential nutrients. 
Although the nutritional determinants of cognitive decline are not well 
understood, there is some evidence that inadequacies of vitamins C, E and 
the B group may be important. 

Obesity 

Obesity now affects large numbers of people worldwide. Ageing is 
associated with a high incidence of diseases such as hypertension, diabetes, 
atherosclerosis, arthritis and disability, most of which are associated with 
obesity. 



6.14 AGE-RELATED CHANGES IN ENERGY AND 

-- PROTEIN REQUlREMENTS -- - 
Enerm requirements 

The average energy intake of elderly men and women in the UK and other 
countries has been falling over several decades and the most recent National 
Diet and Nutrition Survey of British people aged 65 years and over in 1998 
reported an overall intake of 1909 kcal in free living men and 1422 kcal for 
women. Changes in requirements with age depend on changes in the com- 
ponents of energy expenditure (see chapter 2). 

Basal metabolic rate (BMR) 

BMR increases with body size, particularly with lean body mass, and this 
explains why it is higher in men than women, and 10-20% lower in old 
people compared wit11 younger adults because of reduced muscle mass and 
increased fat mass with ageing. 

Physical activity 

In most working populations physical activity accounts for 10-35"/0 of total 
energy expenditure. The energy expenditure of different activities depends 
on the amount of work being carried out, the weight of the individual and 
the efficiency with which that work is carried out. In general, ageing is asso- 
ciated with a reduction in efficiency, which may make everyday tasks up to 
20% more energy-expensive in older people. A variety of degenerative and 
chronic diseases such as chronic obstructive airway disease, angina and 
arthritis are likely to limit physical activity in the elderly. 

Thermogenesis 

A fall in the capacity for thermogenesis with age may explain the increased 
risk of hypothermia in the elderly. 

Protein requirements 

Lean body mass protein falls with age and protein synthesis, turnover, and 
breakdown all decrease with advancing age. The progressive loss of protein 
appears to be a major feature of ageing throughout adult life, affecting some 
tissues, notably skeletal muscle, more than others but this erosion of tissue 
protein does not appear to be due to lack of adequate amounts of protein in 
the average diet. I11 health, trauma, sepsis, and immobilization may upset the 
equilibrium between protein synthesis and degradation. 

I .  
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r , 6.15 AGE-RELATED CHANGES IN MICRONUTRIENT 
I INTAKES A N D  REQUIREMENTS . 

Vitamins 

Because of a reduced energy requirement and the associated lower food 
intake and the increased incidence of physical diseases, which may interfere 
with absorption, metabolism and utilization, deficiency of certain vitamins 



is more likely in the elclerly than in younger adults. In the United Kingdom 
average vitamin intakes of most vitamins are above current RNIs but there 
are subgroups in which deficiencies are more likely. For example, vitamin D 
status is more likely to be poor among institutionalized elderly, particularly 
during the winter months, and intakes of folate and vitamin C are lower in 
low socioeconomic groups. 

B group vitamins 

Low intake of riboflavin in institutionalized elderly has been a consistent fea- 
ture of surveys of the elderly in the United Kingdom, with some evidence of 
biochemical deficiency in a modest proportion of elderly people. Numerous 
studies have suggested an association between neurocognitive function and 
B vitamin status in the elderly. 

Homocysteine 

Elevated plasma homocysteine is a risk factor for cardiovascular dis- 
ease. Plasma homocysteine levels increase in the elderly, partly because 
of impaired renal function but low vitamin Biz, vitamin B6, and riboflavin 
intakes contribute to elevated plasma levels of homocysteine in the eld- 
erly. Some medications may impair B vitamin status such as folate antago- 
nists including methotrexate, phenytoin, carbamazepine, and vitamin B6 
antagonists such as theophylline and azarabine. Subjects with an elevated 
plasma homocysteine compared with the lowest quintile have a significantly 
increased risk of death from vascular and non-vascular causes. Also, cogni- 
tive function is inversely related to plasma homocysteine concentratio~~s. 

Antioxidant vitamins 

Low intakes of vitamin C and associated biochemical deficiency has been 
reported in many studies of the elderly, with those living in institutions most 
at risk. There is a strong inverse association between mortality from stroke 
and plasma ascorbic acid. Low plasma concentrations of ascorbic acid and 
a-tocopherol are associated with an increase in oxidative damage after acute 
ischaemic stroke. Poor vitamin C status in the elderly may also be relevant to 
other diseases with a clear age-profile, such as senile macular degeneration 
and cataract. 

Minerals 
Sodium and potassium 

Hypertension and stroke are both more common in older people. Excess salt 
intake causes hypertension and enhances thrombosis by the acceleration 
of platelet aggregation. On the other hand, dietary potassium may protect 
against these effects. 

Calcium and vitamin D 

Many institutionalized and free-living elderly (up to 50% in some studies) 
have poor vitamin D status, and the possible causes for this include sunlight 
deprivation, decreased intake of dairy products, lactose intolerance and mal- 
absorption of fat-soluble vitamins. Bone mass declines with age, especially 



in white females; this is associated with osteoporosis and an increased frac- 
ture risk. Calcium supplements of lOOOmg daily with exercise slows post- 
menopausal bone loss. Dietary supplementation with calcium and vitamin 
D significantly reduces bone loss and reduces the incidence of non-vertebral 
fractures. 

Magnesium 

Magnesium deficiency in the elderly can occur due to low dietary intake and 
the use of diuretic therapy. Acute magnesium or potassium deficiency can 
produce cerebrovascular spasm, and the lower the extracellular concentra- 
tion of either magnesium or potassium the greater the magnitude of cerebral 
arterial contraction. 

Because of a higher prevalence in elderly people of disorders which interfere 
with efficient iron absorption, such as atrophic gastritis and post-gastrectomy 
syndromes, a proportion of elderly people have reduced dietary availability 
of iron. Blood loss due to peptic ulcer, haemorrhoids, cancer and non-steroidal 
anti-inflammatory drug use is more likely in elderly people. 

Zinc 

Studies suggest that, in the UK, institutionalized elderly subjects are at 
increased risk of zinc deficiency. Both zinc deficiency and pharmacological 
doses of zinc may adversely affect cell-mediated immunity 

6.16 ASSESSMENT O F  NUTRITIONAL STATUS IN OLDER 
PEOPLE (SEE CHAPTER 12) 

The combination of advanced age, multiple chronic diseases and use of 
drugs leads to an increased risk of protein-energy undernutrition. Problems 
in diagnosing undernutrition in the elderly are common because of physi- 
cal and biochemical changes which may take place as part of normal ageing 
processes. In addition, overt climcal signs of undernutrition may be late to 
appear and much subclinical damage may have gone uncorrected. Of par- 
ticular importance are involuntary body weight changes or values below an 
established population standard, arm muscle circumference, skinfold meas- 
urement and depressed secretory proteins. 

,:: 
:, 6.17 NUTRITIONAL STATUS IN OLDER PEOPLE 

In the community 

Provided individual elderly people are in good health, their dietary patterns 
and the foods eaten are no different from those of younger people. However, 
risk factors for undernutrition in elderly people in the community include 
those described above under 6.13. 



In acute and non-acute care settings 

In hospitals and residential/nursing homes food intakes are less than those 
reported for free-living elderly people. Undernutrition is prevalent and often 
unrecognized in patients admitted to hospitals and institutions. The effect of 
ill health on the nutritional status of hospitalized patients can be limited to 
the time of acute illness, but elderly people are particularly at risk because of 
decreased nutritional reserves and the effects of repeated ill health. There is 
a strong correlation between undernutrition and an increased risk for subse- 
quent in-hospital morbid events. 

6.18 NUTRITIONAL SUPPORT OF OLDER PEOPLE 

i Prior to coming into hospital elderly people in the community are likely to 
have decreased energy or calorie intake, low lean body mass and impaired 
immune response, all of whch  may be associated with poor nutritional sta- 

I 
I 

tus. Their nutritional status is likely to deteriorate further as the result of 
the catabolism associated with an acute illness. T h s  is compounded by the 
demands of the sometimes prolonged period of rehabilitation. Nutritional 
depletion during rehabilitation, however, may be more serious than dur- 
ing acute illness, since rehabilitation periods may extend over weeks and 
months, and weight loss, although less marked than in the early catabolic 
phase, may be greater overall. Most stroke patients who remain in hospital 

i show marked and significant deterioration in all measures of nutritional 

1 status during the hospital stay. Nutritional status is a strong and independ- 
i ent predictor of morbidity and mortality at three months following acute ! 
! stroke. 
I A systematic Cochrane Library review on protein and energy supple- 
I mentation in elderly people at risk from malnutrition concluded that sup- 

plementation produces a small but consistent weight gain with statistically 
1 

1 significant beneficial effect on mortality and a shorter length of hospital stay. 

! The poor outcome in elderly patients following acute illness may at least be 
! partly due to undernutrition, and aggressive nutritional support during the 
i 
! convalescent period is more likely to improve nutritional status and lead to 

better rehabilitation outcome, decreased readmission rate, improved quality 
I 
I of life and contribute to reducing NHS cost. 
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CHAPTER 7 

Diet for Sport and Exercise 

By the end of this chapter you should: 
understand the basic physiology of muscle contraction 
appreciate how fuels are used for different types of exercise 
understand feeding strategies for optimum physical performance for 
different situations - know of the ergogenic aids in current usage 

. .  . '. .. .. 
, . : ., . ..  . .  

, . . . 
7.1 INTRODUCTION 

Much of the daily energy and nutrient requirements for a healthy adult is 
for the maintenance of basal metabolism, which accounts for an average of 
60-75% of daily energy expenditure (see chapter 2). Requirements increase incre- 

I mentally with increased energy expenditure, however modest, and whether 
incorporated into a normal working day or as part of a fitness regimen. 
However, although the principles of energy and nutrient requirements 
do not change, people engaged in recreational or competitive sports may 
find that a particular dietary regimen improves performance. Some indi- 
viduals strive to enhance their performance through the use of foods 
and supplements targeted for the competitive sportsperson, with a variable 

I evidence-base for their efficacy. 
Physical fitness need not be the exclusive domain of the sportsperson and 

there is now a wealth of evidence that exercise makes an important contribu- 
tion to good health and helps to reduce the risk of chronic disease such as 

I cardiovascular disease and cancer. 
This chapter considers the relationships between diet, exercise and fuel 

metabolism. 

7.2 MUSCLE STRUCTURE AND FUNCTION 

To perform physical exercise our bone structure needs to be moved by 
muscle force, which is generated when chemical energy is transformed to 



mechanical energy within the muscle. Skeletal muscle consists of an outer 
layer oi connective tissue covering small bundles of muscle fibres. A mus- 
cle fibre represents the individual muscle cell and usually extends the entire 
length of a muscle. At both ends the muscle fibre fuses with a tendon, which 
is attached to the bone. The muscle fibre contains numerous myofibrils, which 
represent the contractile elements of the muscle. There are two types of 
muscle fibres, slow twitch fibres (also called type I), which are particularly 
important for aerobic exercise and are well suited for prolonged endurance 
exercise like marathon running and cycling, and fast twitch fibres (also called 
type 11), iivhch are more important for anaerobic work such as in short- 
term high intensity activities like weight-lifting or sprinting (see chapter 2). 
Interestingly fibre composition differs considerably between individuals, whch 
is largely determined by genetic background. Individuals seem therefore to 
have a genetic disposition towards high performance in some sports. 

A single motor nerve innervates several muscle fibres, and together they are 
referred to as a single motor unit. Muscle contraction is preceded by a series 
of events. First, a motor nerve impulse is generated and conducted through 
the motor neuron towards its nerve endings. There, an electrical charge can be 
generated and conducted throughout the entire muscle fibre. Muscle contrac- 
tion is dependent upon the presence of calcium ions in the muscle fibre and 
requires energy, which is provided by adenosine triphosphate (ATP), the uni- 
versal energy donor in the living cell. An extremely complex, well-orchestrated 
series of muscle contractions within numerous muscle fibres from various muscle 
groups are needed to enable even the simplest of movements. 

7.3 SKELETAL MUSCLE SUBSTRATE UTILIZATION 

The immediate source of chemical energy required for skeletal muscle to con- 
tract is provided by the hydrolysis of ATP. Because intracellular ATP stores 
are small, metabolic pathways for ATP synthesis need to be activated directly 
in response to an increase in ATP demand. The transition from rest to exercise 
is associated with an increased demand for ATP, which, at the muscular level, 
can increase more than 100-fold. ATP can be generated during anaerobic 
metabolism in all cells, through the glycolytic pathway (chapter 4), but 
muscle cells can also rely on creatine phosphate. Creatine phosphate is a high- 
energy compound stored in the muscle, the hydrolysis of which generates 
energy for ATP synthesis. A h g h  rate of synthesis of ATP can be ach~eved 
through these routes but substrates are rapidly depleted. The majority of ATP 
required for muscle contraction is generated through oxidative phosphoryl- 
ation, primarily from the oxidation of fat and carbohydrate. 

Fuel storage 

Muscle contraction occurs continuously and therefore the body needs to ensure 
a continuous supply of ATP. It does this through the use of fuels made avail- 
able through dieiand from stores (Table 7.1). Carbohydrate is stored as gly- 
cogen in skeletal muscle and in the liver. A normal healthy adult stores about 
lOOg glycogen in the liver and about three times t h s  in skeletal muscle. 
Fat is stored in adipose tissue; stores are generally between 9 and 15 kg in 
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Table 7.1 Ava;laole fuel in an average person 
- . -. . . . . .. . . - . . . . . . . . . -. . . . . . . - - . . . - . . -. 

Fuel source in weight {g)  in energy (kj) 

Fat 
plasma free fatty acids 0 4 16 
plasma TAG 4 0 156 
TAG stores 12,000 468,000 

Carbohydrate 
plasma glucose 
liver glycogen 
muscle glycogen 

Bosed on estimates for o normal. "on-obese person w i th  a body moss of -t 70kg; fat provides 39 k/lg and carbohydiote 

18 k/lg. 

the non-obese adult male weighing about 70kg but can be a great deal more. 
Additionally, the energy provision from fat is 39kJ/g, more than twice that 
from carbohydrate. 

Exercise intensity and duration 

Fat and carbohydrate are the main substrates that fuel aerobic ATP synthesis 
during prolonged exercise. Though both substrates will always contribute to 
total energy provision, their relative utilization has been shown to vary with 
the intensity and duration of exercise. 

During low intensity exercise (less than 30% of maximum oxygen consump- 
tion, V02max), most of the energy requirement comes from the oxidation of 
fat, principally from fatty acids in the circulation. During moderate intensity 
exercise fat and carbohydrate each contribute about half of the energy require- 
ment. At h g h  exercise intensity muscle glycogen becomes the most important 
source of energy However, muscle glycogen stores are limited, and cannot 
sustain exercise of long duration; tlus is a reason belund the onset of fatigue 
during prolonged endurance exercise. Trus means that pre-exercise muscle glyco- 
gen concentration is a determinant of the time of onset of exercise fatigue. 

Effects of training on fuel use 

The relative contribution of fat and carbohydrate oxidation to total energy 
expenditure during exercise is also determined by training status. Endurance 
training leads to an increased capacity to utilize fat as a substrate source and 
reduces the reliance on the limited endogenous carbohydrate stores during 
exercise. Evidence suggests that the increase in fat oxidation is accounted for 
by an increase in the concentration of intramuscular triacylglycerol and an 
increased rate of utilization. 

7.4 NUTRITIONAL STRATEGIES FOR OPTIMUM 
PERFORMANCE 

I 
Increased physical activity, however modest and through whatever means, 
will increase the requirement for energy Exercise training or competition can 

A .. 



increase the daily energy expenditure by 2-4WIJ/hour (500-1000 kcal) of exer- 
cise, depending on physical fitness, duration, type and intensity of sport. For 
this reason, athletes must *crease food consumption to meet their energy 
needs, according to the level of daily energy expenditure, This increased food 
intake should be well balanced with respect to macronutrient and micronu- 
trient composition. 

It can be difficult to maintain the required increment in energy intake 
associated with high intensity exercise, especially during competition events. 
4 professional cycling race, such as the Tour de France, can cost an athlete 
up to 40MJ/day (9,550kcal). And there is a practical limit to ingesting this 
amount of energy through solid meals. Some athletes resolve the problem by 
consuming specially-formulated fluids. 

In contrast, some athletes with high profiles, such as gymnasts and ballet 
dancers, are known to reduce their energy intake, despite their high rate of 
energy expenditure. This leads inevitably to low BWII and fat mass with asso- 
ciated effects on performance. 

Carbohydrate 

Endurance performance capacity is often limited by the availability of 
endogenous carbohydrate. For this reason athletes involved in moderate to 
h g h  intensity exercise lasting more than 45-60min may adopt strategies to 
increase muscle glycogen concentration prior to competitive events. Increases 
in muscle glycogen can be achieved through carefully-regulated exercise and 
carbohydrate-feeding regimens (carbohydrate loading) and it seems that this 
practice is commonly employed by endurance athletes throughout the world. 

Endurance exercise performance has also been shown to benefit from 
the consumption of carbohydrate during exercise itself. In this case carbo- 
hvdrates are best provided in combination with water. Studies indicate that 
although monosaccharides and disaccharides are absorbed and oxidized at 
similar rates, exercise inhibits oxidation of carbohydrate, so no more than 
-60-70 g of carbohydrate should be ingested per hour. Additionally, sports 
drinks should not have a high osmolality as t h s  would result in impaired 
gastric emptying. Following prolonged endurance exercise the restoration of 
muscle glycogen is slow. Muscle glycogen synthesis rates are highest during 
the first two hours after exercise and this offers an opportunity for the use of 
carbohydrate-rich sports drinks immediately post-exercise, to aid in recovery. 
Thereafter, moderate-to-hgh glycaemic index foods (cakes, biscuits, white 
bread) should be consumed rather than low glycaemic index foods (brown 
bread, fruit, pasta). 

Fat 

Far less information is available on the role of fat compared with the role 
of carbohydrate as a fuel during exercise. However, as endurance training 
increases fat oxidative capacity, there is interest in the potential for nutri- 
tional interventions to increase fat oxidative capacity. Interest has focused 
on the use of medium chain triacylglycerols, as these are relatively water sol- 
uble and less likely to inhibit gastric emptying than long chain triglycerides. 



Furthermore, medium chain fatty acid oxidation is not as limited by trans- 
port into the mitochondria as long chain fatty acids are. Howerrer, perform- 
ance studies have failed to show effects greater than carbohydrate feeding. 

As well as the use of fat supplements during exercise, research has also 
focused on the effect on performance of using high fat diets over a long term. 
The use of such diets provokes adaptive responses, leading to an increase in 
the capacity to oxidize fat as a fuel and the sparing of endogenous carbohy- 
drate stores during exercise. However there is little evidence that such diets 
improve exercise performance, and from a general health perspective such 
diets cannot be encouraged. 

Protein 

Evidence shows that according to the type and duration of exercise there is 
an associated increase in protein requirement. This has been explained by the 
need to repair exercise-induced muscle damage, as an additional substrate 
source during prolonged exercise, and to support training-induced muscle 
reconditioning with an associated increase in lean tissue mass. However, 
there is a strong relationship between energy and protein intake in athletes 
and increased protein needs are likely to be covered by the increase in over- 
all food intake that is usual in athletes. Nevertheless, protein requirements 
may not be met by normal dietary intake in athletes who are trying to lose 
weight, as is reported in some gymnasts, and female long distance runners. 
Resistance training is thought to increase protein requirements more than 
endurance exercise, and it is recommended that experienced male body- 
builders and strength athletes consume up to 1.6 g/kg body weight per day. 

The use of protein and/or free amino acid supplements is currently 
popular in both strength and endurance athletes, as a means of supporting 
post-exercise recovery. The combined ingestion of carbohydrate with pro- 
tein and/or specific free amino acids in the post-exercise phase has been 
shown to increase post-exercise insulin production, accelerate muscle gly- 
cogen synthesis, decrease muscle proteolysis and stimulate protein synthe- 
sis, leading to net protein anabolism. Besides providing ample substrate for 
protein synthesis and increasing insulin and/or growth hormone levels the 
ingestion of protein and/or free amino acids may also directly stimulate 
muscle protein synthesis. Research is currently underway to investigate the 
properties of individual amino acids to directly stimulate muscle protein 
synthesis. 

Fluids and electrolytes 

Most of the energy required for intensive endurance exercise is produced by 
oxidative metabolism, with an associated heat production. Much of this heat 
will be lost in sweat and at maximal sweat rates a 70 kg male athlete may 
lose >30ml/min or >1800ml sweat/hour. Dehydration substantially impairs 
exercise performance, with a -10-15% decrease in performance capacity with 
each degree increase in body temperature. With sweat loss, electrolytes are 
also excreted but because sweat has a lower mineral content than plasma 
and water intake is inadequate to fully compensate the losses, the electrolyte 



concentration in blood normally increases as a result of intense endu~ance 
exercise. 

Restoration of fluid balance after exercise is an important part of recovery, 
Rehydration after exercise can be acheved effectively only if both electrolyte 
as well as water losses are replaced. An ideal post-exercise rehydration drlnk 
should contain around 1100mg/L sodium to optimize water retention. In 
comparison, ordinary soft drinks contain virtually no sodium and are there- 
fore less suitable as a rapid rehydration solution. 

Micronutrients 

Vitamin supplements are widely used by both professional as well as rec- 
reational athletes but there is little evidence that this is either necessary or 
beneficial. Athletes who aclueve an increased energy intake to address their - - 
increased requirements will generally do so with an associated increase in 
micronutrients. An exception may be athletes who have extremely high energy 

- ~ 

requirements and who choose to consume very high energy dense foods, 
whch  can be of low nutrient density, such as cakes and carbohydrate-rich 
fluids. Those sports men and women consuming diets of low energy content 
may also be prone to a marginal vitamin intake. However, vitamin supple- 
ments in individuals showing no biochemical evidence of inadequacy have 
not been shown to improve performance. 

A specific role for antioxidant micronutrients might be argued for peo- 
ple who exercise regularly, Exercise has been associated with increases in 
free radical production in skeletal muscle, with potential for tissue damage. 
However, there is also evidence that athletes may compensate by increas- 
ing the intracellular activities of antioxidant enzymes and the benefit to be 
gained from antioxidant supplements is doubtful. 

There may be a stronger case for the use of iron supplements by some ath- 
letes. Iron loss is increased in athletes, partly due to loss in sweat, increased 
gastrointestinal and/or urinary blood loss and foot strike haemolysis, but is 
usually well compensated for by the increased dietary intake associated with 
the higher energy expenditure. Female athletes are more likely to be iron 
depleted than their male counterparts, but iron deficiency anaemia is seldom 
reported. A lower than average haemoglobin concentration sometimes seen 
in athletes can be a training-induced physiological condition, caused by an 
increase in plasma volume, so-called 'athletes' anaemia'. This physiological 
condition does not respond to iron supplementation. Iron supplements have 
only been shown to enhance performance capacity in situations in whch  iron 
deficiency anaemia exists. 

, . 
I 

# ' 7.5 ERGOGENIC AIDS 

Sports men and women the world over, seelung to enhance their perform- 
ance, have turned to the wide range of heavily-marketed sports supplements 
now available. These products range from sports drinks, hgh-energy bars 
and protein-shakes to a multitude of nutrient supplements containing vita- 
mins, minerals and free amino acids. Additionally, some products, marketed 
as ergogenic aids, contain active ingredients other than nutrients, or nutrients 



to be consumed in pharmacologicai amounts and may be marketed as f~lnc- 
tional foods. Evidence for their efficacy is generally lacking. 

Caffeine 

Caffeine has been used as an ergogenic aid but is currently included on the 
banned substances list used by the IOC (International Olympic Committee). 
Several studies have provided evidence for the ergogenic properties of caf- 
feine ingestion during prolonged endurance exercise tasks. An effective inges- 
tion dose lies between 2-5mg/kg body weight, equivalent to about 2-6 
cups of coffee. Its efficacy has been ascribed to a stimulating effect on the 
central nervous system, through the release and/or activity of adrenaline. 
Side-effects associated with caffeine use include gastrointestinal distress, 
decreased motor-control, shivering, headache, dizziness, and minor eleva- 
tions in blood pressure and resting heart rate. 

Creatine 

In healthy individuals, the total endogenous creatine pool is approximately 
120 g, most of which is located in skeletal muscle. It is replenished by endogen- 
ous synthesis and dietary intake (meat and fish). Studies have shown that 
oral creatine supplementation increases total creatine and creatine phosphate 
concentrations in human skeletal muscle and can enhance performance in 
repeated high-intensity, short-term exercise tasks, during which energy trans- 
fer is primarily derived by the ATP-creatine phosphate system. Consequently, 
creatine supplementation has become a common practice in both profes- 
sional and amateur athletes. 

Carnitine 

Carnitine plays an important role in the transport of long chain fatty acids 
across the mitochondria1 membrane, for oxidation. It has been suggested that 
increasing the intramuscular carnitine pool by using carnitine supplements 
could improve fatty acid import into the mitochondria and increase fat oxi- 
dative capacity. Carnitine is present in the diet (red meat and dairy prod- 
ucts) and can be synthesized endogenously. Studies have generally failed to 
show that supplements can raise the concentration of carnitine in muscle or 
improve exercise performance. 

Sodium bicarbonate 

Sodium bicarbonate (NaHC03) better known as 'baking soda' has also been 
used as an ergogenic aid, on the basis that it will correct a fall in intracellu- 
lar pH associated with anaerobic glycolysis. The accumulation of lactate in 
the anaerobic muscle leads to muscular pain and fatigue and the inability to 
maintain exercise intensity for a more prolonged period. Bicarbonate load- 
ing in athletes can improve performance in exercise tasks lasting between 
0.5-6.0min of near-maximal performance. Gastrointestinal distress and hyper- 
osmotic diarrhoea have often been reported following bicarbonate loading. 



KEY POlEdTS 

u 
z 
Q FURTHER READING 

Frayn K 2003 Metabolic regulation: a human perspective, 2nd edn. Portland Press, London 
Burke L M, Deakin V 2006 Clinical sports nutrition, 3rd ed. McGraw Hill, London 
Maughan R J, Burke L M, Coyle E F 2004 Foods, nutrition and sports performance 11. 

Routledge, London 
McArdle W D, Katch F I, Katch V L 1999 Sports and exercise nutrition. Lippincott, 

Philadelphia 



CHAPTER 8 

Diet and Disease 

At the end of tlus chapter you should be able to 

describe the prevalence of important chronic diseases in different 
parts of the world and be aware of the changing mortality rates in 
different countries 
use appropriate terminology to define and describe the disease or 
condition 
describe the process of development of the disease or condition 
describe the risk factors for the diseases and their nutritional and 
other determinants 
discuss the short- and long-term risks 
discuss the main approaches to prevention and treatment 

. . . .  
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8.1 INTRODUCTION ...-,,G? ... . 
. .: .. . . 

Much of our early understanding of the nature of the relationship between 
diet and disease arose from observational or experimental studies of effects 
of nutrient deprivation. In other words, diseases of deficiencies were the 
focus of interest. Thus, the 1930s, 40s and 50s saw great advances in our 
understanding of the effects of undernutrition. In some areas of the world, 
in low- and middle-income countries, effects of undernutrition, in terms of 
energy and micronutrients, are still evident, but for a great number of the 
world population malnutrition is largely a problem of over-consumption 
rather than deficiency Ths chapter examines the prevalence and causes of 
some diseases of public health importance worldwide, and discusses the role 
of diet as a preventative and therapeutic agent. 

8.2 CARDIOVASCULAR DISEASE 

Introduction 

Cardiovascular diseases account for a significant proportion of total morbid- 
ity and mortality in adults throughout the world. An understanding of the 
following terms should be useful in interpreting the literature. 



Afhe-iosclz-iosis is the basic pathological lesion which tends to occlude the 
arteries to a varying extent. A thuornbus, or clot, may further narrow the artery 
to the extent that it becomes totally blocked. VVhen atherosclerosis affects 
the arteries supplying the heart muscle (coronary arteries) the person may 
experience angina pectoris or myocardial infarction. Angina pectoris is charac- 
terized by pain in the chest which is brought on by exertion or stress, whilst 
a myocardial ieilfarction results from death of some of the heart muscle and is 
experienced as very acute and prolonged chest and often arm pain. Together 
these two conditions are referred to as coronary heart disease (CHD)  or ischae- 
m ic  heart disease. When a similar disease process influences the blood supply 
to the brain a stroke occurs which typically results in weakness or paralysis of 
one side of the body. 

Prevalence of cardiovascular disease 

In most industrialized countries CHD is the commonest single cause of death. 
- 

Overall rates are higher in men than women, though as women age CHD 
contributes a greater proportion of total mortality. There is a wide variation 
in rates between countries; at the extremes, states comprising the former 
Soviet Union have a rate of 500 per 100,000, ten times the rate of Japan. 
Even across Europe there are notable differences; rates are much higher in 
Scotland, Finland and Poland (all more than 300 per 100,000) than in France 
(about 100 per 100,000) for example. These differences are attributed mainly - . 

to differences in lifestyle and this is borne out by the fact that migrant pop- 
ulations usually adopt the risk profile of their host country. Migrants from 
Japan to USA, for example, have a much higher CHD risk than in Japan. In 
the last 30 years rates of CHD have declined in Western European countries, 
North America and Oceana whilst in Eastern European countries rates are 
rising. In some countries, said to be in a state of nutritional transition, such 
as India and South Africa, affluence and poverty tend to coexist and rates of 
CHD are rising rapidly. 

Box 8.1 shows accepted risk factors for CHD. These include non-modifiable 
factors such as age or gender, and lifestyle factors including smoking, 
physical activity and diet, or their biomarkers. Risk factors for CHD have 
principally been identified in prospective cohort studies. Many of these 
modifiable factors are associated with a graded increase in risk and in 
the case of cholesterol and blood pressure there is convincing evidence 
from randomized controlled intervention trials that lowering the risk factor 
reduces risk 

Epidemiological and experimental evidence linking diet with 
cardiovascular disease 
The link with saturated and n-6 polyunsaturated fatty acids 

The Seven Countries Study of Ancel & Keys and co-workers was absolutely 
central to our early understanding of a llnk between dietary intake and 
CHD risk. Tlus study examined the associations between dietary intakes and 
10-year CHD mortality rates of 16 population groups in seven countries. 



Box 8.1 R~sk hcrors for coronary heart d~seart. 

irreversible 
Masculine gender 

* Increasing age 
Genetic traits, including monogenic and polygenic disord 
Body build 

Potentially reversible 
Cigarette smoking 
Dyslipidaernia: increased levels of cholesterol, triglycerid 
density lipoprotein; low levels of high-density lipoprotein - Oxidizability of low-density lipoprotein 
Obesity, especially when associated with large waist circumference o r  wais 
Hypertension 
Physical inactivity 
Hyperglycaernia and diabetes 
Increased thrombosis: increased haemostatic factors and enhanced platelet agg 

High levels of homocysteine 
High levels of C-reactive protein 

Psychosocial - Low socioeconomic class 
Stressful situations 
Coronary-prone behaviour patterns: type A behaviour 

Geographic 
Climate and season: cold weather 
Soft drinking water 

A strong correlation was noted between CHD and the percentage of energy 
derived from saturated fat and weaker inverse associations were found 
between CHD and percentages of energy derived from monounsaturated and 
polyunsaturated fat. Saturated fat was believed to increase coronary heart &s- 
ease risk because of its ability to elevate blood cholesterol levels, and polyun- 
saturated fat (cluefly n-6 fatty acids) provided its modest protective effect via 
cholesterol-lowering. These observations led to many more studies and it is 
now clear that dietary saturated and n-6 polyunsaturated fatty acids act pre- 
dominantly through effects on low-density lipoprotein (LDL) cholesterol, for 
which total cholesterol is a surrogate measure. In fact the effect of altering die- 
tary cholesterol on LDL is much smaller than the effects of altering the intakes 
of various fatty acids. Experimental studies have shown large inter-individual 
variation in the lipoprotein responses to altering lipid intakes. It is thought 
that h s  can be explained by polymorphsms in key genes, but what these 
gene polymorphsms are is not yet clear. Saturated fatty acids can also increase 
CHD risk through mechanisms other than effects on Lipoproteins, including a 
lowering of insulin sensitivity and an increase in platelet aggregation. 

Nutritional and dietary determinants of cardiovascular risk 

Understanding the relationships between diet and cardiovascular disease 
risk depends upon reliable methods for estimating dietary intake as well as 
accurate incidence or mortality statistics. Early studies used national food 
consumption data, the food balance sheets of the Food and Agriculture 



Organization, or household food surveys, Positive associations with satu- 
rated fat, sucrose, animal protein and coifee, and negative correlations with 
flour (and other complex carbohydrates) and vegetables are some of the asso- 
ciations described. However, these early studies were important principally 
as hypothesis-generating and could not prove cause and effect. 

The follow-ing sections consider some of the dietary components for which 
more recent evidence suggests an association with CHD risk. 

Fish and n-3 polyunsaturated fatty acids 

Evidence has accumulated to suggest that the regular consumption of oily 
fish is protective against cardiovascular disease. The effect is ascribed to the 
high content of the n-3 polyunsaturated fatty acids eicosapentaenoic acid 
(EPA; C20:5) and docosahexaenoic acid (DHA; 22.6), which reduce plate- 
let aggregation. The n-3 fatty acids may also reduce cardiovascular risk via 
effects on car'diac electrophysiology, arterial compliance, endothelial func- 
tion, blood pressure, vascular reactivity and inflammation. 

n-6 Unsaturated fatty acids 

In addition to their potential to reduce LDL, polyunsaturated fatty acids of 
the n-6 series may also reduce CHD risk by reducing platelet aggregation. 
Oleic acid may also act as an inhibitor of platelet aggregation, though the 
effect is less than for polyunsaturated fatty acids. 

Trans unsaturated fatty acids 

Partial hydrogenation of polyunsaturated fatty acids generates trans fatty 
acids. Metabolic studies have shown that trans fatty acids elevate LDL cho- 
lesterol, decrease high-density lipoprotein (HDL) cholesterol and increase 
lipoprotein(a), which constitutes a particularly atherogenic profile. Several 
large cohort studies have found an increased risk of CHD associated with an 
increased intake of trans fatty acids. Even though trans fatty acids have been 
reduced in retail fats and spreads in many parts of the world, deep-fried fast 
foods and baked products are a major and increasing source. 

Ant~oxidant nutrients, flavonoids 

LDLs are atherogenic when the constituent lipid is oxidized. Several dietary 
antioxidants, notably p-carotene, vitamin E and vitamin C, have been shown 
to reduce LDL oxidation in vitro and some prospective epidemiological 
studies confirm these observations, especially for vitamin E and flavonoids. 
A high intake of nutrients and other substances with antioxidant activity 
may partially explain the 'French Paradox', the term used to describe the 
observation that the French have a low rate of CHD despite blood cholesterol 
levels which do not differ markedly from those in other European countries 
with much higher rates of CHD. However interventions using dietary anti- 
oxidants have not generally been effective at reducing CHD risk. 

6 vitamins 

Folate and vitamins BZ, B6 and BI2 may help to protect against cardiovascular 
disease through effects on the metabolism of the amino acid homocysteine. 



Many (mainly case-control) s-tudies have shown that an elevated plasma 
homocysteine concentration is associated with an increased risk of cardio- 
vascular disease. Diets rich in fola-te tend to be associated with low plasma 
homocysteine, and supplements of folic acid, or vitamins BZ, B6 or BI2 all have 
hornocysteine-lowering potential. However, there is little convincing evidence 
that lowering plasma homocysteine reduces risk of cardiovascular disease. 

Wholegrain cereals and dietary fibre (non-starch polysaccharides) 

High intakes of wholegrain cereals reduce the risk of cardiovascular disease. 
The protective effects may be due to the presence of non-starch polysaccha- 
rides, which have cholesterol-lowering properties, or mediated by associated 
low intakes of total and saturated fat. 

Sodium and potassium 

High sodium intake is directly associated with high blood pressure, a major 
risk factor for CHD and stroke. Studies suggest that a reduction in sodium 
intake of about 2 g per day (about 5 g NaCl), has the potential to significantly 
lower blood pressure in both hypertensive and normotensive individu- 
als. Similar effects are seen with potassium supplements and many studies 
have reported an inverse association between dietary potassium intake and 
blood pressure. The DASH (Dietary Approaches to Stop Hypertension) tri- 
als, which examined dietary approaches to reducing blood pressure, found 
the maximum effect to be achieved by a high intake of vegetables, fruit and 
low fat dairy products in conjunction with a low sodium intake. 

Nuts 
Several large epidemiological studies have demonstrated that frequent con- 
sumption of nuts is associated with decreased risk of CHD, probably because 
of their high polyunsaturated fatty acid content. 

Alcohol 
There is evidence that low to moderate alcohol consumption (equivalent to 
1-6 Units per day) lowers the risk of CHD, particularly in middle-aged men, 
possibly by raising HDL or through antioxidant effects. However, other car- 
diovascular and health risks associated with alcohol do not favour a general 
recommendation for its use as a preventive measure against cardiovascular 
disease. 

Cardioprotective dietary patterns 

A number of dietary patterns across the globe have been shown to be protec- 
tive against CHD (Box 8.2). These include the Mediterranean diet, whch  tra- 
ditionally has high intakes of fruit and vegetables and unsaturated vegetable 
oils; and certain traditional Asian diets. Unfortunately, health benefits asso- 
ciated with such traditional diets are being lost with the transition to more 
contemporary lifestyles. 

Clinical trials of dietary modification 

While prospective epidemiological studies provide strong evidence of risk or 
protection associated with individual nutrients or foods, proof of causality 



Box 8.2 Atrrtburcr cf cardioprcrecr~ve dlers 

= Low intakes of saturated fatty acids 
High intake of raw or appropriately prepared frult and vegetables 
Lightly processed cereal foods and wholegra~ns are preferred 
Fat Intakes are dertved predominantly from unmodified vegetable 011s' 
Fish, nuts, seeds and vegetable proteln sources are Important dietary components 
Meat, when consumed, is lean and eaten in small quantltles 
Energy balance reduces rates of obesity 

"Coconut or1 and palm or1 are not encouraged because they tend to  elevate LDL 

and the ultimate level of evidence for dietary recommendations requires ran- 
domized controlled trials. The early trials all focused on lowering cholesterol 
levels, usually by increas'ing the dietary po1yunsaturated:saturated (P:S) ratio. 
More recent trials have involved multifactorial interventions, including die- 
tary change intended to improve all nutrition-related risk indicators as well 
as attempts to modify risk factors which are not diet-related, such as cigarette 
smoking. Dietary intervention trials have been undertaken in people with and 
without evidence of CHD at the time the study was started - called secondary 
and primary prevention trials respectively. This section describes briefly a few 
landmark trials (Table 8.1) and presents an overview of the important investi- 
gations of this kind. 

The Los Angeles Vetevans Administvation Study examined the cholesterol- 
lowering effect of an intervention to reduce cholesterol and saturated fat 
intake in male volunteers between 55 and 89 years of age. The interven- 
tion was successful in lowering cholesterol and this was associated with a 
decrease in mortality from cardiovascular disease. The beneficial effect of the 
cholesterol-lowering diet was most evident in those with high cholesterol 
levels at the start of the study. 

The Oslo Trial was a programme of dietary advice and support to stop 
smoking among Norwegian men. All those who participated in the study 
were either smokers or had elevated serum cholesterol at the outset. The 
intervention elicited a decrease in serum cholesterol and a reduction in the 
incidence of coronary events. 

The Diet and Reinfarction Tvial (Daut trial) was carried out among men who 
had already experienced a myocardial infarction, thus it was a secondary 
prevention trial. Men were randomized to one of three interventions - (1) 
a reduction of fat intake and an increase in the ratio of polyunsaturated to 
saturated fat, (2) an increase in fatty fish intake (or fish oil supplement), 
and (3) an increase in cereal fibre. The consumption of fatty fish elicited a 
decrease in all-cause mortality but the other interventions had no effect over 
the two years of the study. 

The Lyons Heart Study was a secondary prevention trial among men with 
ischaemic heart disease. Patients either received conventional dietary advice 
or advice to follow a traditional Mediterranean diet which included more 
bread, legumes, vegetables and fruit and less meat and dairy products. This 
diet was lower in saturated fat and richer in n-3 fatty acids than the control 
diet. The group consuming the Mediterranean diet experienced a reduction 
in cardiovascular events as well as total mortality. 
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Table 8.1 R~suits of selected ~nrerdention rr:als (confidence Incei.,a.s are glven ,n parerirhcsesl 
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Trial No. of O h  reduction Odds ratios (e 

0.98 (0.77-1.26) 0.92 
0.74 (0.57-0.93) 0.85 
0.30 (0. I 1-0.82) 0.24 

GISSI-Prevenzione 

n-3 fatty acids 2836 N A 0.80 (0.67-0.94) 0.80 
vitamin E 2830 N A 0.86 (0.72-1.02) 0.88 
HOPE 151 I N A I .OO (0.89-1.13) 1.05 

The Cambridge Heart Antioxidant S tudy  ( C H A O S )  was a secondary pre- 
vention trial in which 2000 men and women were randomized to receive 
a-tocopherol (at two doses), or placebo. After 1.4 years non-fatal myocardial 
infarction was substantially reduced in those receiving a-tocopherol at either 
dose compared with the control group but there were marginally more total 
deaths in the a-tocopherol than the control group. 

The GISSI-Prevenzione S tudy  was also a secondary prevention trial, in 
this case using long chain n-3 fatty acids (eicosapentaenoic and docosahex- 
aenoic acids), vitamin E (300mg), or both, in subjects who had had a myo- 
cardial infarction. The group who received the n-3 fatty acids showed a 
decrease in cardiovascular events, including non-fatal myocardial infarction. 
A smaller, non-significant reduction in event rate was seen with vitamin E 
supplementation. 

No cardioprotective effect of vitamin E was seen in the Heart Outcomes 
Prevention Evaluatzon ( H O P E )  Sttidy in which patients at high risk of car- 
diovascular events were randomized to receive placebo, 400iu vitamin E 
(268mg) or drug treatment (an angiotensin-converting-enzyme inhibitor) 
and followed for 4.5 years. 

Conclusions 

Cholesterol lowering by dietary means reduces coronary events in the con- 
text of both primary and secondary prevention. An increase in polyunsatu- 
rated fatty acids, a reduction in saturated fatty acids, and an increase in 
non-starch polysaccharide (dietary fibre) and starch, may all help to reduce 
cardiovascular risk. Monounsaturated fatty acids have a neutral effect. 
Antioxidant nutrient supplementation is less likely to be,effective. 



Dietary advice to reduce risk of occurrence or recurrence of cardiovascular 
events hc l~ldes  a reduction in sa-harated fatty acids and an increase in fruit, 
vegetables and low fat dairy products. Foods to be eaten regularly include 
pulses, fresh fruit, vegetables (starchy and non-starchy, salad vegetables), 
breads and cereals, brown rice and wholemeal pasta, fish, lean meat or poul- 
try, nuts. Foods to eat only occasionally include cakes, crisps, chips, white 
bread, full fat cheeses, butter. Foods to avoid include chps  cooked in drip- 
ping, lard or hardened margarine, sugar-coated cereals, meat fat, processed 
meat, cream. 

I- 
, LU - 8.3 DIABETES 

Introduction 

Diabetes mellitus is a metabolic disorder of multiple aetiology character- 
ized by chronic hyperglycaemia associated with impaired carbohydrate, fat 
and protein metabolism. These abnormalities are the consequence of either 
inadequate insulin secretion or impaired insulin action, or both. A diagnosis 
of diabetes melli tus is made on the basis of elevated plasma glucose concen- 
tration, either in a fasted or non-fasted blood sample or following a glucose 
load. The three most common forms are type 1, type 2 and gestational diabe- 
tes, which is defined as any degree of glucose intolerance with onset or first 
recognition during pregnancy. Type 2 diabetes is often associated with other 
metabolic disturbances and cardiovascular risk factors, collectively referred 
to as the metabolic s ~ p d r o m e  (see section 8.5). 

Aetiology and pathophysiology of diabetes rnellitus 
Type I diabetes mellitus 

Type 1 diabetes is considered to be an autoimmune disease characterized 
by a cell-mediated autoimmune destruction of pancreatic @-cells that results 
in a partial or total inability to secrete insulin, and life-long need for insu- 
lin administration. Genetic factors make an important contribution to this 



condition but do not fully explain its aetiology. Environmental factors could 
contribute to the pathogenesis of type 1 diabetes meliitus through a direct 
toxic effect on the O-cells, triggering an autoimm~me reaction against the 3- 
cells, or da rnapg  @-cells so as to increase their susceptibility to autoimmune 
destruction. Environmental factors include drugs or chemicals, viruses and 
dietary factors. There is, for example, evidence for a close relationslup between 
cow's milk consumption and incidence of type 1 diabetes in childhood. 

Type 1 diabetes develops over many years, and can be considered as 
a multistage process starting with a genetic susceptibility, requiring a trig- 
gering event, progressing to active autoimmunity, gradual loss of glucose- 
induced insulin secretion and finally to overt diabetes. In metabolic terms, a 
failure to secrete insulin leads to hyperglycaemia because of increased glu- 
cose production by the liver and reduced glucose utilization by peripheral 
tissue (Fig 8.1). The liver increases the rate of gluconeogenesis from extra- 
hepatic fuels including alanine, lactate and glycerol. Glucose utilization 
decreases as a result of the failure of insulin to adequately facilitate glucose 
entry into cells, resulting in an increased availability of free fatty acids. An 
increased rate of fatty acid oxidation leads to an increase in the production of 
ketone bodies by the liver. Ketone bodies are an important fuel for the brain 
in times of reduced glucose availability. All these metabolic abnormalities 
account for the classic symptoms and signs of the disease, such as glycosu- 
ria, polyuria, polydipsia (tlurst), and weight loss. 

Type 2 diabetes mellitus 

Type 2 diabetes mellitus accounts for the great majority of all cases of dia- 
betes. Type 2 diabetes, until recently referred to as non-insulin-dependent 
diabetes, is characterized by disorders of insulin action and secretion. These 
individuals may not require insulin treatment. Most of these patients are 
obese or have increased body fat predominantly in the abdominal region. 
The incidence and prevalence is increasing in the adult population but 
reports also indicate an emerging problem among chldren and adolescents. 

Adipose tissue 
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Figure 8.1 Consequences of high insulin deficiency in type I diabetes rnellitus. FFA, free fatty 
acids; GNG, gluconeogenesis; GGL, glycogenolysis; KG, ketogenesis. 



Patients xivith :ype 2 diabetes have hire major mekabolic defects: (1) impaired 
insulin secretion, (2) resistance to insulin action at the liver, skeletal mus- 

cle rnd tissue. Although genetic factors may play a role in the devel- 
opment of this disease, diet, including a h g h  intake of saturated fats, obesity 
and a sedentary hfestyle are considered to be the main risk factors predispos- 
ing to the disease. Macrovascular complications such as myocardial mfarction, 
heart failure and acute stroke account for much of the morbidity and associ- 
ated mortality. Type 2 diabetes is often associated with other factors including 
raised arterial blood pressure, raised plasma triacylglycerols and central obes- 
ity together comprising the condition known as 'metabolic syndrome'. 

Although type 2 diabetes is understood to be a disease primarily of insulin 
resistance at peripheral tissues, the secretion of insulin by the P-cells of the 
pancreas is inappropriately low for a given plasma glucose concentration. 
The main feature of the defect in insulin secretion seems to be a loss of sensi- 

I tivity to glucose by the (3-cell and a resulting impaired insulin secretion. The 
exact mechanisms for this defect are not understood but people with type 2 
diabetes do have a smaller number of @-cells in their pancreas, and the $-cells 
themselves have certain abnormalities. 

The main pathological feature of type 2 diabetes is insulin resistance, in 
which a given concentration of insulin produces a less than normal biological 
response. Insulin has a range of metabolic effects in the body, predominantly 
leading to the storage of nutrients (as glycogen, fat and protein). In addition, 
insulin regulates water and electrolyte balance and stimulates cell growth 
and differentiation. The underlying mechanisms for insulin insensitivity are 
not completely understood but evidence suggests that defects in insulin sig- 
nalling, glucose transport and metabolic pathways of intracellular glucose 
utilization may all be involved. 

Central to the altered biochemistry of type 2 diabetics is the fact that the 
uptake of glucose by skeletal muscle and adipose tissue is impaired with a net 
rise in blood glucose in both the fasted and the post-prandial state. It has been 
demonstrated that the ability of insulin to stimulate glucose uptake by the skele- 
tal muscle is reduced by 40-50% in diabetic patients compared with normal sub- 
jects. Additionally, in type 2 diabetes, particularly when associated with obesity, 
the ability of insulin to suppress lipolysis is markedly impaired and there is an 
increased flw of free fatty acids (FFA) from adipose tissue into the plasma. The 
result is a chronic elevation of plasma FFA and triglyceride levels together with 
excessive deposition of fat in various tissues. In addition, type 2 diabetic patients 
tend to have abnormally increased glucose production in the post-absorptive 
state, which contributes to fasting hyperglycaemia. Although lifestyle factors are 
considered to be the most important determinants of type 2 diabetes there may 
be a contribution by mutations in some genes important to insulin secretion and 
effectiveness. Evidence suggests that defects in indwidual genes are unlikely to 
be important unless they occur in a large number at the same time. 

Vascular complications 

Microvasculoture 

Patients with diabetes can develop a number of complications, including 
those of the vasculature. Retinopathy can result from abnormalities in the 



microvasculature, is a fea-bure of longstanding type 1 diabetes and can occur 
in type 2 diabetes. In some patients this leads to blindness. Nephropathy 
(damage to the kidney) occurs in about one-quarter of patients with type 1 
diabetes, but is much rarer in type 2 diabetes. 

The degree and duration of hyperglycaemia seems to be a key factor in the 
development of these vascular complications. Additionally, hypertension, 
smoking and hyperlipidaemia are contributory factors. Intervention trials in 
type 2 diabetic patients have clearly shown that improving blood pressure 
control significantly reduces the onset and progression of both nephropathy 
and retinopathy. 

Macrovasculature 

Diabetic patients have an increased risk of cardiovascular disease, primarily 
because several important risk factors are raised in diabetes, such as plasma 
cholesterol and triacylglycerol. Atherosclerotic arterial disease may manifest 
clinically as coronary heart disease, cerebrovascular disease or peripheral 
vascular disease. Improved blood lipid profile and a reduction in blood pres- 
sure sigruficantly reduces cardiovascular risk in these patients. Multi-targeted 
interventions that include a better control over blood glucose seem to be par- 
ticularly effective. 

The increased risk of cardiovascular disease in diabetic patients may be 
mediated by endothelial damage. Endothelial damage may lead to athero- 
sclerotic plaque formation, and an associated increased likelihood of throm- 
bus formation and acute ischaemia. 

Strategies to reduce risk of cardiovascular disease in diabetic patients 
should pay attention to blood glucose control, but should also address 
plasma lipid profile, blood pressure, platelet aggregation, obesity, physical 
activity, and smoking habits. 

Management of diabetes mellitus 
Diet 

The overall objective in the management of patients with diabetes mellitus is 
to reduce the risk of cardiovascular disease. Nutritional management is the 
cornerstone of treatment, both for types 1 and 2, and complements the use of 
hypoglycaemic drugs or insulin. Dietary recommendations for people with 
diabetes are very similar to those given to the general population for the pro- 
motion of good health. Dietary strategies for patients with diabetes have to 
be considered as lifelong strategies. 

The majority of patients with type 2 diabetes are overweight or obese, 
and this is becoming more common in patients with type 1 diabetes, espe- 
cially in those following intensive insulin therapy. Reduction in body weight 
improves outcomes in patients with both type 1 and 2 diabetes. Blood glu- 
cose control, insulin resistance, blood pressure and lipid abnormalities have 
all been shown to improve in association with weight reduction. 

Dietary intervention can also be effective in preventing the onset of type 
2 diabetes in high risk individuals. Intervention trials have shown that 
weight loss achieved in h g h  risk individuals consuming diets with reduced 



saturated fat and increased dietary fibre, in conjunction with incrased physi- 
cal activity, can reduce risk of type 2 diabetes. 

Experts agree that patients with diabetes should consume diets in which 
the energy from saturated fat is less than 10% of total energy intake and cho- 
lesterol intake less than 300mg per day. Foods rich in dietary fibre and/or 
with a low glycaemic index make an important contribution to glucose con- 
trol and can improve blood lipid profile, therefore legumes, fruits, cereals and 
other vegetables are recommended. The effectiveness of a meal in modulat- 
ing blood glucose is related to the glycaemic index of the constituent foods. 
The glycaemic index is a measure of the extent to which a food raises blood 
glucose concentration compared with an equivalent amount of a reference 
carbohydrate (glucose or white bread). A diet containing mainly low gly- 
caemic index foods improves the metabolic control in diabetic patients and 
may have favourable effects on other cardiovascular risk factors. Therefore 
foods with a low glycaemic index (eg legumes, oats, pasta, parboiled rice, 
and certain raw fruits) should replace, whenever possible, those with a high 
glycaemic index. Additionally, in accordance with general guidelines for the 
promotion of good health, diabetic patients should consume less than 6 g salt 
per day to control blood pressure and restrict their daily alcohol intake to 
one or two units alcohol (womer~ and men respectively). 

Physical activity 

Aerobic physical activity of moderate intensity but performed on a regular 
basis (daily or at least 4 times/week) has been shown to improve blood glu- 
cose control, reduce insulin resistance, induce favourable effects on other 
cardiovascular risk factors, prevent the incidence of type 2 diabetes and 
reduce cardiovascular and total mortality. In type 1 diabetic patients, gly- 
caemic changes during exercise depend largely on blood insulin levels and, 
therefore, on insulin administration. Hyperinsulinaemia may cause hypogly- 
caemia, while hypoinsulinaemia may lead to hyperglycaemia. The risk of 
hypoglycaemia during exercise can be reduced by consuming 2 0 4 0  g extra 
carbohydrate before and hourly during exercise and/or by reducing pre- 
exercise insulin dosages. In type 2 diabetic patients, exercise reduces insulin 
resistance and therefore increases peripheral glucose uptake but an associ- 
ated decrease in insulin secretion means that hypoglycaemia is rare and extra 
carbohydrate is generally not required. 

Hypoglycaemic oral agents and insulin therapy 

Patients with type 2 diabetes who do not respond adequately to a diet and 
exercise regimen will be given oral hypoglycaemic medication. Metformin 
induces weight loss and contributes to the normalization of blood glucose 
and for these reasons is considered the first choice drug in the treatment of 
overweight diabetic patients. Sulphonylureas are generally employed for 
normal weight patients. If adequate glucose control is not achieved with 
the use of either or both of these drugs or other drugs in current use, insulin 
therapy can be included in the treatment. 



Insulin is central to the management of type 1 diabetes, and, when diet 
and oral hypoglycaemic drugs prove inadequate, may also be useful for type 
2 diabetic patients. Insulin therapy is tailored to each patient but is com- 
monly administered by injection three times a day, the goal of the treatment 
being maintenance of blood glucose w i t h  defined limits, both under fast- 
ing and post-prandial conditions. 
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8.4 CANCERS 3 - 
A 

Introduction 

Cancer is defined as a disease in which the normal control of cell division is 
lost, so that an individual cell multiplies inappropriately to form a tumour. 
Cancer can arise from different tissues and organs in the body, thus there 
are many different types of cancer. The commonest sites of origin of cancer 
among people in Western, industrialized countries are the lung, breast, large 
bowel and prostate. In developing countries, the commonest sites are cancers 
of the lung, stomach, breast and liver. 

Various factors can cause cancer, such as tobacco, alcohol, ionizing radia- 
tions, ultraviolet light, certain infections and hormones. The causes of cancer 
in different parts of the body vary - for example tobacco causes cancer of the 
lungs and many other tissues, but has almost no effect on the risk for devel- 
oping cancers of the breast and prostate. Dietary factors are thought to be 
very important in determining the risk for developing cancer, but establish- 
ing the exact effects of diet on cancer risk has proved difficult, and currently 
few dietary factors have been clearly shown to be important. 

Distribution of cancers throughout the world 

Figure 8.2 shows age-standardized incidence rates for the common cancers in 
developed and developing countries. Lung cancer is the commonest cancer in 
men in both developed and developing countries. Cancers of the prostate and 
colorectum are the next most common in developed countries whilst in devel- 
oping countries cancers of the stomach and liver are the most common after 
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Figure 8.2 Age-standardized incidence rates of the most common cancers in men (top) and 

women (bottom) in developed and developing countries. 

lung cancer. Breast cancer is by far the most common cancer among women 
in both developed and developing countries. Cancers of the colorectum and 
lung are the next most important in developed countries, wlulst in develop- 
ing countries cancer of the cervix has a similar incidence to breast cancer. 

Cancer rates in the UK 

The four commonest cancers in the UK are cancers of the lung, breast, colo- 
rectum and prostate - together these account for over half of all new cancer 
cases. In men, lung cancer rates have shown a steady fall since the 1970s due 
to reductions in cigarette smoking (Fig 8.3). In contrast, prostate cancer rates 
have increased markedly over the last 40 years, due partly to increased and 
earlier detection. In women, breast cancer: incidence rates have increased 
over the last 40 years, with a steep increase around 1990 largely due to 
increased and earlier detection. Lung cancer rates have increased substan- 
tially in women due to increases in cigarette smoking. 

Pathophysiology of cancer 

Most cancers develop from a single cell that grows and divides more than it 
should, resulting in the formation of a tumour or cancer. Cancers growing in 
most tissues take the form of a lump that grows, invades local non-cancerous 
tissues, and may spread to other parts of the body through the bloodstream. 
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Figures 8.3 Trends in incidence for the four commonest cancers among men (top) and woman 

(bottom) in England and Wales 197 1 - 1 998. 

Cancers arising in the cells of the blood, such as leukaemia, do not form a 
lump because the cells are floating freely throughout the bloodstream. Most 
deaths due to cancer are caused by the spread of the cancer from its site of ori- 
gin into adjacent areas and to other parts of the body The transfer of the cancer 
from one site to another site not directly connected with it is called metastasis. 

The change from a normal cell into a cancer, termed carcinogenesis, is a 
multi-stage process and can take several decades; consequently incidence of 
most cancers is highest among the elderly. Carcinogenesis is fundamentally a 
process of alterations (mutations) in DNA. Typically the change from a nor- 
mal cell to cancer requires mutations in a few different genes. Mutations in 
genes involved in the control of cell division and cell death (apoptosis) are 
especially important. Some mutations are mherited, while others are caused 
by factors such as ionizing radiation, chemical carcinogens and viruses. 

The key genes in carcinogenesis can be considered in two classes: onco- 
genes, genes that when over-activated lead to over-stimulation of cell growth 
and cell division; and tumour suppressor genes, which normally limit the 
rate of cell division. 

Inherited genetic factors in carcinogenesis 

For the common types of cancer, current estimates are that inherited genetic 
factors contribute no more than 5% to the cases of cancer arising in a 



population. Inherited genetic factors (as opposed to muta%ions in genes that 
can occur during a person's lifetime) can be considered in two classes: high 
risk mutations and low risk genetic polymorphisms, 

Inherited high uisk mzitntions increase the risk of cancer by up to 50 times, 
but such mutations are quite rare. These types of mutations cause clusters 
of cancers within families; well known examples are HNPCC (hereditary 
non-polyposis colon cancer gene) that gives a high risk for colon cancer, and 
BRCAI and BRCA2 (breast cancer 1 and 2 genes) that give high risks for both 
breast and ovarian cancer. At- present, there is no strong evidence that dietary 
factors can modulate the effects of genes such as these on cancer risk. 

Lozo visk polynzouphisms: Mutations that occur with a frequency of more 
than 1% in a population are termed polymorphsms and they typically confer 
only a small increase in risk for cancer and do not cause clusters of cancers in 
families. There is currently great interest in the impact that gene polymor- 
phism~ can have on the cancer burden of a population, and the interaction 
of diet with gene polymorphisms is an area of active current research (see 
chapter 11). 

Non-dietary causes of cancer 

The proportions of cancer due to avoidable causes have been estimated by 
Doll & Peto and are shown in Table 8.2. These estimates apply to Western 
countries such as the USA or the UK; in developing countries the propor- 
tion of cancer due to infective factors would be higher. Worldwide, the most 
important preventable cause of cancer is tobacco, which causes cancers of 
the mouth, pharynx, oesophagus, larynx, lung, pancreas, kidney (pelvis) and 
bladder. Infectious agents are responsible for about 9% of cancers worldwide, 
with the proportion being higher in developing countries. For example, hep- 
atitis B and C viruses cause liver cancer, human papillomavirus causes cervi- 
cal cancer and the trematode worm, Schistosoma haematobium, is a major cause 
of bladder cancer in Egypt and Tanzania. Hormonal and reproductive factors 
are important determinants of cancers of the breast, ovary and endometrium 

Tobacco 
Diet 
Hormonal factors 
Alcohol 
Infections 
Ionizing radiation 
Occupation 
Pollutants 
Ultraviolet light 
Medical drugs 

Adopted from Doll & Peto 2003 



and childbirth recluces the risk for all three. Ionizing radiation makes a mod- 
est contribution to cancer causation; in -the UK, for example, approximately 
5% of lung cancers are due to naturally occurring radon gas inside buildings. 
Finally, a small proportion of cancers is caused by factors such as ultraviolet 
light, medical drugs, occupational exposures and pollution. 

Diet and cancer 

Dietary factors can both increase or reduce the risk for developing cancer, 
and the size of the effect on risk may be small or moderate (usually less than 
two-fold), compared to the very large effects of some other agents. 

For all the common cancers, rates vary widely between populations 
in different parts of the world and when people migrate from one coun- 
try to another they typically adopt the cancer rates of their new host coun- 
try, indicating the importance of environment in determining cancer risk. 
Comparisons of dietary patterns and cancer rates in different countries have 
generated useful hypotheses llnking diet with cancer risk. For example, this 
type of study led to the hypothesis that high intakes of meat may increase 
the risk for colorectal cancer, and that high intakes of fat may increase the 
risk for breast cancer. Hypotheses generated by these sorts of studies can be 
tested in case control and prospective cohort studies and randomized con- 
trolled trials (refer to chapter 12 for an explanation of study design). 

Case control studies compare dietary intake, or biomarkers of dietary 
intake, in people with cancer with people who do not have cancer. However, 
case control studies suffer from bias in dietary recall in cancer patients and 
results need to be interpreted cautiously Prospective cohort studies col- 
lect dietary intake data, or collect blood for biomarkers measurements, in a 
healthy cohort and make comparisons between those people who develop 
cancer with those who do not, at a later date. Randomized trials eliminate 
bias, and positive results from such trials provide clear evidence that the 
intervention has caused the change in cancer risk. Generally however, such 
trials test the efficacy of a nutrient supplement and intervention trials of 
foods or dietary patterns are uncommon even though they would be much 
more informative. 

Mechanisms for effects of dietary factors on cancer risk 

Dietary mutagens 
Dietary factors may affect the chances of developing cancer in various ways. 
Diet may increase risk by supplying mutagens that directly damage the host 
DNA. Two important examples are aflatoxin and Chinese-style salted fish. 
Aflatoxin is a food contaminant produced by the fungus Aspergillus; high 
levels of aflatoxin can occur in foods such as grains, oilseeds, nuts and dried 
fruit stored in hot and humid conditions, and, together with active hepati- 
tis due to hepatitis B virus, can cause liver cancer. Chinese-style salted fish, 
which can contain high levels of nitrosamines, increases the risk for nasopha- 
ryngeal cancer. 

Other food components that may increase cancer risk due to their muta- 
genic effects include nitrites and their related compounds found in smoked, 



salted and some processed meat products. Cooked meat and fish can contain 
moderately high levels of heterocyclic amines and po?ycyclic aromatic hydro- 
carbons, which might increase risk in particular for colorectal cancer. 

Alcohol 

High alcohol consumption causes cancers of the mouth, pharynx, larynx, 
oesophagus and liver, and even moderate alcohol intakes causes a small 
increase in the risk for breast cancer. This effect of alcohol may act through 
enhancing the action of carcinogens or via the effects of acetaldehyde which 
is produced when ethanol is metabolized (see chapter 4). The increase in 
breast cancer risk due to alcohol intake may be from effects on oestrogen 
metabolism. 

Energy balance 

Obesity in humans increases the risk for several types of cancer (oesophagus, 
colorectum, breast, endometrium, kidney). Although the underlying mecha- 
nisms are not well understood, effects of obesity on breast and endometrial 
cancer are likely to be mediated by the actions of oestrogen, which is present 
in higher levels in the blood of obese women than non-obese women and 
which enhances cell proliferation in vitro. 

Dietary fibre and bowel function 

Diets high in fibre have generally been associated with a reduction in the risk 
of colorectal cancer in both animal and human studies, although it is not clear 
whether the fibre itself or other substances found in high fibre foods such as 
vegetables, fruits, cereals and pulses are associated with the beneficial effect. 
High intakes of fibre reduce transit time through the colon and may thus 
minimize the absorption of carcinogens by the colonic mucosa. Dietary fibre 
may also reduce exposure to carcinogens through dilution of the gut contents 
and/or by binding the carcinogens for faecal excretion. Finally, fermentation 
of fibre in the large bowel produces short chain fatty acids, such as butyrate, 
which may protect against colorectal cancer through the ability to promote 
differentiation and induce apoptosis. 

Vitamins and minerals 

Some prospective cohort studies suggested that some vitamins and miner- 
als with antioxidant activity might protect against certain cancers. However, 
results of randomized controlled trials have generally been unsupportive. 
There continues to be an interest in folate because of its role in DNA synthe- 
sis and stability, and some prospective cohort studies support a role for folate 
in protecting against colorectal cancer. 

Plant anti-carcinogens 

In addition to vitamins and minerals, many compounds in plants that are 
not nutrients are under investigation for possible anti-carcinogenic proper- 
ties. Examples include: flavonoids such as quercetin found at h g h  levels in 
apples, onions and tea; carotenoids such as lycopene and lutein found in 
tomato products and green vegetables, respectively; isothiocyanates, pre- 
dominantly found in cruciferous vegetables; sulphur-containing compounds 



found predominantly in the Alliurn species, garlic, onions and leeks; and 
phytosterols, found in a wide variety of fruit and vegetables. Some of these 
compo~mds are cholesterol-lowering agents and may also exhibit anti-cancer 
properties via several pathways such as regulation of signal transduction 
pathways that regulate tumour growth and apoptosis. Phyto-oestrogens 
such as isoflavones derived from soyabeans, and lignans derived from whole 
grain products, have received particular attention because of their possible 
anti-oestrogenic effects that might reduce breast cancer risk. 

Recommendations for reducing cancer risk 

Various bodies have made recommendations for reducing cancer risk. The 
most recent set of recommendations comes from the recent WCRF/AICR 
Report on Diet, Physical activity and Cancer. The personal recommendations 
are summarized in Box 8.3. 

. . 
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Introduction 

Obesity has become the major nutrition related disease of this decade, and is 
defined as a condition of excessive body fat accumulation to an extent that 
increases the risk of complicating diseases. Obesity is largely preventable 
through changes in lifestyle, especially diet. 

Epidemiology of obesity 
Definition of obesity 

Obesity is not a single entity, but it is most commonly classified by a single 
measure, the body mass index (BMI), which is weight a's a function of height: 

BMI = weight (kg)/height2 (m2) 

The World Health Organization (WHO) classifies underweight, normal 
weight, overweight and obesity according to categories of BMI (Table 8.3). 
BMI does not, however, distinguish fat from lean tissue or water nor identify 
whether the fat is accumulated in particular sites such as the abdomen where 
it has more serious metabolic consequences. Techniques such as bioelectric 
impedance to estimate body fat and DEXA-scans to separate body mass into 
fat-free mass (FFM) and fat mass are increasingly used, although simple 
waist circumference is increasingly recognized as an easy and valid measure 
of abdominal obesity and risk of the metabolic syndrome (see below) and 
associated diseases. Waist:hp ratio and skinfold thickness may also be used 
to verify fatness in individuals. The cut off points for waist circumference 
and waist:hip ratio are shown in Table 8.4. 

Prevalence and time-trends of overweight and obesity 

The prevalence of obesity is increasing worldwide in almost every country 
and in all age groups. In 2001 in the UK 21% of men and 24% of women were 

.- - . . . - . . - - - . -. . . . . . - 

GTable8.3 The classtfication of underweight, normal weight and classes of overweighr 
i Caucasians according to WHO 

. . - -. . . 

I 
- . . - - - - . -. - 

Classification BMI (kg/m2) Risk of co-morbidities , -. . . - -. . - -. . . . -. . . -. -. . - -. . - . . -. . . - I 

Underweight 

Normal range 
Overweight* 

Pre-obese 
Obese 

Class I 
Class II 
Class Ill 

Low (but risk of other clinical problems 
increased) 
Average 

Mildly increased 

Moderate 
Severe 
Very severe 

*The term overweight refers to o BMI > 25, but is frequently adopted to refer to the BMI 25-29.9, differentioting the 

pre-obese from the obese categories 



obese and a further 47Oh of men and 33% of women were overweight (BMl 
25-30kg/m2). In the United States of America the situation is even worse, 
In the USA in 2000 the prevalence of obesity was 31% compared to 23% in 
1988-94. Europe is following the track of the USA, but is about 10 years 
behmd. Obesity is now apparent in even some of the poorest countries of the 
world. The proportion of obese people increases with age until around the 
age of retirement. 

Attention is increasingly focused on young people, in whom the problem 
of overweight and obesity has become more pronounced. In the UK in 1997, 
4% of 14-18-year-olds were obese and a further 15% were overweight. There 
is a higher than expected level of obesity among certain ethnic groups living 
in Europe, probably due to increased genetic susceptibility to the European 
lifestyle. Obesity rates are highest among people of Indian, Pakistani and 
black Caribbean origin, and the prevalence of obesity in young people of 
Asian origin is 3-4 times higher than among whtes. 

Risks of obesity 

Obesity is a risk for health and social and psychological reasons. The increase 
in obesity rates has an important impact on the global incidence of cardio- 
vascular disease, type 2 diabetes mellitus, cancer, osteoarthritis, infertility, 
birth complications, work disability and sleep apnoea. Obesity has a more 
pronounced impact on morbidity than on mortality, but a BMI of 40 kg/m2 is 

I associated with a decreased life expectancy of around 10 years. 

Psychological and social 
I 

Most overweight subjects suffer from low self-esteem. They are discrimi- 
1 nated against and can experience heat intolerance, difficulties with physical 

activity, and sexual problems of a psychological and physical nature. 

Type 2 diabetes 

Overweight and obesity are the major causes of the development of type 2 
diabetes in individuals with a h g h  genetic susceptibility to the disease. Type 2 
diabetes (see section 8.3) occurs 50-100-fold more frequently in obese subjects 
than in lean subjects. Diabetes is the most important medical consequence of 
obesity because it is common, has serious complications, is difficult to treat, 

Waist circumference (crn) 2 94 2 8 0  2 1 0 2  2 8 8  
Waist:hip ratio >0.9 >0.85 > I  > I  



reduces life expectancy by 8-10 years and is sxpensive to manage. Some of 
the metabolic defects accompanying impaired glucose tolerance (IGT) and 
type 2 diabetes are reversible with weight loss, d e s s  the diabetes has per- 
sisted for too long, Even a modest weight loss of 3-5% achieved by diet and 
slightly increased daily physical activity is sufficient to prevent nearly 60% of 
all new cases over a 65-year period. It is the weight loss per se, not a specific 
diet or the physical activity that is important. 

Cardiovascular disease 

See section 8.2 

increased blood pressure (hypertension) 

The risk of developing hypertension is 5-6 times greater with obesity. Blood 
- - - 

pressure is positively correlated with both abdominal circumference and 
with the degree of obesity. Insulin resistance and hyperinsulinaemia appear 
to be responsible for the hypertension. Even a small weight loss can result in 
a marked drop in blood pressure, and weight loss is a much more effective 
treatment than salt restriction. 

Atherosclerosis, ischaernic heart disease and stroke 

The risk of developing ischaemic heart disease or stroke is 2.5 and 6 times 
greater, respectively, in people with a pronounced abdominal fat distribution. 

Arthritis urica (gout) 

Gout is a frequent complication of obesity. Plasma urate is increased in the 
majority of patients, but clinical symptoms are observed in only a minority. 

Metabolic syndrome 

The metabolic syndrome encompasses i n s u h  resistance, hypertension, 
increased plasma VLDL and reduced HDL cholesterol and abdominal obes- 
ity. Hormones and substrates secreted by the adipose tissue are thought to be 
the main cause. This syndrome is also known as insulin resistance syndrome, 
since the main consequence is reduced sensitivity to the action of insulin. 
A variety of risk factors for the development of cardiovascular disease appear 
to be associated with t h s  syndrome, wluch links obesity with the most sig- 
nificant health complications (type 2 diabetes, hypertension and atherosclero- 
sis). Factors other than obesity are significantly associated with the metabolic 
syndrome, including fat distribution, level of physical activity and genetic 
disposition. ~reatment of the metabolic syndrome is weight loss and physical 
activity A suggested definition of the syndrome by WHO is: 

Insulin resistance (hyperinsulinaemia), and at least two of the following 
components: 

abdominal obesity 
glucose intolerance 

* high blood pressure 
dyslipidaemia: high triglyceride and/or low HDL cholesterol 



Other eompiicoti.ans 

Obesity is a risk factor for osteoarthitis in the weight bearing joints, infer- 
tilib] and numerous endocrinological conditions, hypoventilation syndrome 
and sleep apnoea, liver and gallstone diseases, osteoarthritis and numerous 
cancers, especially colorectal cancers in men, and endometrial, gall bladder, 
cervix, breast and ovary cancer in women. Surgery has an increased risk of 
complications and hospital admission time is generally prolonged. 

Causes 
Genetics 

In only a minority of cases is obesity caused by a chromosome abnormal- 
ity, a mutation in a single gene or classic endocrine disorder. Most cases 
of obesity are due to an inadequately functioning appetite regulation 
and energy metabolism, where the energy density and fat content of food and 
drink are too high, mealtimes are irregular, daily physical activity is limited 
and inactivity has become a characteristic of everyday life. An unlimited 
supply of cheap, tasty foodstuffs and larger food portions also help to pro- 
mote overweight and risk of obesity. Single-gene mutations that cause obes- 
ity in humans are extremely rare. One example is the Prader-Willi syndrome 
caused by absence of a paternally-derived region on chromosome 15. 

It is commonly observed that obesity 'runs' in families, but could be 
genuine genetic inheritance or inheritance of environmental/lifestyle fac- 
tors. The genetic component is rather perceived as a predisposition, whch 
is expressed only when certain environmental factors are favourable. The 
most important environmental factors that are generally acknowledged to 
trigger obesity are a high dietary fat content, energy-rich drinks, a low level 
of pl~ysical activity and irregular mealtimes, though stopping smoking and 
pregnancy also play a role. The genetic component may be expressed in a 
number of ways such as abnormal lipid metabolism, poorly regulated appe- 
tite at a low level of physical activity, increased preference for fatty tastes, 
and a reduced ability to spontaneously increase energy expenditure during 
periods of overeating. 

Changes in environment and lifestyle 
Physical activity 

In high- and middle-income countries the level of physical activity has fallen 
dramatically in the last 50 years, with the replacement of manual labour with 
m a c h e s  and the increased use of physical aids for housework, transport 
and leisure pursuits. Low daily physical activity is a risk factor for weight 
gain and one or two short weekly walks are not sufficient to compensate 
for t h s .  Only by regular physical activity is the capacity for fat oxidation 
increased and appetite regulation improved, depending on the intensity, 
length and frequency of the bouts of activity. The 30-minute daily physical 
exercise currently recommended by the American Heart Foundation and 
WHO, for example, is not enough to prevent weight gain and obesity in indi- 
viduals predisposed to obesity - 45-60 minutes of daily activity is required. 



Energy merobolism 

A low relative basal metabolic rate (BMR in kJ/kg FFM) is known to increase 
the risk of weight gain, but this is likely in only a minority of obese people. 
Physical activity is often reduced, but as a result of the increased body mass 
the energy expenditure in carrying out a given activity increases, so energy 
expenditure is not reduced with obesity. Overweight patients often claim 
that they eat next to nothng and their dietary records apparently verify that 
the patient ingests only 4-6MJ/d, despite weight stability. Measuring energy 
metabolism in these patients using double-labelled water (see chapter 2) 
shows the phenomenon to be due to a systematic under reporting, presum- 
ably not acknowledged by the patients themselves. 

Diet composition and drrnks 

The prevalence of obesity in high income countries has risen slowly from - 
about 1920, with a dramatic increase in the years after the Second World War. 
During this period the diet has changed from consisting mainly of carbohy- 
drate-rich foods (potatoes and other root vegetables, legumes, vegetables, 
grains, wholemeal bread) with a modest amount of fat, to the recent diet, 
where the consumption of meat, cheese, butter and other rich milk products 
and alcohol has increased at the cost of more energy-poor, carbohydrate-rich 
foods. The fat content of the diet has risen considerably Obesity is seldom 
seen among people who traditionally live from a diet with moderate fat con- 
tent and a high content of energy-poor vegetables and wholemeal products. 

The weak satiating effect of a fat-rich diet is linked to the high energy 
density Typical carbohydrate rich foods with a low content of fibre are less 
satisfying than similar products with a high fibre content. Sugar in drinks 
satiates less than sugar in solid form and studies have suggested that a high 
consumption of sugary drinks leads to a marked weight increase. 

It is normally assumed that the energy content of alcohol is added to the 
energy from the diet, such that alcohol increases the total energy intake. 
However the Health Survey of England indicated that non-drmkers are more 
likely to be obese than those who consume alcohol. 

Macronutnent balance 

A low relative energy expenditure (kJ/kg FFM) can contribute to the devel- 
opment of obesity, but the positive energy balance is malnly caused by exces- 
sive energy intake, so-called hyperphagia. Hyperphagia is produced in 
individuals with a genetic predisposition to obesity by a failure in appetite 
regulation, whch  in particular can be brought about by a fat-rich diet and 
low level of physical activity. 

Carbohydrate and protein are not converted to fat under normal cir- 
cumstances in humans as de novo lipogenesis is an energetically expensive 
process, which is suppressed when the fat intake of the diet is greater than 
about 20% energy intake. This means that the fat in adipose tissue almost 
completely originates from the fat in the diet; the balance of each macro 
component of the diet (alcohol, fat, carbohydrate and protein) is regulated 
separately. 

The alcohol balance has the hghest priority in the combustion hierarchy, 
since alcohol cannot be stored in the body and is oxidized at the expense of the 



other macronutrients in the diet. The balance of protein and of carbohydrate 
have the next highest priority; because of the limited size of both the glyco- 
gen depots in the liver and muscle and the protein stores compared with the 
much larger f a t  depots. Excess food intake is maiiiy stored as fat. It is the total 
energy balance that determines whether a person will gain or lose weight. 

Triggering factors 

Several factors can potentially disturb the energy balance to such an extent , 
that a large weight increase is involved. These include: - Pregnancy, with the average gain from conception to a year after birth 

being 2 kg 
Imrnobilitv, with acute weight gain often seen following sudden cessation 

" - - - 
of a habitually high level of physical activity due to a specific occupation 
or sport, and in sedentary occupations such as taxi and bus drivers, and in 
chronically immobilized patients 

* Stvess, as glucocorticoid excess has a powerful stimulating effect on 
appetite and fat deposition which is typically of the male, abdominal 
pattern 
Psychological tvatima is often accompanied by over eating and weight 
increase in some individuals, whilst others react with anorexia and weight 
loss, and weight increase may follow the use of psychotropic drugs 
Stopping smoking, as tobacco smoking suppresses appetite and nicotine 
stimulates the sympathetic nervous system, so that 15-20 cigarettes a day 
can increase the daily energy metabolism by 10% and this weight increase 
is the most frequent reason for taking up smoking again 
Endocrine obesity can be due for example to hypothyroidism or excess 
cortisol production, but this represents a minority of causes 
Drug-induced obesity caused by a number of prescription drugs including 
psychotropic drugs, lithium, cyclic antidepressants, and some epilepsy 
drugs, as well as oestrogen, glucocorticoids and insulin and some 
anticancer drugs such as tamoxifen, while treatment of AIDS patients 
with anti-viral agents can induce lipodystrophy. 

Prevention and treatment 
Principles for weight loss 

In almost every overweight and obese patient the diet must be adjusted to 
reduce energy intake. Dietary therapy consists of instructing patients as to 
how to modify their dietary intake to achieve a decrease in energy intake 
while maintaining a nutritionally adequate diet. For patients with class I 

I obesity this requires an energy deficit of 300-500 kcal/day, and with class I11 
obesity 500-1000kcal/day. The desirable rate of weight loss for most people 
is 0.5-1 kg/week after the first month of dieting, with younger, taller and 

I 
more overweight subjects aiming for the upper limit and older, shorter and 
less overweight for the lower rate. With higher rates of loss there may be 
excessive loss of lean tissue. During the first month weight loss will be more 
rapid because of the loss of water associated with glycogen. Differences in 
diet composition have less clinical importance compared with the major goal 



to reduce total energy intake. Wo7,vever advantage can be taken of the differ- 
ences in the satiating povier of the various dietary components in order to 
cause a spontaneous reduction in energy intake. This is the principle of the 
ad libitum low-fat diet. 

Calculating energy deficit 

The initial target of a weight loss programme should be to decrease body 
weight by 5-lo%, when a new target can be set. Even a 5% weight reduc- 
tion improves risk factors and risk of co-morbidities. To calculate a defined 
energy deficit it is necessary to estimate the actual energy requirements of 
the subject, by measuring resting metabolic rate (RMR) or estimating using 
equations based on body weight, gender and age (see chapter 2) and multi- 
plying by an activity factor (PAL; physical activity level) to give the energy 
requirement (Table 8.5). The energy level of the prescribed diet is then the 
energy requirement minus the defined daily energy deficit. 

Weight loss diets 

Losu-enevgy diets (LED) usually provide 800-1500kcal/day and use fat- 
reduced foods, and normally consist of natural foods. LED are also called 
'traditional diets' and 'calorie counting diets'. They are low-fat, carbohy- 
drate-rich diets with a fixed energy allowance and should be supplemented 
with a daily vitamin and mineral tablet. LED introduces healthy eating 
habits early in the weight reduction programme to familiarize the patient 
with the dietary changes that are a central element in a weight maintenance 
programme. 

Veq-low-eneugtj  diets (VLED) are modified fasts providing 200-800 kcal/day 
that replace normal foods. Starvation (less than 200kcal/day) is the ultimate 
dietary treatment of obesity, but it is no longer used because of the numer- 
ous and serious medical complications. VLED aim to supply very little 
energy but all essential nutrients. However, use without medical supervision 
has generally been abandoned and they should not be recommended due 

..... ..... - ... 

Table 8.5 Esttmatir~g energy needs 
...... .. ...... . ....... -. -. - - - -. - - -. - -- . - 

Rev~sed W H O  equat~ons for estlmaring oaa1 rnerabol~c rats IBMR) 
.. . . . . .  . . . .  . . . . .  . . . .  -. - - -. - -. 

- -4 
. . 

18-30 years (0.0630 X actual weight in kg i 2.8957) X 240 kcaliday 
3 1-60 years (0.0484 X actual weight in kg + 3.6534) X 240 kcallday 1 

Women 18-30 years (0.062 1 X actual weight in kg + 2.0357) X 240 kcallday 
3 1-60 years (0.0342 X actual weight in kg + 3.5377) X 240 kcallday 

Estimated total energy cxpenditure = BMR A activicy factor: - ..... .-. .... .. - . .- -..... .- 

Activity level L. ....... -. .... . . .  
Activi ty factor 

-. ...... ....... - 
Low (sedentary) 
Intermediate (some regular exercise) 
High (regular activity or demanding job) 



to their questionable cardiac safety and the fact that they do not facilitate 
the gradual modification of the patient's eating behaviour, nutritional 
knowledge and skills, which seems to be required for long-term iiveight 
maintenance. 

Ad libitum low-fat diets ((30% energyfromfnti do not restrict energy intake 
directly, but restrict fat intake to 2030% of total energy intake so that energy 
intake is spontaneously reduced because of the higher satiating effect of this 
diet, and a modest weight loss occurs. 

Ad libitum lozu-cnrbohydunte diets it25g/dny cnrbohydratei have become 
very popular as part of a popular physiological concept which link surges 
in blood glucose and insulin to weight gain and obesity. The Atkins diet is 
the most popular and recommends a daily intake of <25g carbohydrate, 
However low carbohydrate generally means high fat, and when the weight 
loss has slowed it is likely that the low-carbohydrate (high-fat) diet will have 
very negative effects on most cardiovascular risk factors, and despite the 
weight loss, may increase insulin resistance and risk of type 2 diabetes. Low- 
carbohydrate diets cannot therefore be recommended. 

LED that are low-fat are more effective in inducing weight loss than ad 
libitum low-fat diets, and they allow a better adjustment of the reduction in 
energy intake. LED are therefore the preferred dietary treatment for obesity. 

Weight maintenance 

Most people can lose weight. The real challenge is to maintain the reduced 
body weight and prevent a subsequent relapse. Diet combined with group 
therapy leads to better long-term success rates (27%) than diet alone (15%), 
or diet combined with behaviour modification and active follow-up, though 
active follow-up produces better weight maintenance than passive follow-up 
(19% vs 10%). 

Diet 

Whereas the principle of energy restriction (LED) is successful for weight 
loss induction independent of dietary composition, the low-fat, high-protein/ 
carbohydrate diet seems to be more effective for long-term weight mainte- 
nance and preventing weight regain. Numerous popular diet books promote 
changing diet composition in accordance with principles that are claimed 
to have a particularly favourable impact on weight loss and maintenance. 
Generally these claims are unsubstantiated and scientifically improbable, 
and some may even promote nutritionally insufficient diets. Some principles 
of diet composition follow: 

Corbohydrote types 
The high carbohydrate content of low-fat diets stems mainly from the com- 
plex carbohydrates of different vegetables, fruits and whole grains, wluch 
are more satiating for fewer calories than fatty foods and are a good source 
of vitamins, minerals, trace elements and fibre. High fibre content may fur- 
ther improve the satiating effect of the diet and a diet rich in soluble fibre, 
including oat bran, legumes, barley, and most fruits and vegetables, may be 



effective ~ reducing blood cholesterol and blood pressure levels. The recom- 
mended intake is 20-30 g of fibre daily. Low-fat diets, high in either comple:: 
or simple carbohydrates, induce similar fat loss in overweight and obese sub- 
jects, and a diet high in simple carbohydrates has no detrimental effects on 
blood lipids. However, recent evidence suggests that a high intake of sugar 
from soft drinks may be particularly obesogenic. 

Glycaemic index (GI) 
High-GI foods such as potatoes, white bread, and white rice produce rapid 
and transient surges in blood glucose and insulin which may in turn be fol- 
lowed by rapidly returning hunger sensations and excessive caloric intake, 
and so some scientists advise people to eat more whole grain products, and 
other foods characterized by a low GI. It is likely that this dietary change will 
have beneficial effects on risk factors of cardiovascular disease and diabetes 
but their effect on body weight regulation lacks robust evidence (see chap- 
ter 4). The GI concept is complicated and the GI of meals cannot accurately 
be calculated by the carbohydrate source alone, but also requires information 
about the energy, fat and protein content. 

Protein content 
Protein has a higher satiating power per calorie than carbohydrate and fat. 
More freedom to choose between protein-rich and complex carbohydrate- 
rich foods may encourage obese subjects to choose more lean meat and dairy 
products and hence improve adherence to low-fat diets in weight reduction 
programmes. However the dietary principles promoted in recent popular 
diet books advocating high-protein, low-carbohydrate diets are not sup- 
ported by the existing evidence. 

Fat quality and hjgh-MUFA drets 
Similar amounts of different fats contain nearly the same amount of energy, 
and although monounsaturated fats (MUFA) have less of an obvious influ- 
ence on cardiovascular disease risk, insulin resistance and cancer than sat- 
urated or polyunsaturated fats, MUFA increase body weight more than 
polyunsaturated fatty acids (PUFA). 

Alcohol 

Alcohol provides energy that displaces more nutritious foods, suppresses fat 
oxidation (thereby allowing more dietary fat to be stored), promotes passive 
overconsumption of fat, and increases the risk of losing control over other- 
wise restrained behaviour. Alcohol has also been associated with obesity in 
epidemiological studies. Consequently energy intake from alcohol should be 
limited. 

Exercise 
Increased daily physical activity and exercise are important components of 
weight-control programmes. To induce a weight loss physical activity is not 



very effective by itself when compared with a hypocaloric diet, Ho~~eve r ,  
patients should gradually increase their physical activity to help maintain 
weight loss. Adequate levels of activity are at least 45-60 minutes of mod- 
erate-intensity physical activity on most days of the week. Sustainable and 
enjoyable changes in physical activity patterns must be made along with a 
lifelong commitment to health. 

Drugs for treatment of obesity 

Drugs currently available for the treatment of obesity, or drugs with weight 
reducing properties used for the treatment of type 2 diabetes or for smoking 
cessation, can be grouped within three categories: those that alter nutrient 
metabolism, those that reduce food intake, and those that increase energy 
expenditure. Those approved in the UK are Orlistat, which is a lipase mhibi- 
tor, and Sibutramine, which is an appetite suppressant. 

Lgose inhibitors (Orlistat) 
Orlistat is a specific Inhibitor of intestinal lipase, an enzyme secreted from 
the exocrine pancreas and responsible for enzymatic fat digestion. It is rec- 
ommended for use with a diet providing less than 30% of energy from fat. 
The most frequent adverse effects of Orlistat are flatulence, flatulence with 
discharge, oily spotting, faecal urgency and incontinence, oily stools, and 
steatorrhoea. Additionally, the unabsorbed fat binds some fat-soluble vita- 
mins and other nutrients and prevents their absorption. A simple vitamin 
supplement and increased intake of fruit and vegetables counteracts this 
effect. 

Sibutrarnine 
Sibutramine decreases food intake in humans by increasing meal-induced 
satiety and exerts a weak thermogenic effect both acutely and during long- 
term use. It is generally well tolerated and has few side effects, which include 
dry mouth, headache, insomnia, and constipation and a mild increase in 
blood pressure and heart rate. 

Surgical treatment of obesity 

Weight management programmes fail in a substantial proportion of severely 
obese patients, and surgery is the treatment of choice for well-informed and 
well-motivated obese patients with acceptable operative risks. The malab- 
sorptive intestinal bypass (jejuno-ileal) has a h g h  rate of complications and 
cannot be recommended. Gastric bypass has been shown to prevent the pro- 
gression to frank type 2 diabetes. In a Swedish study of 2000 matched obese 
patient pairs, one pair member was surgically treated, the other a control. 
After 8 years the weight loss was 20 kg in the surgical group, whle  the con- 
trols had gained 0.7kg.The weight loss achieved by surgery has pronounced 
effects on cardiac structure and function, quality of life, rates of employment, 
and healthcare costs. 



KEY PBlNTS 

8.6 PROTEIN ENERGY MALNUTRITION OR 
UNDERNUTRITION 

Introduction 

The epidemiology of protein energy malnutrition (PEM) and other forms of 
malnutrition is covered in more detail in chapter 13. Malnutrition has been 
defined as a change in nutritional status that carries a high risk of illness, 
dysfunction, or death, and includes dietary excess but in this section the term 
malnutrition is taken to mean undernutrition. Commonly used descriptive 
terms for undernutrition such as chronic energy deficiency (CED) or protein 
energy malnutrition (PEM), may imply causality in a way that is now rec- 
ognized as simplistic or false, as children are the first to suffer deprivation 
due to their high requirements for growth and their dependency. Many clas- 
sifications have been devised for childhood malnutrition, such as weight for 



age, and more recently -vveight for length or height. Gro~~vth failure is marked 
by 'thinness and shortness', sometimes called 'wasting and stunting', but 
growth faltering is not always due to simple under-feeding, but also to infec- 
tions. Borderline malnutrition may be common enough to escape notice and 
a stunted underweight child, living among similarly sized age peers, might 
well appear to be thriving. 

Stunting has been described as an adaptation to longstanding underfeed- 
ing but there are limits to such adaptation beyond whch  health suffers. 
Variation in height, especially during the early years of life, owes more to 
nutritional and socioeconomic factors than to ethnic variability. Biological 
variation in height and body build is generally accepted, but extremes are 
likely to be detrimental. In practice we assume that anthropometric variables 
are normally distributed, the normal range extending from -2.0 to +2.0 
Standard Deviations from the mean. undernutrition is therefore defined as 
>2.0 SD below the reference mean. However the risk of an adverse outcome 
rises significantly the greater the deviations from the mean. 

Anthropometric indicators and reference standards 

There is a link between nutrient or energy deficiency and malfunction. Lack 
of fuel compromises basal metabolism, physical activity, and energy storage. 
Tissue repair, growth and structural support fail in the absence of substrate, 
as do many enzymatic processes when micronutrients are deficient. The 

I major fuel stores are in adipose tissue (fat) and lean body mass (protein) and 
anthropometry offers a simple way of estimating the size of these stores. Total 

! body weight is often used as an indicator of the size of fuel stores, but correct- 
i 
I ing for height allows a better estimate of the lean and fat mass extra to that in 
i essential structures. An estimate of the partition of fuels between superficial 

adipose tissue and fat-free mass can be  made by measuring skinfold thick- 
ness. Weight for height in chldren is a better prognostic indicator than weight 
for age alone. Table 8.6 shows the WHO classification of malnutrition. 

~eficiency of fuel stores in children is known as protein energy malnu- 
trition (PEM), and in adults as 'chronic energy deficiency' (CED). The term 
'protein' is excluded from the descriptive term in adults on the basis that 
protein requirements are relatively less important after growth has ceased. 
Wasting indicates that malnutrition is recent, whether weight loss is due to 
illness or simple under-feeding, and stunting indicates long-term under- 

I nutrition. 'Kwashiorkor' indicates nutritional oedema which carries a poor 
i 

Weight for height >-3.0 to <-2.0 270% & 180% <-3.0 <70% 

Height for age >-3.0 to <-2.0 2 8 5 %  t o  <90% <-3.0 <85% 
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Table 8.7 Commcnly used anrhropometric indicatot-s 
-. . . . . . . . . . . . . -. - -. . . . . . . . . . . -. - - - - . . . . . . . . - . . 

derai 

Weight for age 80% of reference mean/--2.0 Risk of death rises when weight for 
SD age <70% and further at <60% 

Weight for 80% of reference meani--2.0 Risk of death rises at weight for 
height SD height < 70% 

(Length) height 90% of reference mean i- 2.0  Risk of death rises at length for 
for age SD age < 90% rarely used as single 

index 

Body mass index 18.5 and I 7  for men &women in Used in adults; borderline values 

@dm2) developing countries usually supported by evidence of 
physical incapacity. 

Mid upper arm < 12.5 cm Correlates with weight for 
circumference age < 80% i.e. MUAC used as a swift 
(MUAC) age I screening test 
t o  < 5  yrs 

MUAC in adults <23 cm and < 19cm in men & Evidence base less convincing, used 
women in developing countries as a proxy for low BMI 

Symmetrical Associated with increased risk and 
oedema therefore defines severe malnutrition 

prognosis, and all oedematous children are defined as severely malnour- 
ished. The child with typical kwashiorkor also has variable underweight, 
'psychosis', dyspigmented skin and hair, with a classical history of recent 
weaning or exposure to infection or other stress. Other common features are 
dry or moist skin peeling, and enlargement of the liver. 

Table 8.7 shows indicators used for nutritional assessment of children and 
adults, with cut-off points that define moderate malnutrition. 

The pathogenesis 

The main features of uncomplicated PEM and CED are weight loss and wasting 
caused by negative energy balance, due to factors such as malabsorption, 
increased energy losses in urine and increased energy expenditure because of 
infection or mahgnancy, and from fever. The major causes of negative balance are 
low intakes of low energy dense foods, exacerbated by mfection-related anorexa. 

Nutritional oedema is commonly triggered by infection. Reactive oxy- 
gen species (ROS), which can cause damage to cell structure and function, 
are generated during the cellular response to infection. The adverse effects of 
ROS are normally held in check by antioxidant mechanisms, many of which 
are dependent on micronutrients such as vitamins A, C, and E, zinc, sele- 
nium, and copper. Iron, especially free iron, which increases during inflam- 
mation, may act as a pro-oxidant. In PEM, oxidant damage to structural 
lipids causes cell membranes to become permeable to sodium and potas- 
sium, which then leak into the extracellular spaces causing oedema, a hall- 
mark of kwashiorkor. Micronutrient deficiencies therefore play a critical role 



in predisposing the child with PEM to l<?/vashiorkor. An insuificient supply 
of amino acids from the diet also leacls to reduced protein synthesis by the 
liver and hence a lower concentration of circulating plasma proteins includ- 
ing albumin and retinol-binding protein. 

Stunting is a common form of undernutrition, affecting around 45% of 
chldren in developing countries. Certain amino acids, specifically leucine, 
and various micronutrients such as zinc, copper, molybdenum and possibly 
vitamin A exert an influence on linear growth. Beneficial effects of zinc sup- 
plementation on stunted chldren have been reported but dietary 'quality' 
(implying dairy produce, fruits and green vegetables) is more important for 
growth than any specific nutrient. Catch-up in linear growth during nutri- 
tional rehabilitation rarely starts until weight recovery is well under way. 

Causes of undernutrition 

The risk of underfeeding can begin in fetal life, and is most common during the 
last trimester of pregnancy. In the first few years of life factors increasing risk 

- - 

of undernutrition include lactation failure, a low energy dense weaning diet, 
infection and contaminated water. Kwashiorkor was first thought to be due 
to the low protein content of maize weaning porridge, but infections and low 
energy intakes from low energy dense foods are now considered important. 
CED is often linked to HIV. Malnutrition is highly prevalent in hospitals in 
developing countries, with other severe infections such as typhoid or tuber- 
culosis, or lack of access to suitable feeds. In affluent countries toddlers with 
PEM usually present with faltering weight gain, and oedema is extremely 
rare. Children refusing food or eating alternative diets may also present with 
marginal PEM. Anorexia nervosa and bulimia can present in adolescence, - - 

sometimes with severe weight loss (see section 8.7). CED may also occur in 
deprived groups such as the homeless and the isolated elderly. 

Effects 

The magnitude of effect of malnutrition on health depends on the timing and 
duration of nutritional stress. The immediate effect, when low birth weight 
is due to intrauterine growth retardation, is a lugh neonatal death rate due to 
hypoglycaemia, hypothermia and infection. Malnutrition increases vulnerabdity 
to other illnesses especially infection. Malnutrition is rarely recorded as a cause 
of death, although it contributes to the case fatality of many illnesses. Severe 
malnutrition, especially if accompanied by oedema, has a lugh case fatality rate. 

Prolonged stullting has an adverse effect on cognitive development. The 
survivor of early malnutrition may recover completely, remain stunted, or 
have a delayed adolescent growth spurt. Delayed growth and final short 
stature in women contribute to obstruction in labour, and thereby to high 
maternal mortality. Adult stunting is also associated with low birth weight. 
If there is then nutritional excess in adult life, the survivor is at increased risk 
of chronic diseases such as diabetes or heart disease. 

Prevention of malnutrition 

Fetal nutrition depends not only on maternal nutrient and energy intake but 
also on expenditure, and women should be encouraged to avoid heavy work 



during pregnancy Exclusiiie breastfeeding is recommended for six months, 
except when milk supply fails to meet the growth requirements of the mfant. 
The tradition of prolonged breastfeeding persists in developing countries 
with 40-50% of mothers still breastfeeding 20-23 months after birth. A cur- 
rent dilemma is the early infant feeding of babies whose mothers are HIV 
positive or who have died (see chapter 6). Dietary diversification depends 
not only on access to a variety of foods, but also on willingness to adapt die- 
tary and culinary traditions. 

Local manufacture of commercial weaning foods in several countries has 
reduced their cost, despite the cost of micronutrient fortification. Since con- 
venience foods, ie those prepared without needing to boil water, are fuel 
efficient and less prone to contamination, their social marketing is likely to 
prove cost beneficial. Education about safe feeding practices is also impor- 
tant, and should be integrated into school curricula. The immediate benefit 
of school meals or snacks for older children is increased alertness rather than 
weight change. Prevention of malnutrition in older people depends more on 
socioeconomic and educational development and on fairer distribution of 
global resources, than on household or individual circumstances. 

Specific situations and population groups at risk 
of malnutrition 
Famines 

Famine is defined as a sharp increase in mortality due to diseases related 
to acute starvation (see chapter 13). Famine can be a consequence of severe 
crop failure, often exacerbated by isolation and transport problems, but 
widespread starvation can occur even when food is available because of 
sharp increase in food prices, hoarding, and lack of resources to purchase 
food. Early coping strategies include foraging for wild foods, selling pos- 
sessions, and reducing physical activity. Typically young men move away 
to find work and eventually destitute people will leave home. There is a 
gradual deterioration of general nutritional status in these people and fall- 
ing immunization rates. By the time starving people begin to congregate in 
camps they are vulnerable to infectious diseases, and mortality begins to 
rise. Early intervention aims to interrupt this progress before irrevocable 
damage has been done. There is a global and national responsibility to avert 
famine, by facilitating development, encouraging good governance and 
preventing war. 

Refugees 

Conflict has now overtaken climatic disaster as the trigger for large-scale 
migrations within a country or to another, with people fleeing from danger 
or seeking food and security. Global estimates indicate that over 10  million 
people are currently refugees. Food distribution to refugees or in emergency 
situations may take several forms. A general ration would aim at satisfy- 
ing total nutritional requirements, using acceptable foods as far as possible, 
collected in bulk and prepared by the family. This is the preferred method 
of feeding since it respects autonomy, prevents cross-infection and reduces 



stress. On-site feeding may be required for at-risk groups, especially young 
children. There is also therapeutic feeding of malnourished children. When 
feeding is based on dry foods there is a risk of micronutrient deficiency, espe- 
cially when rehgees are unable to forage or grow vegetables. Ifitamin A sup- 
plementation is critical and fortification of dry rations with niacin, thiamin 
and vitamin C is recommended, followed by early facilitation of access to 
fresh foods. 

Hospital malnutrition 

Nutritional status on point of admission to hospital has implications both 
for management and outcome. Undernutrition is associated with prolonged 
admission. Some conditions, such as renal failure, are associated with 
increased risk of micronutrient deficiency due to dietary restriction. Surgical 
patients are also at increased risk of deficiency when for example nutri- 
ent absorption has been compromised by gastric by-pass or gut resection. 
Malnutrition may slow down the metabolism of drugs, and also affect the 
response to treatment of infections. The prevention of malnutrition (before 
entry to hospital) is part of primary care for the elderly and other vulnerable 
groups. Those at risk should be comprehensively assessed at admission, and 
all attempts to improve the quality of hospital meals encouraged. 

Alcoholism 

Alcoholism is a global problem, the nutritional consequences of which are 
worse when superimposed on an already impoverished diet (see chap- 
ter 4). A daily intake of 5 to 7 units of alcohol supplies up to 10% of energy 
requirements as 'empty calories'. Signs of CED will be evident when protein 
energy intake is compromised. Deficiency of some micronutrients is also 
common in alcoholics, particularly for folic acid, thiamin, pyridoxine, and 
vitamin A. 

Groups with a high risk of malnutrition in affluent countries 

Poverty is linked with malnutrition in affluent countries, and micronutri- 
ent deficiency is commonly associated with obesity both in children and the 
elderly, in the latter linked to cognitive impairment. Refugees into a country 
are vulnerable soon after their arrival before support structures have been 
established. Their nutritional status depends on their country of origin, and 
the time spent in poorly appointed transit camps. Food insecurity in refugees 
has been reported from the UK. Stunting observed in chldren from third 
world countries is likely to be reversible depending on their age. 

The single homeless are at special risk, especially when alcohol provides a 
high proportion of the energy intake, or when appetite is reduced by addic- 
tion. The elderly, especially those in residential care or with a recent history 
of hospital admission, are more likely to be malnourished than the general 
population. Sarcopenia is a type of muscle loss commonly seen in the elderly, 
which contributes to weight loss and weakness. 
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n 8.7 EATING DISORDERS 

An eating disorder may be defined as a persistent disturbance of eating (or 
eating-related behaviour) which impairs physical health or psychosocial func- 
tioning, or both, and which is not secondary to any general medical disorder 
or any other psychiatric disorder. The most well recognized eating disorders 
are anorexia nervosa and bulimia nervosa. These disorders share many fea- 
tures and together they are a major source of ill health among young women, 
and, increasingly, young men, in Western societies. In addition, there are eat- 
ing disorders in which the person does not meet the diagnostic criteria for 
anorexia nervosa or bulimia nervosa. These are the 'atypical eating disorders'. 
In this chapter, the characteristics of these three groups of eating disorder will 
be described. Though important, the prevention of eating disorders is beyond 
the scope of t h s  section. 

Anorexia newosa 
Definition 

Features required to make a diagnosis of anorexia nervosa are: active main- 
tenance of an unduly low weight (15% below a person's expected weight for 
their age, height and sex, or a body mass index below 17.5); attitudes and 
values concerning body shape and weight, including 'relentless pursuit of 
thinness' and a 'morbid fear of fatness'; and the tendency to judge self-worth 



largely in terms of shape and weight rather than on the basis of performance 
in domains such as relationships, work performance or sporting activities. 
Amenorrhoea is typically present in female anorexic patients. Low weight of 
anorexia nervosa is achieved in several ways, including strict dieting, exces- 
sive exercising, and in some, self-induced vomiting or laxative misuse. The 
US DSM-IV (Diagnostic and Statistical Manual IV) psychiatric classification 
distinguishes between two sub-types. The restricting sub-type excludes reg- 
ular binge-eating or purging behaviour. A person with anorexia nervosa can 
alternate between sub-types at different times in their illness. 

Epidemiology 

The average prevalence of anorexia nervosa (actual number of cases at a cer- 
tain point in time) in Western societies is 280 per 100,000 young females, with 
higher rates in female dancers and athletes, such as distance runners and 
gymnasts. A typical estimate of the incidence of anorexia nervosa in females 
is 8 per 100,000 of the population per year; in males the value currently lies 
at about 0.5 per 100,000 per year. 

Development 

The onset of anorexia nervosa is generally in adolescence, although child- 
hood-onset or pre-pubertal cases are observed. In children, boys represent 
20-25% of referrals. Occasionally anorexia nervosa does not begin until 
adulthood. Often it starts as normal dieting which then gets out of control. 

Clinical features 

Weight loss is primarily achieved through a severe reduction in food intake. 
People with anorexia nervosa have greater knowledge about the caloric 
and macronutrient content of foods but lack awareness of micronutrient 
contents. 

In most cases hunger persists but the perception and reporting of hunger 
are often distorted. Denial of hunger may be experienced as rewarding and a 
mark of personal self-control. The consequences of starvation, such as a slow 
rate of gastric emptying, can make food intake unpleasant as eating only a 
little results in bloating but normalizing the amount and pattern of eating 
helps to rehabilitate hunger and satiety. 

Frequent intense exercising is common and also contributes to the low 
body weight. Laxative and diuretic misuse and self-induced vomiting may 
also be practised. 

There is disturbance of body image, all or parts of the body being 
seen as larger than their actual size. Patients often have limited r e c o p -  
tion of their disorder. Other psychological symptoms resulting from semi- 
starvation include depressed mood, irritability social withdrawal, loss of 
sexual libido, preoccupation with food, and eventually, reduced alertness and 
concentration, heightened sensitivity to cold and a variety of gastrointestinal 
symptoms such as constipation, fullness after eating, bloatedness and vague 
abdominal pain, restlessness, lack of energy and early morning wakening. 

Amenorrhoea, if sustained, is associated with osteopenia, possibly progress- 
ing to osteoporosis and risk of bone fractures, and is often irreversible. Acute 



complicxiic'm for males or females include dehydration, electrolyte dis~kur- 
bances (d--12 to purging), cardiac compromise with arrhytkmia, gastrointestinal 
mobility disturbances, renal problems, mferiility, h~ypothermia, and other evi- 
dence of h.ypometabolism. 

Causation 

Dieting is a general vulnerability factor for both anorexia nervosa and bulimia 
nervosa and is more likely in those who are heavier and dissatisfied with 
their body, although relatively few young women who diet develop an eating 
disorder. Other risk factors, many of which are shared with other psychiatric 
disorders, include personality traits of perfectionism, negative self-evaluation, 
and adverse childhood experiences such as victimization or abuse. 

Genetic factors are implicated by family studies. Eating disorders are 
largely confined to countries that have an abundance of food, that hold a 
thin body shape as ideal, and in which dieting is commonplace. Peers and 
family may also be influential in victimizing those not conforming to shape 
or weight ideals or aspirations. Sociocultural factors appear to channel wom- 
en's dissatisfaction and distress to focus on body shape and size, providing 
an outlet for individual pathology, with thinness being relentlessly pursued 
by those who see no better way to solve their problems. Social withdrawal 
isolates the person from his or her peers, encouraging further self-preoccupa- 
tion. Many patients report that exerting strict control over eating is in itself 
intensely rewarding. However, the most potent maintaining factor is likely to 
be the extreme concerns about shape and weight. 

Management 

Patients with anorexia nervosa are usually persuaded to seek help by con- 
cerned relatives or friends, and as a consequence they attend reluctantly. 
There are two aspects to treatment: establishing healthy eating habits and 
a normal weight through a combination of education, support, encourage- 
ment and nutritional counselling, on an inpatient, day patient or outpatient 
basis; and addressing those factors liable to result in relapse using treatments 
such as parental counselling, family therapy, interpersonal psychotherapy or 
cognitive behavioural therapy. Drugs have a limited role. Short-acting minor 
tranquillizers may occasionally be used to reduce the anxiety experienced 
prior to eating, and if depressive symptoms persist following weight restora- 
tion, antidepressant drugs may be prescribed. 

Course and outcome 

The proportion of individuals with anorexia nervosa who fully recover is 
modest. Less than 50% of cases can be rated as having a good outcome. For 
about a quarter, outcome is poor with weight never reaching 85% of recom- 
mended weight for height. Around two-thirds of patients continue to have 
morbid food and weight preoccupations. Up to a quarter of the patients 
develop bulimia nervosa. Anorexia is associated with a major increase in 
mortality. In general, adolescents have better outcomes than adults, and 
younger adolescents better outcomes than older adolescents. 



Bulimia newosa 
Definition 

Bulimia nervosa was first clinically described in 1979, viewed as an unusual 
variant of anorexia nervosa. Three features are required to make a diagno- 
sis of nervosa: the presence of frequent bulimic episodes, on average at least 
twice a week for three months, involving the consumption of unusually large 
amounts of food, the size of binges typically between 1000-2000 kcal; the use 
of compensatory behaviour to control body shape and weight, self-induced 
vomiting and laxative or diuretic misuse; and the presence of attitudes and 
values concerning shape and weight similar to those found in anorexia ner- 
vosa, although body weight is often in the normal range as the effects of the 
overeating and weight control behaviour tend to cancel each other out. 

Epidemiology 

People with bulimia nervosa are typically older than those with anorexia ner- 
vosa, most presenting in their late teens and early twenties. Bulimia nervosa 
is found in all social classes, and in greater numbers than anorexia nervosa. 

Development 

Many patients with bulimia nervosa present with a history of disturbed eat- 
ing stretching back into adolescence, and around a third have previously ful- 
filled diagnostic criteria for anorexia nervosa. The slightly later age of onset 
suggests the importance of other personal issues or life stressors, such as 
leaving home, for the development of the disorder. This also has implications 
for the maintenance of the disorder and how it is treated. 

Clinical features 

There are many similarities with anorexia nervosa but two important differ- 
ences are in body weight and frequency of binges whch are a source of great 
shame and they are kept hidden from others, leading to under-reporting. 



SustairIed depressive and ax~iety symptoms are a prominent feature of bulunia 
nemosa. Rigid control over eating is associated with multiple self-imposed 
dietary rules: when food should be eaten or not eaten; exactly what should be 
eaten or not eaten; and the overall amount of food that should be eaten. Binges 
are often precipitated by breakmg these rules. 

The majority of patients have few physical complaints. The most com- 
monly presented are irregular or absent menstruation, weakness and leth- 
argy, vague abdominal pain, salivary gland enlargement, and significant 
erosion of the dental enamel on the palatal surface of the upper front teeth 
from self-induced vomiting. The most serious physical complications are 
apparent in those who frequently vomit or take laxatives or diuretics. 

Causation 

Many of the putative risk factors for anorexia nervosa are also risk factors for 
bulimia nervosa. Some differences can be classed in two groupings of factors: 
exposure to dieting and related risk factors, including parental and chldhood 
obesity, and critical family comments about weight, shape or eating; and a 
number of general risk factors for psychiatric disorders including parental psy- 
ha t r i c  disorders such as depression, alcohol and substance abuse during child- 
hood, low parental contact but high parental expectations, neglect and abuse. 

Total immersion in the binge distracts the person from emotional distress 
but this relief is temporary, and negative affect plays an important role in binge 
eating. Eating induces negative feehgs, such as guilt, as binge eating becomes 
out of control. Purging relieves guilt and discharges anger and may eventually 
replace bingeing as a means of reducing tension. But purging evokes feelings 
of shame and self-disgust, devaluing the self-view and fostering the negative 
affect that triggers binge eating. Tlus cycle is a target of treatment. 

Management 

Most people with bulimia nervosa are ashamed of their eating habits, and 
keep them secret for many years. If they present for help they may com- 
plain of features associated with the disorder rather than the disorder itself. 
Consultation seeking is more common than in anorexia nervosa as bingeing 
and purging have less perceived benefit than does food avoidance and low 
body weight for anorexia nervosa. 

Several psychotherapies are effective in improving the symptoms of 
bulimia nervosa but most evidence is available on cognitive behavioural 
therapy, and it is generally impressive and replicable. Pharmacological treat- 
ment is used more in bulimia nervosa than in anorexia nervosa but only anti- 
depressants have any beneficial effect. 

Course and outcome 

Around three-quarters of patients who complete treatment make a full and 
lasting recovery. Follow-up of at least 5 years indicates that between a third 
and a half of those with bulimia nervosa at outset still had an eating disorder, 
and between 10-25% still had bulimia nervosa. 
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Atypical eating disorders 

Around half of the cases of eating disorders in the community are neither 
anorexia nervosa nor bulimia nervosa. These patients are said to have an 
atypical eating disorder. 

Eating disorder not otherwise specified (EDNOS) 

Many patients with EDNOS have symptoms similar in form to anorexia 
nervosa and bulimia nervosa but fail to meet their diagnostic criteria either 
because a particular feature is missing (partial syndrome) or because they 
do not quite meet the specified level of severity (sub-threshold case). These 
variants of anorexia nervosa and bulimia nervosa are likely to have similar 
risk and maintaining factors to those described above, and they appear to 
respond similarly to treatment. 

Binge eating disorder (BED) 

The research diagnostic criteria for binge eating disorder differ from those of 
bulimia nervosa in the frequency and length of binge episodes, and do not 
include the core psychopathology of shape and weight concern, only the sig- 
nificant distress over the binge eating. Studies suggest rates of 2-3'10 in the 
adult population, lugher in obese samples, with BED present in 5-10% of those 
seeking treatment for obesity in the USA. However, the association between 
BED and obesity is not invariable. Binge eating disorder is seen in an older age 
group (most presenting between age 30-50), and is more common in men than 
either anorexia nervosa or bulimia nervosa (20-25% of cases are male). 

Both cognitive behaviour therapy and interpersonal psychotherapy 
appear extremely effective in reducing binge eating and maintaining this 
relief. Pharmacotherapy, primarily anti-depressants, also reduces the fre- 
quency of binge eating. 



KEY POINTS 

8.8 ANAEMIA 

Introduction 

Anaemia is the term given to a condition in which the haemoglobin concen- 
tration of blood is sufficiently low to impair the oxygen carrying capacity 
of the blood. This in turn will compromise the oxygen delivery to tissues, 
with a number of clinical and physiological effects. Anaemia is defined by 
a haemoglobin concentration below the age appropriate range for healthy 
individuals (Table 8.8). 

Anaemia is the result of abnormalities in red blood cell production, or 
accelerated destruction of red blood cells, or excessive blood loss. In a nutri- 
tion context the most important route to anaemia is through a failure to 
produce an adequate number of normal red blood cells, which can occur if 
there is inadequate availability of a nutrient essential for their production. 
Anaemia can be classified according to the average size of red blood cells . - 
in the circulation, and this also gives a clue to the underlying cause. Thus, 
microcytic, norrnocytic and macrocytic anaemia are terms used to describe 
anaemia with small, normal or large sized red blood cells. Typically micro- 
cytic anaemia is due to iron deficiency but the anaemia of vitamin BI or cop- 
per deficiency is also microcytic. Macrocytic anaemia is most commonly due 
to a deficiency of folate or vitamin BIZ, whilst normocytic anaemia is charac- 
teristic of the anaemia sometimes seen in chronic disease states such as 
cancer or chronic infection. 

-.- - -. . . . . - - - . . . . . . . . - 1 
Table 8.8 Minimum acceptable levels of 
haemoglobin (Hbj according to  age 

. -. . . . - . . . - 7 
Age (years) H b  (g/L) 

0.5-6.0 
>6-14 
Boys > 14 
Girls > 14 
Male adult 
Female adult 
Pregnancy 
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on cause of anaemia ~vorld~~vicle is nutritional iron deficiency 
and the Wlorld Health Organization estimate that 2 billion of the world's 
population (largely in developing countries) currently have marked iron 
deficiency anaemia. Whilst iron deficiency is certainly the most common 
cause of anaemia worldwide, and anaemia prevalence is used as a proxy for 
iron deficiency, the contribution that other nutrient deficiencies, malaria, and 
other parasitic infections make to the global burden of anaemia is important. 

Anaemia is a serious public health problem worldwide throughout the 
lifecycle, and t h s  is clearly shown in Table 8.9. Pregnant women and young 
children are most at risk; recent estimates suggest that in South East Asia for 
example, about 67% of children 0-5 years old and 76% of pregnant women 
are anaemic. 

Effects of anaemia 

Presenting features of anaemia (of any aetiology) typically include tiredness, 
breathlessness during physical exertion, and paleness. Whilst mild anaemia 
in many individuals is of little health consequence (due to a number of com- 
pensatory mechanisms such as increased cardiac output, diversion of blood 
flow to vital organs and increased release of oxygen from haemoglobin), 
severe anaemia exceeds the body's ability to adapt resulting in impaired oxy- 
gen delivery to the tissues. This in turn has deleterious effects on a number 
of important body functions. 

Work performance 

At all ages anaemia results in reduced oxygen carriage to the tissues with an 
adverse effect on oxidative metabolism. A reduction in work capacity due to 
anaemia has been reported in agricultural labourers in several different coun- 
tries, engaged in a variety of tasks. In female tea pickers in Sri Lanka and in 
male Indonesian rubber plantation workers who had hookworm mfection, 
reduced productivity was directly related to the severity of anaemia. Since the 
cause of the anaemia was overwhelmingly due to iron deficiency, following 
iron supplementation iron deficient subjects showed improved performance, 
with the greatest progress seen in subjects who had the most severe anaemia. 

- . . . . . . . . . . .... . 

r i a b l c  8.9 Prevalence of anaem~a by age group 
r. - - -. - . . - . . . . - + 
I Developing countries Industrialized countries 

(per cent) (per cent) 

04, years 43 
5- 14 years 53 
Non-pregnant women 44 
Pregnant women 57 
Men 34 
Elderly 50 

Source: ACCISCN ZOO0 



In developing countries women are also engaged in hard physical work, 
even when pregnan-t. In these harsh environments anaemia in pregnancy is 
commonly associated with higher rates of low fetal birth weight and peri- 
natal death. Furthermore an anaemic mother is more likely to die from haem- 
orrhage at the time of delivery. The precise aetiology of such severe anaemia 
is uncertain because these women are at risk from multiple nutrient deficien- 
cies as well as malarial anaemia. 

Iron deficiency anaemia 

Iron deficiency is the commonest nutritional deficiency worldwide, particu- 
larly affecting young children and women of reproductive age (WHO 1992). 
The areas worst affected include sub-Saharan Africa, South and Southeast 
Asia and the West Pacific. Rates of iron deficiency anaemia in women range 
from around 40% in Africa to 65% in South Asia. Iron deficiency is also 
associated with poverty in the USA and the UK but even when the adult 
diet is high in flesh foods, the weaning diet may be deficient in iron. Iron 
deficiency in young children may be due to avoidance, for religious rea- 
sons, of commercial weaning foods containing meat. Macrobiotic vegetarian 
diets have also been causally linked with iron deficiency, although reports 
are conflicting. 'Junk food' diets have been incriminated in iron deficiency in 
adolescents. 

Since iron is essential to the synthesis of the oxygen carrier haemoglobin, 
the size and haemoglobin density of the red blood cell is reduced by defi- 
ciency. Iron deficiency anaemia is therefore characterized by red blood cells 
with a low mean cell volume (MCV) and lower mean cell concentration of 
haemoglobin (MCHC). The rate of production of red cells (erythropoiesis) is 
not affected by iron deficiency. 

The earliest sign of iron deficiency in an otherwise healthy individual 
is reduced stores, with low bone marrow iron, and low serum ferritin. As 
iron status deteriorates, the rate of iron transport falls, but red cell function 
remains satisfactory for a whle.  Anaemia is evidence that &adequate iron is 
reaching the developing red blood cells in the bone marrow. 

Some indicators of iron status give confounding results. The ferritin apo- 
protein behaves like an acute phase protein so that, in acute infection or 
dammat ion ,  its serum concentration may rise to normal or even elevated 
levels, even when the body is iron deficient. High values for serum ferritin 
may also co-exist with anaemia in children with kwashiorkor. 

Causes of iron deficiency 

As with other nutrients, iron status depends on the balance between intake and 
losses. Dietary iron deficiency is especially common where the main dietary 
source is non-haem iron in plant foods, which is absorbed less well than haem- 
iron. Avoidance of meat by adults is more commonly due to poverty than cul- 
ture, flesh foods being eaten on special occasions. In meat-free diets, cereals are 
a major iron source, especially when consumed as fortified breakfast cereals, 
and dark green vegetables and pulses also make a useful contribution. 



The dietary reference values for the USA and those published by WHO/ 
FA0 include an increment in iron intake during pregnancy and lactation. The 
cumulative effect of perinatal blo'od loss and short birth interval increases 
the risk of iron deficiency. In the humid tropics, persistent low grade blood 
loss due to intestinal parasites, such as hookworm and whipworm, may also 
be a factor as well as less dramatic blood loss from (urinary or intestinal) 
schistosomiasis. 

The major iron store in the newborn is in haemoglobin itself, and babies 
are born with a high haemoglobin concentration. Catch-up growth, during 
the early months of suckling, on a diet which is naturally low in iron, leads 
to an increased risk of iron deficiency in Infancy and this is exacerbated by 
weaning onto foods with low iron availability. 

Effects specific t o  iron deficiency anaemia 

Cognitive development 

Iron is active in neurotransmitter systems in the brain and the effects of defi- 
ciency depend on the maturity of the affected individual. The relationship 
between iron deficiency and impaired performance in mental and motor 
tests in children is well established. Brain iron content increases throughout 
childhood and reaches its maximal levels in young adulthood between the 
ages of 20-30 years. Compelling evidence demonstrates that infants with 
iron deficiency anaemia fare less well in an array of psychomotor tests than 
non-anaemic age-matched counterparts. Even though measurable indices of 
body iron status can be normalized in these children by giving iron supple- 
ments, cognitive function is still impaired some 10 years later in those sub- 
jects who were severely iron deficient in childhood. 

Immune functron 

The role of iron in infection is complex, since it is a nutrient for both host and 
pathogen, especially for intracellular organisms such as malaria, and also a 
potential toxicant. Studies in iron deficient but otherwise healthy humans 
have shown reduced production of myeloperoxidase (a precursor to bacte- 
rial killing) by neutrophils, reduced bactericidal activity of macrophages, and 
also a reduction in T lymphocyte number and proliferation. These abnormal- 
ities are corrected by iron repletion. The adverse effect of iron deficiency on 
the cellular response is more marked than its effect on humoral immunity 
More importantly, anaemic children with malaria were reported to deterio- 
rate if given oral iron. Iron is not given currently by injection, and iron sup- 
plementation of formula milks is more modest. The quesbon whether iron 
treatment during acute malaria increases the severity of illness has not been 
resolved. Prudence, however, dictates that iron treatment to anaemic chil- 
dren be postponed until malaria has been treated, and that community sup- 
plementation should be postponed until after the malaria season. 

Treatment of iron deficiency anaemia 

People with confirmed iron deficiency are generally treated with oral 
iron as a ferrous salt. Treatment should continue until stores are replete, 



estimated to be t h e e  months after normalization of haemoglobin concentra- 
tion. Supplementation is generally recommended in pregnancy with a dailv 
dose of 60mg of elemental iron for 6 months, and higher dosage for mothers 
presenting late for antenatal care. Disappointing results of supplementation 
programmes may be due to multifactorial anaemia as well as poor compli- 
ance. In high risk areas combined treatment with folic acid is more effective, 
especially in Asia and Africa, and multiple micronutrient supplementation is 
also promoted, despite some reports of a reduced haematological response, 
eg when iron supplementation is combined with zinc. An enhanced response 
to iron supplementation has been attributed to synchronous vitamin A sup- 
plementation in vitamin A deficient subjects. Iron deficiency may coexist 
with malnutrition and infection in young children. 

Prevention of iron deficiency anaemia 

In areas at risk of iron deficiency, fortification of staple foods is a cost-effective 
strategy. Even when fortification appears to be effective and cost benefi- 
cial, the long-term success of the strategy depends on legislation and active 
participation of an Informed community. In western countries, the majority 
consumes a diet in which iron is highly bioavailable. Fortification of bread 
flour and commercial breakfast cereals with iron and other nutrients is long 
established and accepted although it has been suspended in some European 
countries. 

Anaemia caused by other micronutrient deficiencies 

By contrast with the microcytic anaemia of iron deficiency, in deficiency 
of folate and vitamin BI2, which are both necessary for cell proliferation, 
the process of erythropoeisis is faulty and circulating red cells are fewer in 
number and unusually large (macrocytic). A disturbance in globin synthesis 
can occur in riboflavin deficiency, which is manifested by fewer circulating 
red cells of normal or reduced size and haemoglobin concentration. The rare 
anaemia of copper deficiency is microcytic and hypochromic. In multiple 
deficiency a mixed picture is common. 

Folate and vitamin BI2 are involved in DNA and protein synthesis and in 
some amino acid interactions. Anaemia of folate deficiency is characterized 
by macrocytosis and the presence of large nucleated red cell precursors (meg- 
aloblasts) in the marrow, because of impaired synthesis of purines and pyri- 
midines for DNA synthesis. Folate deficiency can affect regeneration of gut 
epithelia, provoking secondary malabsorption. Periconceptional folate defi- 
ciency may result in neural tube defects. Malaria increases requirements for 
folate in order to replace red cells destroyed by parasitization, and in develop- 
ing countries anaemia is more common in the malaria season. Iron and folate 
deficiency together with malaria contribute to the h g h  prevalence of anaemia 
in pregnancy, and thereby to fetal growth retardation in poor tropical areas. 

Dietary folate deficiency is due to low intakes of folate-rich foods such as 
green leafy vegetables, pulses, and cereals, especially when requirements are 
increased, eg during pre

gn

ancy or in malaria and other haemolytic condi- 
tions. Low folate intake is relatively common in some h g h  income countries, 



although frank anaemia is largely restricted to pregnant women and the 
elderly. 

Vitamin BI2 is unique among vitamins in that deficiency may arise from 
an isolated defect in absorption. The vitamin is only available in foods of 
animal origin. Vitamin BI2 deficiency in h g h  income countries is most com- 
mon in the elderly, primarily as a result of impaired absorption, but is seen 
in all ages in populations in developing countries, where the consumption of 
animal foods is often extremely limited. Severe and prolonged deficiency is 
associated with a mixed motor and sensory neuropathy, which may be irre- 
versible. Neurological signs may be aggravated by administration of folate. 
The anaemia resembles that of folate deficiency, and it is important to make 
the distinction. 

Xlboflavin deficiency interferes with iron absorption in animals, and ribo- 
flavin deficiency often tracks with poor iron status in humans, although a 
causal link has not been well established. Recent work on vitamin A has 
demonstrated interference with iron absorption, and haemoglobin concen- 
tration has been seen to rise after correction of vitamin A deficiency. 

Copper is widely distributed in foods, being found in the germ of grains, 
in legumes and shellfish. Deficiency is most commonly due to artificial 
parenteral diets, or increased losses as in dialysis. Deficiency may also arise 
due to inborn errors of copper metabolism. The anaemia of copper deficiency 
is microcytic because caeruloplasmin, which oxidizes ferrous to ferric iron 
for storage or transport to the red cell, is copper dependent (see the Sight and 
Life website for available downloads concerned with nutritional anaemia). 
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CHAPTER 9 

Nutrition and the Hard 
Tissues 

By the end of this chapter you should be able to: 

understand the dynamic nature of skeletal metabolism 
define osteomalacia, rickets and osteoporosis 
discuss the role of vitamin D and calcium nutrition in skeletal health 
appreciate the role of other nutrients in skeletal health 
give definitions for dental caries, erosion, abrasion and periodontal 

disease 
describe the indices used for the measurement of dental caries 
describe the epidemiology and trends of dental caries in Western and 
other countries 
outline the structure of the tooth 
explain the mechanisms of the decay process 
summarize evidence for the role of dietary sugars and fluoride in the 
causation and prevention of decay 

I 
compare the relatlve cariogenicity of various sugars and other 
carbohydrates 
summarize the interaction of protective effects of fluoride and 

I 
destructive effects of sugars 

9.1 INTRODUCTION 

This chapter concerns the physiology and nutritional factors affecting the 
hard tissues of the body The first section deals with bones and their two 
main nutrition related disorders, osteoporosis, and osteomalacia or rickets, 
and the second section with teeth and their main diet related disorder, dental 
caries. 



9.2 BONE STRUCTURE AND CHANGES - -. - - - - - 
Bone composition 

Bone has several functions. It provides: mechanical support and protection 
for internal organs; a function in acid-base balance; defence against some 
toxins such as lead, which can be adsorbed to bone; and production of blood 
cells (haematopoiesis). 

The human adult skeleton weighs approximately 3-4kg, and is about 10% 
water, 60% inorganic material (minerals), and 30% organic matrix which 
consists largely (95%) of a single protein, type I collagen. The minerals con- 
sist chiefly of calcium, phosphate and carbonate in a crystalline form called 
hydroxyapatite. Deficiency or excess of these components in bone may con- 
tribute to loss of bone strength and to fractures. 

There are two main types of bone cells, osteoclasts and osteoblasts, which 
have opposite functions. Osteoclasts are responsible for bone resorption and 
osteoblasts for bone formation. 

Types of bone 

The skeleton is composed of two types of bone, cortical or compact bone, 
which forms the outer shell of bones and accounts for about 80% of skeletal 
mass, and trabecular or spongy or cancellous bone, which forms the interior 
scaffolding of bone and accounts for as much as 70% of bone surface area 
and metabolic activity The spaces between the trabeculae contain red mar- 
row which is responsible for the formation of blood cells (haematopoiesis). 

Bone changes 

Bone is a metabolically active tissue. Although the total amount of bone tis- 
sue in an adult is relatively static, about 5-10% of existing bone is replaced 
through 'remodelling' each year. Bone growth, and change in bone shape 
in chldren occurs by a mechanism called 'modelling' through differences 
between bone formation and resorption. 

The 'calciotropic hormones' regulate the process of bone formation and 
resorption. These include parathyroid hormone (PTH) which stimulates 
bone resorption, but can also stimulate bone formation; vitamin D and its 
metabolites which influence mineral supply; sex steroids (oestradiol and 
testosterone) which decrease bone remodelling; glucocorticoids, of which 
the predominant effect is to i d b i t  bone formation; and growth hormone, 
insulin-like growth factors and thyroid hormones which increase bone 
remodelling. 

The fetal skeleton is initially composed mainly of unmineralized cartilage, 
and mineralization occurs mainly during the last 10 weeks of pregnancy at 
a rate of more than 100mg calcium/day This continues after birth as the size 
and shape of bones changes during growth. Skeletal mass increases from about 
100 g in the neonate to about 3000g in an adult (peak bone mass) at about 
age 35. Over 90% of peak bone mass is achieved by age 18, and so children 
and adolescents are a particularly important target for interventions to 
increase bone mass for later life. Bone mineral content declines in the elderly, 



and is particularly rapid in  omen after the menopause, caused in large part 
by a reduced ovarian production of oestradiol. Peak bone mass is the most 
important predictor of bone mineral content in later life. 

Genetic and lifestyle factors influence bone mineral accrual during gro~ii~th, 
including exercise, calcium intake, general nutritional status, smoking and 
use of medications such as corticosteroids and some contraceptives. 

Pregnancy and lactation increase calcium requirements, which are met 
by increased efficiency of calcium absorption from the diet and by mater- 
nal bone mineral loss. Calcium requirements of the fetus are relatively small 
(approximately 30 g) in comparison with lactation (up to 1 g of calcium per 
day for milk production) which is largely obtained through skeletal mineral 
loss. This does not appear to have any long lasting effect on bone mineral 
content or on later fracture risk. 

A wide variety of genetic and acquired diseases such as collagen disor- 
ders, cancer and infections can influence the skeleton. The two most com- 
mon diseases affecting the skeleton are (a) osteoporosis, and (b) osteomalacia 
or rickets due to vitamin D deficiency, in both of which nutrient supply plays 
a role. Disorders which influence intake or gastrointestinal absorption 
of nutrients (such as anorexia nervosa, coeliac disease and inflammatory 
bowel disease) may also cause skeletal disease due to deficient nutrient sup- 
ply, drug therapy, immobility, endocrine disturbances and the response to 
inflammation. 

9.3 SKELETAL FRACTURE 
Fs 
0 
0 

Skeletal fractures occur as a result of excessive stress or poor bone health, 
malnly reduced mineral content. Fractures are most common in children and 
in the very elderly. In children these involve mamly long bones, are more 
common in males, and are only weakly associated with bone mineral con- 
tent, while in the elderly they classically occur in bones which have a high 
proportion of trabecular bone (the wrist, hip and spine), are more common 
in women, and are strongly associated with low bone mineral content (osteo- 
porosis). The healthcare costs and morbidity associated with these fractures 
are substantial. 

Obese individuals have a lower fracture risk than lean individuals as fat 
provides 'padding' during falls and they have hgher bone mineral density 
due to increased production of oestrogens in fatty tissue, and to mechanical 
strains induced by excess body weight. Anorexia nervosa results in marked 
loss of bone mineral content and an increased risk of fracture during later life. 

9.4 OSTEOPOROSIS, OSTEOMALACIA AND RICKETS 

Osteoporosis 

Osteoporosis is characterized by low bone mass and 'microarchitectural' 
deterioration of bone, resulting in an increased risk of fracture. The World 
Health Organization (WHO) defines osteoporosis as a bone mineral density 
value less than 2.5 standard deviations below that expected for young adults, 
and osteopenia when bone mineral density is between 1 and 2.5 standard 



deviations belovi the yo~mg adult mean. Ho.i/verrer many osteoporoiic frac- 
tures occur i? individuals who do not fulfil these criteria for a diagnosis of 
os-teoporosis. 

At least 30°io of postmenopausal women in Western countries are defined 
as having osteoporosis according to WHO criteria. However, differences in 
the length and width of bones as well as non-skeletal factors, such as fre- 
quent falling, poor muscle strength, low body mass and poor vision, also 
influence fracture risk. Many of these risk factors may be influenced by nutri- 
tional status. 

Treatment aims to increase bone mineral density. reduce bone remodel- 
ling, and decrease the risk of falls. Measures include avoidance of smoking, 
increasing dietary intake of calcium, ensuring adequate vitamin D status, and 
exercise and a variety of drugs such as bisphosphonates, oestrogens, selec- 
tive oestrogen receptor modulators and intermittent parathyroid hormone. 

Osteomalacia 

Osteomalacia results from defective mineralization of bone matrix (osteoid). 
The commonest cause is vitamin D deficiency. Other causes include disor- 
ders of phosphate metabolism, genetic defects, and excessive intake of nutri- 
ents such as fluoride. 

Rickets 

Rickets is osteomalacia that occurs when bones are still growing. Rckets 
has been an important cause of childhood illness and deformity for many 
centuries. Following the industrial revolution, the combination of urbani- 
zation, pollution and poor diet resulted in increased prevalence of the 
disease in England. Rickets continues to be an important disease in the 
developing world, and is still seen in developed countries, particularly in 
non-Caucasians. 

Children with rickets classically present with knock-knees or bowed legs, 
muscle weakness, and short stature. In breast-fed infants, rickets can develop 
within the first few months of birth, particularly when the mothers of these 
infants have vitamin D deficiency. These infants may have craniotabes (soft 
areas of the skull causing a 'ping-pong' ball sensation on pressure), thicken- 
ing of the wrists and ankles, and enlargement of the costochondral junctions 
(rachitic rosarv). Fractures and other deformities can occur. Children with 
rickets also have poor muscle development and tone. The skeleton is poorly 
mineralized, and the growth plates are widened (cupped) and irregular on 
x-ray. As in adult osteomalacia, there is an excess of unmineralized osteoid. 
Infants with rickets may develop respiratory infections, and are more likely 
to have tuberculosis. Many of the clinical features of rickets resolve within 
a short period after administration of adequate amounts of vitamin D but 
pelvic deformities can lead to later difficulties during labour. 

In the early part of the 20th century it was discovered that rickets could be 
cured by a fat-soluble nutrient or sunshine exposure. An unfortified infant 
diet contains a very small amount of vitamin D, although there are small 
amounts in milk and egg yolk. Causes of osteomalacia and rickets include 



high dietary intakes of phytate; increased skin pigmentation or traditional 
dress; calcium deficiency; genetic or acquired disorders of phosphate metab- 
olism or vitamin D metabolism; and deficiency of the enzyme alkaline phos- 
phatase (Box 9.1). 

9.5 THE ROLE OF CALCIUM AND VITAMIN D IN 
BONE (SEE CHAPTER 5) 

The risk of poor bone mineralization is greater in modern society than for our 
distant ancestors. The genetic constitution of modern humans has changed 
little over the past 10,000 years, but the environment has altered markedly 
Cultivated plant foods such as cereal grains have far less calcium than do 
other vegetable food sources and dietary calcium intake was probably twice 
as great in pre-agricultural humans. Modern humans get less exercise and 
far less sunshine exposure than did our evolutionary ancestors. There is very 
little vitamin D in the unsupplemented diet of most modern humans. 

Increasing calcium intake through supplements or dairy foods results in a 
reduction in bone resorption within two hours, and a decrease in serum PTH 
after several weeks of intervention. Several studies have shown that calcium 
supplementation alone or with vitamin D reduces the risk of osteoporotic 

I fracture in elderly men and women living in institutions or at home. Calcium 
supplementation appears to have less influence on bone loss in the years 

I immediately after the menopause, possibly due to the overriding importance 
i 
! 

of oestrogen deficiency during this time. 
I 
I Children and adolescents are a particularly important target for interven- 

i tions to increase bone mass. Randomized controlled trials of calcium or dairy 

I supplementation in children for periods up to 3 years found a greater bone 
! mass accrual in the order of 1-7%, possibly due to a reduction in the rate of 
i bone remodelling. 

! Calcium supplementation and adequate protein intake has important 
I therapeutic value in osteoporosis and combined supplements of calcium and 



vitamin D are often recommended to patients with osteoporosis, Most cal- 
cium supplementation studies ihihch have shown a skeletal effect have used 
intakes of at least 1000mg per day luaintenance of body weight is critical, 
since moderate weight loss and low body weight are associated with loss of 
bone mass and risk of fracture. However, excessive calcium intake can result 
in hypercalcaemia, renal insufficiency or renal stones, and impaired absorp- 
tion of other nutrients such as iron, phosphorus and zinc. 

9.6 PROTEIN, ACID-BASE BALANCE AND BONE 

A diet high in protein results in increased urinary calcium excretion. This was 
thought to indicate increased bone resorption to buffer the acid load result- 
ing from protein catabolism, but more recent studies suggest that increased 
excretion may be due in large part to increased efficiency of dietary calcium 
absorption. Plant proteins result in less acid production than animal pro- 
teins but evidence that intake of animal protein is harmful to the skeleton is 
not strong. Increasing protein intake may increase bone mineral density and 
decrease the risk of falling in some populations, particularly in the elderly 

It is overly simplistic to consider animal protein as a single nutritional 
entity. Whereas purified protein products (such as casein) that are used in 
many studies result in increased urinary calcium loss, more recent stud- 
ies using meat as a protein supplement have shown little effect on urinary 
calcium excretion. The relevance of protein intake may also vary by age and 
nutritional status. Elderly persons with osteoporotic hip fracture are often 
undernourished and low body weight is an important risk factor for fracture. 
Protein and calcium supplementation in randomized control trials improves 
clinical outcome after hip fracture, increases muscle strength and improves 
bone mineral density. 

There is evidence that a diet high in fruit and vegetables is associated 
with a slightly reduced fracture risk. The relationslup between the alkaliniz- 
ing effect of fruit and vegetable intake on the one hand and the acidifying 
effect of meat intake on the other hand has received considerable attention. 
However, most studies have not shown significant differences in skeletal 
health or fracture risk between vegetarians and meat eaters. The intake of 
fruit and vegetables is associated with lifestyle factors such as smoking, alco- 
hol consumption and exercise and statistical correction for these confound- 
ers is often different. It is premature to draw conclusions about the role of 
fruit and vegetables in the prevention of fracture risk until the results of ran- 
domized intervention trials are available. 

i' 

9.7 THE ROLE OF OTHER VITAMINS ON BONE 

Excessive intake of vitamin A causes increased concentration of calcium in 
the blood (hypercalcaemia), increased bone resorption and skeletal disease, 
but vitamin A intake within the general population is not clearly related to 
skeletal health. Deficiency of B vitamins, particularly folate, riboflavin and 
vitamin B6, leads to increased plasma homocysteine, which may be associ- 
ated with low bone mineral density and increased fracture risk. Vitamin C is 
necessary for collagen synthesis and cross-linking; scurvy (severe vitamin C 

i 



deficiency) is associated with bone paCn, subperiosteal haemorrhages and 
fractures around -the growth plates but is now rare except in food faddists 
or in extrem,e malnutrition. However, there is some evidence that milder 
vitamin C deficiency may affect skeletal health, particularly in smokers. 
Supplementation with vitamin K2 has been reported to increase bone min- 
eral density and reduce the rate of osteoporotic fracture. The importance of 
dietary vitamin K as a determinant of fracture risk is uncertain. 

9.8 THE ROLE OF  OTHER MINERALS ON BONE 

A diet high in sodium increases urinary calcium excretion and so excessive 
sodium intake should be avoided by Individuals with increased fracture risk. 
Bone mineral consists largely of calcium phosphate, and phosphorus supply 
is therefore essential for skeletal development but excess phosphorus intake 
lowers urinary calcium excretion and impairs absorption of calcium from 
the diet. Phosphorus is present in a wide variety of foods, and is also added 
to foods and cola drinks as polyphosphates or phosphoric acid. The possi- 
ble harmful effect of a high phosphorus diet on the skeleton may be more 
relevant when calcium requirements are h g h  during puberty The form of 
ingested phosphorus is also important: polyphosphates may have a greater 
deleterious effect on calcium balance than orthophosphates. 

Fluoride increases the activity of osteoblasts and substantially increased 
fluoride intake is associated with severe skeletal disease (fluorosis). Fluoride 
therapy in patients with osteoporosis increases trabecular bone mineral den- 
sity, but this is associated with an increased rate of fracture rather than a 
decrease. Many elderly people consume zinc deficient diets and zinc under- 
nutrition may increase the risk of osteoporosis. Several studies have reported 
that women with postmenopausal osteoporosis had elevated urinary zinc 
levels compared to healthy controls, and that in this population group uri- 
nary zinc excretion was associated with bone resorption. 

9.9 THE  ROLE O F  OTHER DIETARY COMPONENTS 
ON BONE 

Phyto-oestrogens are widely promoted as a 'natural' alternative to oestrogen 
replacement therapy to minimize the risk of osteoporosis in post-menopau- 
sal women. Isoflavones are phyto-oestrogens which have weak oestrogen- 
like properties and are found in high concentrations in foods such as soya. 
Several studies have reported a positive association between bone mineral 
density and intake of soya foods in Chinese and Japanese postmenopausal 
women but the association is less clear in populations with lower habitual 
soya intake. 

Alcohol abuse and dependence may compromise bone quality and increase 
risk of fracture, due to a direct toxic effect of alcohol on bone osteoblasts, 
insufficient intake of other nutrients, vitamin D deficiency, decreased sex 
hormone secretion and increased risk of falls. There is less evidence that 
moderate alcohol consumption is associated with fracture risk. 

Most studies have found no association or a weak increase in fracture 
risk with excessive consumption of caffeine-containing beverages. Although 



caffeine decreases slightly the efficiency of calcium absorption, this would be 
offset entirely by addition of two tablespoons of milk to a cup of coffee. 

Studies in teenagers have reported that a high intake of carbonated cola- 
type drinks is associated with a low bone mineral density and a higher prev- 
alence of fracture, which may be due to other associated lifestyle or dietary 
factors but the phosphorus content and caffeine content of some carbonated 
drinks may contribute to risk. 

9. I0 TEETH 

Teeth are important for enhancing facial appearance as well as for eating and 
speaking. Dental diseases inflict considerable pain and anxiety and are more 
costly to health care services than the cost of treating cardiovascular dis- 
eases and osteoporosis. Nowadays, people are retaining their teeth well into 
older age and it is a realistic expectancy that teeth are for life. Man has two 
dentitions. The deciduous dentition begins to appear in the mouth at about 
6 months of age, consists of 20 teeth and is shed by early adolescence and 
is rcplaced by the permanent dentition (between the ages of about 6 and 21 
years) which consists of 32 teeth. 

Dental diseases include enamel developmental defects (eg hypoplasia and 
fluorosis), dental tissue loss (eg erosion, abrasion and attrition), periodontal 
disease (gum disease) and dental caries. Enamel defects may occur while the 
teeth are forming; the two main types are fluorosis, caused by excess inges- 
tion of fluoride during tooth development, and hypoplasia, which has many 
causes including infections, drug side effects, congenital defects, dental 
trauma and dietary deficiencies. 

Dental erosion is the loss of dental mineralized tissues by acids from diet 
and/or the environment and by regurgitation (eg in bulimia). Other forms of 
tooth wear include attrition due to grinding of the tooth surfaces and abra- 
sion, often due to over harsh brushing of the teeth. The age-related loss of 
dental tissue is accelerated by elements of the modern hfestyle, including an 
increase in consumption of acidic drinks, such that approximately 50% of 
young people aged 4-18 have signs of erosion to their teeth. 

The most common periodontal diseases are gingivitis, which is inflamma- 
tion of the gums, and periodontitis which involves the periodontal ligament 
and eventually the alveolar bone, leading to increased mobility of the teeth 
and their eventual loss. About 10-15% of the population in industrialized 
countries have severe chronic periodontitis. Plaque on teeth adjacent to the 
gingivae initiates an inflammatory response in the connective tissue which 
can lead to collagen destruction and anaerobic bacteria build up. Response 
to plaque may be modified by dietary and hormonal factors (eg pregnancy) 
and diseases such as diabetes. The disease progresses more rapidly in under- 
nourished populations. A deficiency of vitamin C has been historically asso- 
ciated with periodontal disease as it is essential for collagen formation, hence 
the integrity of the periodontal ligament, blood vessel walls and alveolar 
bone matrix. Topical application of folate is effective in preventing gingivi- 
tis in pregnant women. However nutrition and diet are generally not impor- 
tant in the prevention or treatment of periodontal disease, the main focus of 
which is plaque removal. The main causes of tooth loss are dental caries in 



chidren and periodontal disease in adults. As the latter has on117 a minor 
relationship wi~th nutrition, the main focus of this chapter section is on den- 
tal caries. 

9.1 I DENTAL CARIES 

Dental caries was rare until the 19th century when the prevalence and sever- 
ity rose rapidly, 'poor teeth' being the most important cause of rejection of 
volunteers for service in the Boer War. The first surveys of the dental health 
of children in the UK between 1906 and 1908 showed that 90% of children 
were affected by decay with an average of four decayed teeth per child and, 
as consumption of sugars increased, reached its peak in the late 1950s and 
60s. Interruptions to this trend occurred during the First and Second World 
Wars when the prevalence of dental caries fell by 40°h and 30% respec- 
tively in the UK, due to a fall in sugars consumption. Since the 1970s dental 
decay has declined dramatically, largely due to the introduction of fluoride 
in toothpaste. In 1973 the average number of teeth affected with dental car- 
ies per 14-year-old child was 7.4, falling to 4.7 in 1983 and to 2.0 in 1993 but 
these improvements have now levelled off and in inner city populations lev- 
els are increasing slightly. 

The severity of dental decay is measured using the dmft/DMFT (pri- 
mary dentitiodpermanent dentition) index, which is a covnt of the number 
of teeth that are Decayed, Missing or Filled. These indices are widely used 
throughout the world for monitoring levels of dental decay. 

Dental decay is very strongly related to social class with highest levels 
in the most socially disadvantaged. Pre-school children from manual social 
classes are more likely to be frequent consumers of confectionery and sug- 
ared soft drinks and more likely to be users of dummies and reservoir feed- 
ers. 59% of older people from manual working backgrounds are edentulous 
compared with 38% from non-manual backgrounds. Regional differences 
exis; in levels of decay with the highest leveis being reported in Northern 
Ireland and Scotland and the lowest levels being reported in London and the 
South East. 

. .  . ,. . ' 
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9.12 T H E  DECAY PROCESS . . 

Dental caries is the localized loss of dental hard tissues as a result of acids 
produced by bacterial fermentation of sugars in the mouth and its develop- 
ment is influenced by the structure of the tooth, the salivary flow rate and 
composition and the presence or absence of fluoride. 

Theories of causation 

Several older theories of causation include worms, vitamin D deficiency and 
an autoimmune disease. Only the chemo-parasitic theory (also known as the 
'acid theory') has persisted and is now widely accepted by dental scientists 
worldwide. Experiments showed lactic acid was the main acid produced 
during fermentation and that the centre of carious lesions was acidic; thus 



lactobacillus was viewed as the main class of cariogenic bacteria. li is now 
thought that mutans streptococci initiate caries and that lactobacilli become 
involved at a later stage when the lovv pH conditions produced by mutans 
streptococci favour their growth. 

The structure of the tooth and the decalcification process 

To understand the action of bacterial acids on the teeth an appreciation of the 
tooth structure is required. The teeth are composed of three mineralized tissues - 
enamel, dentine and cementum (Fig 9.1). Dentine forms the bulk of the tooth 
and is covered on the roots by a thin layer of cementum and on the crown by 
hard enamel. The teeth are supported by the alveolar bone of the maxilla or 
mandible, covered in epithelium whch around the necks of the teeth is called 
the gingivae (gums). The teeth are held in the alveolar bone by the periodontal 
ligament, allowing the teeth to move slightly. Enamel contains no cells, nerves 
or blood vessels and is insensitive, but the dentine is very sensitive to many 
stimuli. The nerves and blood vessels supplying the dentine come from the 
pulp that forms the soft centre of a tooth, supplied by nerves and blood ves- 
sels from the alveolar bone via the apical foramen of the tooth roots. Dental 
enamel consists of crystals of hydroxyapatite, a crystalline compound com- 
posed of calcium and phosphate in a thinly dispersed organic matrix. 

The role of dental plaque 

An essential factor in the aetiology of dental caries is dental plaque, a white, 
slightly glutinous layer, which builds up on the surfaces of teeth when they 
are not cleaned. Micro-organisms then multiply to make up about 70% of 
plaque while the remaining 30% consists of the plaque matrix made up of 
polymers derived from dietary sugar by enzymes secreted by the plaque 
micro-organisms. These polymers are glutinous and form an energy store 
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Figure 9.1 Vertical section through a permanent molar tooth (diagram drawn by D. S. Brown 
and reproduced w i th  permission). 



from whch bacteria feed during long breaks between the host's meals. 
Dental plaque is usiually found in areas around the teeth which are least eas- 
ily cleaned, m a d y  in t!ne pits and fissure of the occlusal (or chewing) sur- 
faces between adjacent teeth (proximal surfaces) or along the gingival margin 
of the tooth on the b~~cca l  (outer) or lingual (inner) surfaces of the teeth. Diet 
has an important influence on plaque composition; a diet high in sucrose 
encourages the growth of acid-tolerant bacteria such as mutans streptococci. 

Dietary sugars diffuse into the dental plaque where they are metabolized 
by plaque microorganisms to acids which reduce the pH of dental plaque 
and dissolve the mineral phase of enamel, thus beginning the caries process. 
Enamel hydroxyapatite usually begins to dissolve around pH 5.5. When the 
pH rises above this value remineralization of enamel may occur. Saliva pro- 
motes remineralization as it contains bicarbonate which increases pH and 
encourages deposition of mineral in porous areas where demineralization of 
enamel or dentine has occurred. If the pH in the mouth remains high enough 
for sufficient time then complete remineralization may occur. However, if 
demineralization dominates the enamel becomes more porous until finally 
a carious lesion forms. High levels of calcium and phosphate in plaque will 
help resist dissolution of the enamel. The development of caries is also influ- 
enced by the composition of the tooth (the structure of the enamel can be 
altered by the diet while the teeth are forming), the quantity and composi- 
tion of saliva (eg calcium and phosphate content and buffering power) and 
the time for which dietary sugars are available for fermentation. 

The Stephan curve 

Stephan, in the 1940s, used microelectrodes to show that the resting pH of 
plaque was around 6.5-7 but, on exposure to sugars (glucose or sucrose), fell 
rapidly within a few minutes, to around pH 5, followed by a slow recovery 
to baseline pH over the next 30-60 minutes. pH plotted against time is gen- 
erally referred to as a 'Stephan curve' (Fig 9.2) and has been commonly used 
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Figure 9.2 Stephan curves produced by eating either cheese or sugared coffee after tinned 
pears in syrup. From Rugg-Gunn et al 1975 (reproduced with permission). 



to measure the acidogeric potential of a range of foocls as an indirect meas- 
ure of their cariogenic potential. However, this takes no account of protective 
factors in foods, the resistance of enamel and salivary factors that influence 
the caries process, and needs to be interpreted alongside data from other 
types of study including animal studies and epidemiological surveys. 

Different food combinations result in different patterns in plaque pH. For 
example cheese following a sugary snack almost abolishes the fall in plaque 
p H  that usually results from sugars consumption, probably due to the stim- 
ulation of saliva by its strong flavour and low carbohydrate content. Other 
foods that are good stimuli to salivary flow include peanuts and sugar-free 
chewing gum. If consumption of sugary foods is restricted to mealtimes, the 
risk of caries can be reduced. 

9.13 PROMOTING A N D  PROTECTIVE FACTORS FOR 
DENTAL CARIES 

Many factors can promote dental decay including: poor oral hygiene; high 
Streptococcus mu tans  counts; and an excess intake of dietary sugars. Several 
factors are known to be protective, most notably fluoride exposure (both die- 
tary and non-dietary) and restricted intake of sugars, and also a number of 
other dietary factors including milk, cheese and xylitol. 

Diet can affect the teeth while they are forming, before they erupt into the 
mouth (a pre-eruptive effect) and, once erupted, by a local direct effect. In 
developing countries, in the absence of dietary sugars, undernutrition is not 
associated with dental caries but coupled with a high intake of sugars under- 
nutrition results in levels of caries greater than expected for the level of sug- 
ars intake. Despite considerable past interest in the pre-eruptive effect of diet 
on tooth decay, today the post-eruptive local effect of diet in the mouth is 
considered to be much more important. 

Factors promoting dental caries 
Dietary sugars 

In the past, a positive correlation between sugar intake and levels of dental 
caries between countries was found. Today, the relationship is less strong in 
countries with high sugar intake since these countries are on the upper flat- 
tened part of the sigmoid relationship curve. However, sugar availability still 
accounts for over a quarter of the variation in dental caries levels. 

A marked increase in dental caries occurred in populations that have 
undergone the 'nutrition transition', that is where traditional diets that 
were low in free sugar have been replaced by a westernized diet high in free 
sugar. High sugar consumers with higher than average levels of dental caries 
include confectionery workers, sugar cane cutters and children taking long- 
term sugared liquid medicines. Groups of people a~.'ith a loav sugar intake 
show low level of caries including children in institutions where strict die- 
tary regimens low in sugar are followed and also in children with Hereditary 
Fructose Intolerance, a condition in which fructose, and therefore sucrose 
must be avoided. During the Second World War the reduction in sugar avail- 
ability in many countries was related to a reduction in caries. 



There have been two human intenieniion studies of special importance. 
First, the Vipeholm Study vvas conducted in a mental institution in Sweden 
shortly after the Second VVorld War in which 964 mostly male patients 
were divided by wards into one control group and six test groups, given 
high sucrose intakes at meals only, or at and between meals, ~ I I  non-sticky 
(sucrose solution, chocolate) or sticky forms (caramels, toffees, sweet bread). 
It was concluded that: sugars consumption even at high levels is associated 
with only a small increase in caries increment if taken up to four times a day 
as part of meals; consumption of sugars between meals as well as at meals 
is associated with a marked increase in caries; and caries activity disappears 
on withdrawal of sugars from the diet. The highest caries increment was 
observed in the group that consumed 24 sticky toffees throughout the day. 

The second human intervention study took place in Turku, Finland, in the 
1970s with the aim of investigating the effect over two years on dental caries 
of nearly total substitution of sucrose in a normal diet with either fructose 
or xylitol. The xylitol group had 56% fewer cavities than the sucrose group, 
but a similar number of cavities formed in the sucrose and fructose groups. 
Xylitol was therefore less cariogenic than the sucrose or fructose, due to the 
inability of plaque micro-organisms to metabolize xylitol to acids. 

Both amount of sugars intake and the frequency with which it is eaten are 
important for caries development and the two variables are strongly associ- 
ated - reducing one of these variables will result in a reduction in the other. 

Starches 

There is little evidence from epidemiological studies that the intake of staple 
starchy foods is associated with dental caries, in contrast to a much closer 
relationship between caries and sugar availability on a worldwide basis. 
The intake of starch increased in Norway and Japan during the years of the 
Second World War yet the occurrence of caries was reduced. Starchy foods 
generally produce less of a decrease in plaque pH compared with sugar, and 
wholegrain starchy staples may also have properties that protect the teeth 
from decay and require more mastication, thereby stimulating secretion of 
saliva, increasing its buffering capacity. 

Other carbohydrates 

Modern diets contain an increasing array of carbohydrates other than 
starches and sugars including maltodextrins, glucose syrups (collectively 
known as glucose polymers) and non-digestible oligosaccharides such as 
oligofructose and gluco-oligosaccharides. The latter are increasingly being 
used in foods as they are pre-biotics, encouraging the growth of favour- 
able colonic bacteria. Less is understood on the cariogenic potential of these 
carbohydrates. 

Fruit 

There is little evidence from epidemiological studies to show fresh whole 
fruit to be an important factor in the development of dental caries, and in 



fact apples have long been used as a symbol of oral health. Some plaque pH 
studies have fo~md fruit to be acidogenic, but less so than sucrose; however, 
these take no accoun'c of the protective factors found in fresh fruits or of the 
fact that they provide a good stimulus to salivary flow. 

Many fruits are acidic - eg citric acid in citrus fruits, oxalic acid in rhu- 
barb, tartaric acid in grapes and malic acid in apples - which has led to con- 
cern that fruit consumption may contribute to erosive tooth wear. Fruit juices 
are more erosive than whole fruits since the latter provide a good stimulus to 
salivary flow. 

Minerals 

Some trace elements increase dental caries although their influence is rela- 
tively small. Higher selenium intakes are related to hgher caries prevalence. 

Factors protective against dental caries 
Fluoride 

Fluoride increases the resistance of the teeth to decay in several ways. First, if 
ingested during the development of the enamel, it becomes incorporated into 
the enamel crystal structure and replaces the hydroxyl groups in hydroxy- 
apatite to form fluoroapatite which is more stable and resistant to deminer- 
alization. Second, remineralization of enamel in the presence of fluoride 
results in the porous lesion being remineralized with fluoroapatite rather 
than hydroxyapatite and thirdly, fluoride idubits bacterial sugars metabo- 
lism which results in less acid production. Fluoridation of drlnking water can 
reduce dental caries by 50% but does not eliminate dental caries. The benefits 
of water fluoridation have been observed even in populations where use of 
other sources of fluoride such as fluoride toothpaste is widespread. Despite 
a marked protective effect of fluoride on caries prevalence, a relationship 
between sugars intake and caries still exists in the presence of fluoride. 

The link between water fluoride content and dental caries prevention was 
first established in the USA in the early 20th century and its effectiveness has 
now been demonstrated in over a hundred surveys in more than 20 countries 
including the UK. Where water fluoridation has been discontinued levels of 
dental caries have subsequently increased: a 25% increase in dental caries 
was observed in some areas of Scotland over 5 years after removal of water 
fluoridation. 

Fluoridation of drinking water can substantially decrease dental caries but 
an excess of fluoride during the development of the teeth may cause 'den- 
tal fluorosis', an enamel developmental defect ranging from small white dif- 
fuse opacities to severe pitting and staining of enamel in more severe cases. 
For front teeth the period when there is greatest risk of fluorosis is between 
two and five years. Severe fluorosis is rare in the UK and cases have usu- 
ally been linked with excessive fluoride ingestion from eating toothpaste or 
misuse of fluoride supplements. Severe fluorosis including skeletal fluorosis 
is observed particularly in countries that have very high levels of fluoride in 
water supplies, such as in areas of hdia,  Thailand, in the Rift Valley of East 
Africa and in many Arab states. 



The optimal level of fluoride in water is the level at which a substantial 
caries reduction is observed with a negligible prevalence of enamel fluor- 
osis, In temperate climates including the UK the optimum concentration of 
fluoride is l.Omg/L whle in warmer climates it might be nearer O.bmg/L. 
Water fluoridation is endorsed by science and health organizations includ- 
ing the International Dental Federation, the International Association for 
Dental Research and WHO. Despite this expert endorsement there are small 
groups of people who strongly oppose water fluoridation on the grounds of 
perceived health risks and imposed treatment of the water supply. In addi- 
tion to water, suitable vehicles for artificial fluoridation are salt and milk 
although neither of these is used extensively. Dietary fluoride provides a 
local effect on the teeth whilst in the mouth and a systemic effect on the teeth 
after digestion and absorption. Fluoride in toothpaste and mouth rinse pro- 
vides a mainly topical effect as these are not supposed to be swallowed. 

Other dietary factors 

Other trace elements are protective against dental caries although their mflu- 
ence is of relatively small importance. These include dietary molybdenum, 
strontium, boron and lithium. Other dietary components and foods such as 
phosphates, calcium, casein and polyphenols, milk and cheese may also have 
cariostatic properties. Other foods such as honey, chocolate and Liquorice all 
contain factors that protect against dental caries but the benefits of these factors 
is overridden by the negative effect of the high sugars content of these foods or 
in the case of Liquorice the dark staining effects. Sugar-free foods that stimulate 
salivary flow are caries protective and include sugar-free chewing gum. 
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CHAPTER 10 

Diet and the 
Tract 

Gastroin test inal 

By the end of this chapter you should be able to: 

* summarize the main features of digestion and absorption 
describe the most common chronic diseases which affect the 
intestinal tract, their epidemiology and clinical presentation, 
aetiology and pathophysiology 
discuss the role of diet in their management 
discuss current understanding of food allergies and intolerance 

. . . , : .. ,..:. ,e 

10. I INTRODUCTION . . . i  . .  . 
I-.;. . .., , - , 

The primary function of the gastrointestinal tract is to facilitate digestion and 
the absorption of nutrients, although it also makes an important contribution 
to the body's immune function. Intestinal function is modulated by gastroin- 
testinal peptide hormones and an enteric nervous system (ENS). The GI tract 
comprises the mouth, pharynx, oesophagus, stomach, small intestine (duode- 
num, jejunum and ileum), the large bowel or colon, and the rectum and anus 
(Fig 10.1). Digestion is initiated in the mouth, continues in the stomach, and 
is completed in the small intestine. This process is aided by the presence of 
enzymes in saliva and gastric juices, and those secreted into the small intes- 
tine, as well as bile salts released by the gall bladder. Undigested material 
travels to the large bowel, where bacterial fermentation can occur, with the 
production of stool which is excreted via the rectum. 

The immune system of the gastrointestinal tract has a number of different 
roles. Following ingestion of food or beverage the general trend is towards 
suppression of immunity to allow the digestion of substances foreign to the 
body, in other words, oral tolerance. However, active immunization may also 
follow the feeding of antigen and this is typically in the form of harmless 
secretory IgA antibody. In some circumstances there is, however, induction 
of potentially pathogenic immune reactions. 
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Figure 10.1 The gastrointestinal tract (A) and movement of fluid through different regions 
(6). L = litres. T h e  daily amounts and sites of fluid secretion and absorption are from dara in Ma & 
Verkrnan 1999.) 

Gastrointestinal disorders can arise in a variety of circumstances, includ- 
ing exposure to pathogens, or particular food items, or nutrient deficiencies. 
Diet is often the only practicable therapy that patients are offered. 

10.2 DIGESTION AND ABSORPTION 

The gastrointestinal tract comprises different regions of activity in terms of 
digestion and absorption. Figure 10.2 depicts a diagrammatic representa- 
tion of a cross-section across the intestinal wall, illustrating the relationship 
between the absorptive surface area and the blood and lacteal system that 
carry the products of digestion away from the gastrointestinal tract. The 
major components of the diet are starches, sugars, fats and proteins. These 
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Figure 10.2 Cross-section of intestinal wall. (Redrawn with permission from Figure 24- 18 in 
Tortora & Anagnostakos 1990. Reproduced with permission ofJohn Wiley & Sons. Inc.) 

have to be hydrolysed to their constituent smaller molecules for absorption 
and metabolism. Starches and sugars are absorbed as monosaccharides; fats 
are absorbed as free fatty acids and glycerol (plus a small amount of intact 
triacylglycerol); proteins are absorbed as their constituent amino acids and 
small peptides. Table 10.1 summarizes the sites of nutrient absorption along 
the gastrointestinal tract. 

Digestive processes in the mouth 

Chewing both grinds the food and also mixes it with saliva, which contains 
a-amylase and proteolytic enzymes that initiate digestion of dietary starch 
and protein. Lipid digestion also begins in the mouth, initiated by lipase 
secreted by the tongue (lingual lipase). 

Digestive and absorptive processes in the stomach 

Swallowing transfers a food bolus from the mouth to the oesophagus and 
thence to the stomach. Following a meal, gastric secretory activity follows 
three well-defined phases: 

the cephalic phase, during which the sight, aroma and anticipation of 
food stimulates the parasympathetic intestinal nervous system, leading to 
gastric acid and gastrin secretion 
the gastric phase, associated with increased acid and pepsinogen secretion 
the intestinal phase, which occurs towards the end of liquidization of food 
in the stomach. 
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Table 10.1 Regional'anatomy of the intestine and sites of n~ t r i en t  tlbsorpr~on 
-. - 

Region Functions per formed Mucosal surface Nutr ients  digested Nutr ients  absorhed Major  site of E lec l ru ly te~  

absorption absorbecl 
... . . . . . . . .  . ............. I ' 

.. . . . . . . . . .  - - - .. . . .  - - - - -. ...... -. - 

Mouth Grinding food t o  smaller particle size Small folds Small amount of Small amounts of N o  N o  
Moistening food (saliva) protein, starch glucose, peptides and 
Initial digestion by lipase and 0-amylase amino acids 
Initiation of safety mechanisms 

Stomach Intestinal defence (eg acid secretion) Rugae and pits Protein, lipid Insignificant amounts N o  N o  
Homogenizing food t o  smaller particle size 
Moistening food (gastric secretions) 

Further enzyme secretion 
Gastric emptying meters delivery of nutrients t o  

the small intestine 
Feedback of satiety messages 

Small Completion of digestion by pancreatic enzymes Rugae, villi and Protein, lipid, Amino acids, peptides, Carbohydrate, Sodium, 
intestine Absorption of digestion products of microvilli carbohydrate fatty acids, glucose, fat, protein, potassium, 

carbohydrate, protein and fat fructose, galactose water, calcium, 
Absorption of water and electrolytes electrolytes magnesium, 
Absorption of minerals and micronutrients chloride, 
Feedback of satiety messages phosphate 

Colon Final salvage of water and electrolytes Rugae and pits Dietary fibre - Acetate, propionate, and Short-chain Magnesium 
Mucin breakdown digested by bacteria butyrate and carboxylic fatty acids, and calcium 
Conversion of bilirubin t o  ul-obilinogen and fermented t o  acids water, in form of 
Cholesterol catabolism short-chain fatty acids electrolytes soaps with 

Organic acid production ('acetate buffer') fatty acids 



Both dietary triacylglycerol and protein are hydrolysed by enzymes secreted 
in the gastric juice. Gastric Lipase hydrolyses triacylglycerol to release free 
fatty acids. Gastric acid denatures dietary protein and facilitates hydrolyses 
by pepsins, which are generated from precursor pepsinogens. 

Gastric emptying 

The rate of gastric emptying is influenced by the amount of food eaten dur- 
ing a meal, and nutrients present in the food, but the control is exerted by 
neural or hormonal signals arising in response to nutrients in other parts 
of the gut. The effect is really one of feedback inhibition so that the rate at 
which the products of digestion in the stomach are allowed to move into the 
small intestine is regulated by the rate at which they are further digested and 
absorbed in the small intestine. Thus the presence of nutrients in the duo- 
denum exerts an inhibitory effect on gastric emptying through the duodenal 
brake. Furthermore, the presence of nutrients in the ileum exerts a similar 
inhibitory effect on gastric emptying, known as the ileal brake. For example, 
fat in the meal that reaches the ileum inhibits gastric emptying, through 
effects on sensory receptors. Such an effect is mediated by neural and hor- 
monal factors. Luminal lipid stimulates release of the regulatory peptide 
hormones cholecystokinin (CCK), neurotensin, peptide YY (PYY) and gluca- 
gon-like peptides (GLP), which collectively inhibit gastric motility. 

In addition to the complex neural and hormonal signals, gastric disten- 
sion is a very powerful inhibitory signal that increases feelings of fullness . . 

and satiety and slows down eating. 

Digestive and absorptive processes in the small intestine 

As the semi-liquid products of digestion in the stomach (called chyme) pass 
through the pyloric sphincter into the small intestine they are exposed to the 
digestive activity of intestinal secretions as well as the emulsifying activity of 
bile, produced in the gall bladder. Two hormones, secretin and cholecystoki- 
nin, are released into the duodenum, and these elicit the secretion of pancre- 
atic enzymes and bile. Enzymes secreted by the pancreas act upon proteins, 
lipids and starch. The digestion of protein is achieved by proteases including 
trypsin, chymotrypsin, elastase and carboxypeptidases, and their combined 
actions lead to the production of free amino acids and short peptides. 

The digestion of lipids, which was initiated in the stomach, continues in the 
small intestine with the formation of mixed micelles that have a hydrophobic 
core and hydrophilic outer surface. Pancreatic lipases hydrolyse lipids with 
the release of free fatty acids. The pancreatic secretions are relatively alkaline 
and thereby neutralize the acidity of the chyme. Intestinal motility facilitates 
the passage of food and the products of digestion down the gastrointestinal 
tract by the action of waves of contraction, called peristalsis. These waves of 
contraction begin in the oesophagus and run through the gastrointestinal tract. 

Digestion and absorption of carbohydrate 

In the small intestine carbohydrate digestion continues with the further hydroly- 
ses of starch by pancreatic amylases to yield a mixture of glucose oligomers. 



These are SL~ther hydrolysed by the 'omsh-bordzr glucosidases to glucose, mal- 
tose and isomaltose. Disaccharides are hydrolysed to their constiituent mono- 
saccharides by disaccharidases on the brush border or' the e~~terocytes, Uptake 
of glucose and galactose into the enterocyies takes place via the same active 
(sodim.-Linked) transporter (SGLTl), while fructose, some other monosaccha- 
rides and sugar alcohols are carried by passive transporters. Glucose can also 
be transported by a second glucose transporter,, GLUT?, whch responds to an 
increased dietary load of carbohydrate. Most carbohydrate absorption takes 
place in the duodenum, upper jejunum and proximal ileum. 

Digestion and absorption of protein 

The endopeptidases of gastric and pancreatic juice hydrolyse proteins to 
yield oligopeptides and hydrolyses continues by aminopeptidases secreted 
by the intestinal mucosa and pancreatic carboxypeptidases, to yield free 
amino acids and di- and tripeptides. Transport into the enterocytes occurs via 
transporters specific to particular amino acids. Intracellular peptidases com- 
plete the hydrolyses of small peptides, and the resultant amino acids pass 
into the bloodstream. Some relatively large peptides enter the bloodstream 
intact, either by passing between cclls or by uptake into mucosal cells and 
this is the basis of food allergy. 

Digestion and absorption of fat 

The process of fat digestion is one of progressive emulsification of dietary fat 
and hydrolyses of triacylglycerol to free fatty acids and monoacylglycerols. 
The final product of fat digestion is the micelle which is taken up by the 
enterocyte. Short chain fatty acids enter the villus microcirculation, but most 
of the fatty acids are re-esterified to triacylglycerol in the enterocyte, pack- 
aged into chylomicrons and secreted into the lymphatic system. Cholesterol 
and fat-soluble vitamins are absorbed dissolved in the hydrophobic core of 
the micelles. Free fatty acids can diffuse freely across the cell membrane. 

Events in the colon 

The colonic microflora produce short chain fatty acids (SCFA), acetate, pro- 
pionate and butyrate, by fermentation of resistant starch and non-starch 
polysaccharides. Butyrate is a preferential fuel for the colonic mucosa, 
and promotes colonocyte differentiation. It may thus have a significant role 
in preventing colon cancer. Water uptake is stimulated by SCFA absorption 
and this is likely to be one of the major mechanisms for water and electrolyte 
salvage in the large intestine. 

Water and electrolytes 

The human small intestine absorbs 6.5 to 7.5 litres of water each day. Water 
absorption is proportional to the amount of substrate and electrolyte that 
moves across the membrane and the direction of water movement is gov- 
erned by solute movement. In cholera, excessive secretion of chloride into the 



colon is accompanied by water secretion and diarrhoea, leading to dehydra- 
tion and eventually death, unless treated. 

Sugar alcohols, used as sweeteners, such as xylitol, lactitol and sorbiiol, 
are poorly absorbed and will enter the colon with water, for fermentation. If 
the colonic fermentation capacity is exceeded then diarrhoea ensues because 
the excess water carried into the colon with the sugars cannot be absorbed. 
Other causes of osmotic diarrhoea include dietary fibre such as guar gum, 
probiotics such as fructose oligosaccharide and beans that contain large 
quantities of stachyose, all of which are substrates for bacterial fermentation. 

The role of the gastrointestinal tract in the regulation 
of feeding (see chapter 2, section 2. I 1)  

Energy balance is maintained by both short- and long-term mechanisms to 
regulate energy intake and expenditure. Some reference has already been 
made to the ways in which the presence of food in different parts of the gas- 
trointestinal tract can generate signals that feed back to regulate gastric emp- 
tying. Short-term control of appetite is regulated by the gastrointestinal tract 
as well as by the metabolic response to ingested nutrients. The gastrointes- 
tinal tract provides regulatory feedback signals that arise from direct effects 
of absorbed nutrients in the circulation, from neural signals from the gut 
and liver, and from hormonal signals. The taste of food, as well as the smell 
before eating, stimulates secretion of gastric juice and intestinal motility. The 
importance of taste in controlling sensations of hunger and satiety is seen in 
patients receiving long-term tube-feeding who experience constant feelings 
of hunger although nutritionally replete. 

During eating, food stretches the stomach and induces a complex series of 
signals that lead to cessation of eating. The mechanism is due to stretch, not 
gastric pressure, and works through direct inhibition of the stimulating effect 
of pleasurable tastes on eating. Once in the small intestine nutrients in foods 
are detected by receptors in the intestinal mucosa which leads to the sending 
of signals to the brain that control eating. For example, the presence of fat in 
the intestinal lumen is sensed by receptors that lead to the secretion of the 
hormone cholecystokinin, whch  elicits Inhibition of eating. 

Absorbed nutrients may also elicit signals that modulate eating behaviour. 
For example, in adequately nourished subjects, the intravenous infusion of 
lipid stimulates dopamine activity and this is associated with increased sati- 
ety ratings and feelings of fullness. However, despite the existence of mecha- 
nisms to induce feelings of satiety and control eating these can be overridden 
centrally such that, for example, it is often possible to consume an appetizing 
dessert even following a heavy meal. 

10.3 DISEASES OF THE GASTROINTESTINAL TRACT 

Food has a complex relationship with the integrity an

d 

function of the 
gastrointestinal tract. Dietary inadequacies can impair normal develop- 
ment, structure and function, leading to malabsorption and secondary nutri- 
ent deficiencies. The gastrointestinal tract can also be profoundly adversely 
affected by exposure to certain foods or nutrients, sometimes in association 



with a genetic susceptibilib]. Additionally, the use of appropriate dietary 
measures may be central to treatment of gastrointestinal disease. This part of 
the chapter will consider chronic gastrointestinal diseases and the role of diet 
in their aetiology and treatment. 

Coeliac disease 

Coeliac disease is a form of food intolerance which affects around 1 in 200 
individuals and is defined as lifelong gluten intolerance which usually 
responds to gluten withdrawal. The protein gluten is found in wheat, barley 
and rye. Ingestion of the gluten causes villous atrophy of the jejunum and 
subsequent malabsorption. Coeliac disease produces atrophy of the small 
bowel mucosa, which leads to impairment of the digestion and absorption 
of nutrients. The atrophy and subsequent malabsorption of nutrients can be 
corrected by following a gluten-free diet. 

There are two ages of peak incidence, one when the infant is weaned on 
to gluten-containing foods and a second in the third or fourth decade of life. 
Factors such as early gluten exposure and breast feeding pattern are thought 
to be important determinants of the different prevalences of this condition 
throughout the world. 

Pathology 

Coeliac disease usually affects the jejunum, but in some cases lesions may 
extend as far as the distal ileum. Intestinal crypts in affected regions are elon- 
gated and open out on to a flattened mucosal surface where there is villous 
atrophy. These structural changes decrease the amount of epithelial surface 
available for digestion and absorption. 

Clinical features 

Coeliac disease in chldhood is characterized by weight loss or failure to 
thrive, anaemia, lassitude and diarrhoea. It may be accompanied by abdomi- 
nal pain, steatorrhoea, blood loss and dehydration. Adult disease may also 
present with more subtle and variable symptoms such as anaemia, bone dis- 
ease, neurological abnormalities and abnormal liver function. A suspicion 
of coeliac disease may be confirmed by the presence of serum antibodies to 
the main antigens in coeliac disease, such as the wheat glycoprotein gliadin. 
However definitive diagnosis demands a jejunal biopsy confirming total or 
partial villous atrophy 

Aetiology 

Intolerance to gluten is the defining feature of coeliac disease. The major 
protein fractions of gluten are gliadin and glutenin. Genetic factors are now 
known to be important in the pathogenesis of coeliac disease; subjects who 
have human leukocyte antigen (HLA) DQ2 or DQ8 are at increased risk of 
developing the disease. Coeliac disease is associated with other autoimmune 
disorders including type 1 diabetes, thyroid disease and rheumatoid arthritis. 



7 h s  is important because certain cases of coeliac disease may only be diag- 
nosed by the appearance of the other autoimmune condition; in addition many 
believe that a gluten-free diet improves the control of the associated disease, 

Nutritional deficiencies 

As a result of damage to the gastrointestinal mucosa the production of diges- 
tive enzymes is impaired with an associated reduction in digestive capacity. 
Additionally, secondary to intestinal villous atrophy there may be a sipficant 
reduction of mucosal surface area causing malabsorption of macro- and micro- 
nutrients and associated nutritional deficiencies. Iron deficiency anaemia is 
common and in cases where there is prolonged severe diarrhoea, deficiencies of 
sodium and potassium may develop. When malabsorption is severe enough to 
cause steatorrhoea there may be impaired absorption of calcium and fat-soluble 
vitamins. Calcium absorption may also be compromised by defective calcium 
'kransport, and low bone mineral density and osteoporosis are common chronic 
features of the disease. Low serum folate concentrations are common and 
may be accompanied by elevated plasma homocysteine. BI2 deficiency may 
develop secondary to folate deficiency or if the distal ileal mucosa is affected. 
Improvements in nutritional status are generally seen in response to a gluten- 
free diet but in some cases nutritional intervention may be necessary. 

Treatment 

Patients typically respond well to exclusion of gluten from the diet, which 
requires the strict exclusion of wheat, barley, rye and oats. However, gluten 
is often a component of processed foods and this may not always be evi- 
dent from the list of ingredients. The British Society of Gastroenterology and 
Coeliac UK suggest that patients with coeliac disease should, in addition to 
following a gluten-free diet, be advised to consume 1500mg of calcium per 
day to reduce the risk of osteoporosis. 

Complications of undiagnosed coeliac disease or failure to comply with 
dietary exclusion of gluten increases risk of intestinal lymphoma, carcinoma 
of the oesophagus or colon, osteoporosis and general malnutrition. 

Inflammatory bowel disease 

Inflammatory bowel disease comprises Crohn's disease (CD), and ulcera- 
tive colitis (UC). Both are chronic inflammatory disorders with similar clini- 
cal features, but whereas CD may occur anywhere in the gastrointestinal 
tract UC is confined to the colon. Both diseases occur predominantly in the 
northern hemisphere, throughout North America and Northern Europe. CD 
tends to present in adolescence or during the third decade whlst UC occurs 
around the fourth to fifth decade. There is a second peak for both conditions 
around the eighth decade. 

Crohn's disease 

Crohn's disease is a chronic inflammatory disorder of the alimentary tract, 
characterized by episodes of relapse and remission. It most commonly affects 



the terminal ileum and colon. Ulceration of the mi~cosal wall with oedema 
xnd inflammation of the 'Dovie1 in between give the _mucosal surface the cob- 
blestone appearance that is typical of this disease, If the condition becomes 
well established the bowel wall may thicken and the lumen narrow, predis- 
posing the individual to strictures and intestinal obstruction. 

Clinical features 

The main presenting symptoms of Crohn's disease in adults are abdominal 
pain, diarrhoea and weight loss and in chldren, fever and lethargy and failure 
to thrive. Biochemical characteristics include raised inflammatory markers such 
as C reactive protein or other acute phase proteins and a raised platelet count. 
Patients become anaemic and plasma albumin concentrations may be reduced. 

Aetiology 

The aetiology of Crohn's disease is not well understood but genetic and envi- 
ronmental factors are likely to be important. Individuals who have a first- 
degree relative with Crohn's disease have a 2-3X increased risk of developing 
the disease compared with the rest of the population. Certain dietary patterns, 
smolung and the use of the contraceptive pill have all been h k e d  with the 
development of Crohn's disease. A number of dietary factors have been inves- 
tigated as potential determinants of risk for Crohn's disease but the quality of 
the studies has been generally poor and the results inconclusive. For example, 
some studies have reported that patients with Crohn's disease consume greater 
quantities of refined sugar foods than controls, but low sugar diets have not 
been shown to modulate disease activity. Epidemiologcal data from Japan 
show that increased incidence of Crohn's disease tracks with an increased fat 
consumption, as well as an increase in the ratio of n-6 to n-3 fatty acids in the 
national diet, suggesting a role for fat in the aetiology of this condition. 

Nutritional deficiencies 

Nutritional deficiency is a common complication of Crohn's disease. Because 
of its relapsing and remitting nature, deficiency states may develop insidi- 
ously over a number of years, remaining undetected until they are multiple 
and severe. Much of the evidence suggests that poor dietary intake is not the 
major cause of deficiencies, but rather that the pathophysiology of the disease 
and the use of certain medications compromise nutritional status. For exam- 
ple, the absorptive area of the small intestine may be considerably reduced 
as a result of inflammation or following surgery. Iron deficiency anaemia 
is a frequent complication in Crohn's disease and may develop secondary 
to gastrointestinal blood loss and small bowel malabsorption or resection. 
Extensive intestinal ulceration leads to loss of albumin and iron as a result 
of leakage of blood and plasma from inflamed mucosa. A fistula in the 
gastrointestinal tract may cause a short circuit, reducing the length of tract 
available for digestion and absorption. 

Damage to the ileum can specifically reduce the absorption of vitamin BI2 
and damage or loss of the terminal ileum will impair reabsorption of bile 



salts, which can lead to malabsorption of fat-soluble vitamins. Other factors 
may contribute to a deterioration in fat-soluble vitamin status, including 
the use of antibiotics, which interfere with the profile of intestinal flora and 
reduce the availability of vitamin K from bacterial production. The inflam- 
matory condition can elicit a fall in the production of retinol binding protein, 
which is a negative acute phase protein, and this compromises transport of 
retinol from the liver into the plasma. 

Corticosteroids are commonly used in the treatment of active Crohn's dis- 
ease; the use of whch  can reduce calcium absorption and increase its urinary 
excretion. This is thought to be the main cause of poor bone mineral density 
in these patients. The use of sulphasalazine causes competitive inhibition of 
folate absorption and the use of cholestyramine impairs absorption of nutri- 
ents through binding in the gastrointestinal tract. 

Inflammation leads to increased production of cytokines, eicosanoids, 
catecholamines and glucocorticoids which give rise to a catabolic response, 
protein breakdown and negative nitrogen balance. This is a reason for the 
apparent increase in protein requirements in patients with Crohn's disease. 

Even though the disease process itself has such an important effect on 
nutritional status in patients with Crohn's disease, many patients eat inad- 
equately because they develop anorexia or sitophobia (fear that eating may 
produce symptoms). Changes in taste may be caused by deficiency of trace 
elements such as zinc, copper and nickel or as a result of drug therapy. 
Strictures may cause abdominal pain and vomiting. 

Dietary treatment 

Dietary therapy has proved valuable in the treatment of patients with 
Crohn's disease, either as a primary treatment for the condition or for the 
correction of associated nutritional deficiencies. 

The first stage of dietary therapy involves the use of enteral feeding to 
achieve remission, whilst the second stage involves the maintenance of 
remission. Enteral feeds include elemental diets, which are liquid mixtures 
of essential and non-essential amino acids, glucose, lipid, vitamins, miner- 
als and trace elements; semi-elemental diets, which are peptide-based; and 
polymeric diets, which include whole proteins. All types of enteral feeds can 
be effective in producing remission in patients with Crohn's disease, with 
evidence of a reduction in pro-inflammatory cytokines. Once remission is 
achieved there are a number of methods used in clinical practice to ensure 
against further relapse. Different centres have developed specific mainte- 
nance diets for Crohn's disease patients, including the low-fibre, fat-limited 
exclusion diet (LOFFLEX) developed by the gastroenterology research unit 
at Addenbrooke's Hospital, Cambridge, but there is little evidence that any 
of these diets offers particular advantages. 

Ulcerative colitis 

Ulcerative colitis is an inflammatory disease that affects the mucosa of the 
colon starting from the anus and extending proximally but which, unlike 
Crohn's disease, does not affect the small intestine. 



Zlinjcol features 

The characteristic symptoms of UC are diarrhoea and rectal bleeding with 'the 
passage of mucus. The  colonic mucosa in UC is inflamed and swollen with 
an increased blood flow in more severe cases ulceration arises. Ulcers are ini- 
tially small and discrete but may coalesce and enlarge, extending more deeply 
in to the lamina propria. Long-term UC carries a markedly increased risk of 
developing colon cancer probably as a consequence of chronic inflammation. 

Blood loss may lead to anaemia and hypoalbuminaemia, which may be 
severe enough to cause peripheral oedema. Abdominal pain is common and 
is usually worse after meals. Anorexia leads to weight loss. Severe diarrhoea 
may cause loss of water and electrolytes leading to dehydration, hypomag- 
nesaemia and hypocalcaemia. 

Aetiology 

The cause of UC is not known. Although its onset often appears to follow 
gastroenteritis no specific pathogen has yet been discovered. In contrast to 
normal individuals, the bacterial flora of the colon in patients with UC is 
highly unstable and can vary considerably over short periods of time. It has 
been suggested that mucosal inflammation arises from an immune reaction 
to the resident colonic microflora. 

It has also been suggested that butyrate, which is a product of bacterial fer- 
mentation in the colon and which is the primary fuel for colonocytes, is taken 
up into colonocytes less efficiently in patients with UC. This could be due to 
increased concentrations of hydrogen sulphide and mercaptides, products of 
bacterial fermentation, and which are present in higher concentrations in the 
large bowel of patients with UC. However, there is no evidence that the admin- 
istration of butyrate by enemas leads to an improvement of symptoms in UC. 

As in Crohn's disease there is a strong familial tendency but so far no spe- 
cific gene has been identified that increases susceptibility to UC. 

Treatment 

The pharmacological treatment of UC is similar to that of CD with corticoster- 
oids being the cornerstone of management. Drugs releasing 5-aminosalicylic 
acid are very helpful and patients who become steroid dependent or resistant 
may require immunosuppressive agents such as azathioprine. 

Unlike Crohn's disease patients, dietary intervention is not used as 
primary therapy. Enteral feeds may be used to improve nutritional sta- 
tus but unlike Crohn's disease they do not reduce colonic inflammation. 
Supplementation with omega 3 or omega 6 fatty acids in the hope of reduc- 
ing inflammation has not proved successful. 

Irritable bowel syndrome 

The most frequently encountered disorder of the gastrointestinal tract is irri- 
table bowel syndrome (IBS) wluch, in the western world, accounts for up 
to 50% of referrals to gastroenterologsts. Prevalence is estimated at being 



between 10 and 15%. It 1s more llkely to occur ix women than men (21) and 
is not age dependent. 

Pathelogy and dinical features 

Patients typically present with a history of abdominal pain accompanied 
by a change in bowel habit, which may be diarrhoea or constipation. Other 
symptoms include flatulence, bloating, a feeling of incomplete evacuation, 
urgency, straining and mucus. No abnormality however can be found to 
account for these symptoms after radiology and endoscopy of the gastroin- 
testinal tract and standard haematological and biochemical screening. Stool 
culture reveals no pathogens. The diagnosis therefore is by negative exclu- 
sion of other pathology. 

Aetiology 

Despite its high prevalence in Western countries IBS is the least well under- 
stood of all gastrointestinal conditions. Treatment is often ineffective and 
symptoms may continue for years. Many patients seek treatment from homeo- 
paths and alternative practitioners. Confusion about IBS is compounded 
because it is not a single discrete entity but a syndrome made up  of several 
quite separate conditions that may produce abdominal pain with or with- 
out a change in bowel habit. The lack of pathological findings has led many 
authorities to believe IBS is primarily a psychological condition. Early stud- 
ies suggested that IBS might be the result of insufficient intake of dietary 
fibre, and associated long GI transit times. However there appears to be 
little discernible difference in the fibre intake of healthy individuals and IBS 
sufferers and there is little evidence that an increased intake of fibre allevi- 
ates the symptoms of IBS. Fibre supplements are now generally reserved for 
cases when IBS is associated with constipation. 

The gastrointestinal tract is continuously exposed to a wide range of for- 
eign bacteria, chemicals and foods, many of which have the capability of 
acting as antigens and p r o v o h g  immune responses. The gastrointestinal 
immune system is major factor in the defence of the organism against these 
agents. Some foods evoke an allergic reaction in susceptible individuals, and 
this is the basis of food allergy but no evidence of classical food allergy has 
been demonstrated in IBS. In contrast to classical IgE-mediated allergy, where 
small quantities of allergens provoke symptoms of pain, diarrhoea and vomit- 
ing within an hour, food reactions in patients with IBS are provoked by much 
larger quantities of food and may take several hours or days to begin. This has 
prompted a search for non-immune mechanisms of food intolerance. Some 
beverages, such as coffee, tea and wines, may provoke symptoms because of 
constituent chemicals such as caffeine and ethanol. However, this is not true 
for the majority of food intolerances in patients with IBS and it has been sug- 
gested that abnormal colonic fermentation may underlie their reactions. 

Prospective studies have shown that the development of IBS is much 
more likely after bacterial gastroenteritis or a course of antibiotics. These 
events may damage the colonic flora and lead to abnormal fermentation of 
food residues entering the caecum. 



Nutrient deficiencies may develop as a result of the exclusion of foods or food 
groups from the diets of patients with 13s. For example, low intakes of cal- 
cium and vitamin D are reported in patients who exclude dairy products from 
their diets. A h g h  fibre diet is used in the treatment of IBS patients presenting 
with constipation. A diet with low fibre content can reduce gas production 
and symptoms in patients that present with diarrhoea, bloating urgency and 
pain. In some patients a low fibre diet is supplemented with a synthetic, non- 
fermentable fibre, and this provides a diet that can increase stool bulk, and 
thereby reduce the risk of developing constipation, without the side effects of 
excess fermentation often experienced with a hgh-fibre diet. 

Exclusion diets may be used for the treatment of patients with IBS who 
present with symptoms of food intolerance. A core exclusion diet is followed 
for a period of two weeks, and individual foods may be reintroduced every 
two days. Foods that do not trigger symptoms can be incorporated back 
into the diet. Approximately 25% of Europeans with symptoms of IBS test 
positive for lactose intolerance but not all patients with lactose intolerance 
respond to a low lactose diet, probably because these patients are intoler- 
ant to other constituents of cow's milk. As diets are always restrictive and 
difficult to follow, there is interest in the possibility of improving symptoms 
in IBS by manipulating the gastrointestinal flora with the use of probiotics. 
Probiotics are normally live bacteria, which have been found to be beneficial 
to the host by affecting the microbial balance. Although some patients have 
reported benefit, at present the evidence for a beneficial role for probiotic 
bacteria in the treatment of IBS is limited. 

10.4 FOOD ALLERGIES AND FOOD INTOLERANCE 

Introduction 

Adverse reactions to ingested food cause a wide variety of symptoms, syn- 
dromes and diseases for which the general descriptive terms 'sensitivity', 
'allergy' and 'intolerance' are often used. 

The termsfood intolerance andfood sensitivity are used in a general way for 
all reproducible, unpleasant reactions to a specific food or food ingredient, 
which are not psychologically based. The reaction may have a clearly defined 
metabolic, pharmacological or immunopathological basis, or may have no 
known mechanism. The provoking agent may be a single food or ingredient, 
but sometimes - particularly in IgE-mediated food allergy - many different 
foods are involved. 

In food allergy there is reproducible food intolerance, evidence of an abnor- 
mal immunological reaction to the food and a plausible mechanism impli- 
cating an immunological process. A careful history and often a double-blind 
placebo-controlled food challenge are necessary to confirm or refute the diag- 
nosis of a food allergic reaction. 

Psychologically-based food aversions comprise both psychological avoidance, 
when the subject avoids food for psychological reasons, and psychological 
intolerance, which is an unpleasant bodily reaction caused not directly by 
the food but by emotions associated with the food. Psychological intolerance 
normally does not occur when the food is given in an unrecognizable form. 



Diagnostic approaches 
Elimination diets and challenge studies 

The relationships between exposure to certain foods ancl patient symptoms 
can be examined through the use of elimination diets and provocation tests. 
The most robust approach involves double-blind placebo-controlled food 
challenges, using objective measures of response. These might include meas- 
ures of respiratory function, intestinal permeability tests, and the extent and 
severity of skin rashes. The effects of eliminating specific foods from a diet 
can be tested systematically with such objective tests. The most common 
foods eliciting a reaction are cow's milk, egg, wheat, peanuts and tree nuts, 
soy, and less often, fish and shellfish. 

Laboratory tests for the diagnosis of food intolerance 

A number of tests are available to aid in the diagnosis of food intolerance. 
These involve exposing the individual to selected antigens and examining 
the short term response, qualitatively and quantitatively. For example: 

Skin prick tests: A skin prick test involves the placing of a small amount of 
a suspected allergen on the skin and introducing it into the epidermis by 
gently pricking the skin surface. A positive reaction is manifested as the 
development of a wheal, the diameter of which can be measured to grade 
the reaction. A positive test can confirm that the patient is atopic. 
Atopy patch test (APT): Atopic eczema in Infancy and childhood is often 
caused or aggravated by common food allergens such as milk, egg and 
wheat. The APT test involves the application of suspected allergens to the 
patient's back under a dressing that is allowed to remain in contact with 
the slun for 48 hours. The area is then visually examined for reddening. 
Endoscopic studies and intestinal biopsy: This procedure is often used in 
patients with a variety of slow-onset gastrointestinal symptoms, such 
as frequent loose stools or features of unexplained iron deficiency, 
osteoporosis, weight loss, slow gain in height, and other features of 
malnutrition. It requires the collection and examination of a small piece 
of the intestinal lining. 

Presenting features of food intolerance and food allergies 

A wide range of conditions in childhood have been associated with food 
allergies and intolerance including eczema, wheeze, mood changes, epi- 
lepsy, failure to thrive, diarrhoea, vomiting and gastrointestinal blood loss. 
Prevalence estimates for adverse reactions to foods range from 3-7.5% in 
childhood. The prevalence of food intolerance in adults seems to be lower, 
but many adults with food allergic reactions have a history of adverse reac- 
tions to foods in childhood. Many of the symptoms reported in children are 
reported in adults, but additionally, there is evidence to suggest that migraine 
in adults might be linked with food intolerance. Some food-provoked 
symptoms in adults are gastrointestinal in origin. They include nausea, 
bloating, abdominal pain, constipation and diarrhoea. These features are 
similar to those of the irritable bowel syndrome. The symptoms may arise 
either because of abnormal motility or because an individual has a lower 



pain threshold to sensations accompanying normal contraction or distension 
of the gut. Many people who avoid specific foods and have an unsubstanti- 
ated self-diagnosis of food allergy suffer from the irritable bowel syndrome. 

Approaches to dietary treatment 

Syrnptoms and clinical features may conform to well-recognized phenomena 
or to a disease associated with a specific food. This will be suspected from 
the patient's history and confirmed by a small number of tests. Examples 
include asthma and rhinitis associated with salicylate intolerance; flatus and 
diarrhoea induced by sugar alcohols such as sorbitol; an increase in milk con- 
sumption unmasking a disease presenting in an anaemic child with failure to 
thrive and a positive family history. In other patients, food intolerance will 
form part of a wider differential diagnosis. Dietary treatment typically takes 
the form of elimination of the relevant foods, if they can be identified. 

Example of food allergy: milk 

Cows' milk is taken as an example of a food that can evoke different reactions, 
with different underlying mechanisms. Antibodies to cow's milk proteins are 
found in the sera of most children and about 10-20% of healthy adults. There 
is, however, a wide spectrum of adverse responses to the consumption of 
cow's milk in cluldhood, both in terms of the symptoms and the timing of 
their appearance, which might be immediate or take over 24 hours to appear. 

Afopic eczema: Eczema can occur in exclusively breastfed infants, and this 
can be due to the transfer of absorbed food antigens from the mother's 
diet to her milk. Food intolerance and enhanced immune responsiveness 
to foods are also features of atopic eczema in adults but the antigens 
concerned are usually fish, shellfish, eggs, peanuts and tree nuts and 
milk sensitivity does not seem to be important. 
Cozv's milk infolerance zuith malabsorption syndrome: The classical milk- 
induced malabsorption syndrome with a flattened intestinal mucosa 
and failure to thrive seems to be on the decline. Infants and children are 
more likely to suffer from vomiting, diarrhoea, eczema, urticaria and 
angioedema, recurrent otitis and constipation. 
Cow's-milk-sensitive colitis: Typically, an infant with food-sensitive colitis 
presents before the age of 1 year, with loose stools containing mucus and 
blood. An elimination diet and clinical monitoring with rectal biopsy 
shows a pattern of improvement similar to that seen clinically. These 
infants respond well to elimination of the cow's milk from their diet or 
from the mother's diet if they are still breastfed. Most children can tolerate 
cows' milk by the age of 2-3 years. 

Treatment of milk allergy 

The treatment of cow's-milk-induced allergic systems is the complete elimina- 
tion of milk and of milk-derived products. Extensively hydrolysed d a n t  for- 
mulae are tolerated by a high proportion of infants who suffer from the less 
severe form but amino acid based formulae are used in more severe cases. 



Lactose intolerance 

Lactose is a disaccharide which is exclusively present in milk and milk prod- 
ucts, where it is the main sugar. It is a major source of energy Fn the young 
infant. Lactose is hydrolysed in the small intestine by a lactase to give glu- 
cose and galactose. Galactose is then rapidly converted into glucose in the 
liver. Lactase activity naturally falls from levels in infancy to adult levels 
between the ages of 3 and 5 years in 75% of the world's population, while 
25% of the population, mainly in the Far East, appears to maintain infant lev- 
els of lactase in adulthood. 

Adverse reactions to the ingestion of lactose in a lactase-deficient person 
include nausea, bloating, abdominal pain and diarrhoea. The post-weaning 
drop in intestinal lactase activity may occur as early as 2 years in some 
races, or at 5 years in Caucasians, so that schoolchildren occasionally may 
be intolerant of lactose. Since lactose malabsorption may be the norm in 
some ethnic groups, lactose malabsorption and even lactose intolerance will 
often coexist with other diseases. As with other states of food intolerance, 
the strict diagnosis of lactose intolerance relies on objective measurements of 
the clinical effects of the withdrawal and reintroduction of lactose. The only 
effective treatment of lactose intolerance is a diet with low lactose content. 
Foodstuffs high in lactose, such as fresh milk, powdered milk and milk pud- 
dings, should be avoided but most lactose-intolerant patients can tolerate 
about log of fermented milk products such as yoghurt, in which the lactose 
content has been reduced. Lactose-reduced milk and milk products are com- 
mercially available. 
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CHAPTER % 1 

Diet and Genotype 
Interactions: Nutritional 
Genomics 

By the end of this chapter you should be able to: 

describe the process of gene expression 
explain how diet can modulate gene expression and how genotype 
may influence nutrient requirements 
discuss the importance of diet-gene interactions in determining 
disease risk 

1 1 . 1  INTRODUCTION ::$!,i+, . ._ .: 
.:s ~?.''L :' 

Early studies of nutrient requirements typically sought to characterize 
the biochemical and clinical effects of nutrient depletion and repletion. 
More recently the focus has shifted towards an understanding of nutri- 
ent intake profiles associated with optimum health. What is clear is that 
individuals respond differently to the same intake of specific nutrients 
and that what constitutes adequacy in one person may be inadequate in 
another. Additionally, dietary intake profiles considered to increase risk of 
chronic disease are associated with different levels of risk in different indi- 
viduals. Genetic factors are central to these inter-individual differences. 
Developments in molecular biology techniques have led to great progress 
in our understanding of the role of genetic constitution (genotype) in deter- 
mining individual responses to food. They have also helped us to under- 
stand how nutrients affect the way in which the information in genes is used 
to produce specific proteins, in other words how the genes are expressed 
(phenotype). The term nutritional genomics is used to describe the study of 
nutrient-gene interactions. 



1 1.2 A MOLECULAR APPROACH TO UNDERSTANDING 
NUTRIENT-GENE INTERACTIONS 

The principles of gene expression 

The information necessary for the synthesis of every individual protein in an 
organism is encoded by genes along the length of DNA. Large numbers of 
different genes are linked together and assembled to form chromosomes, the 
number of which varies from species to species. There are 46 chromosomes in 
humans and it has been estimated that there are about 25,000 human genes. 

In order to understand the way in which proteins can be encoded by DNA 
it may be useful to refer again to the structure of DNA and RNA, described 
in section 4.4, under Protein synthesis. Briefly, DNA is a double helical struc- 
ture of two polymers of nucleotides, each comprising a sugar, a phosphate 
and one of four bases (adenine, guanine, cytosine and thymine). The order 
of bases in a length of DNA codes for the order of amino acids to be incor- 
porated into a protein. This code (the genetic code) is read in groups of three 
bases (codons). In RNA the sugar is ribose, rather than deoxyribose, and RNA 
contains the base uracil instead of the thymine in DNA. In the cell nucleus 
the synthesis of a particular protein is directed by the sequence of bases on a 
specific region of DNA which acts as a template to transcribe the sequence of 
bases into a complementary strand of messenger RNA (mRNA). This is pos- 
sible because pairs of bases can form specific bonds with one another, namely 
adenine with thymine and cytosine with guanine (Fig 11.1). Transcription 
produces a molecule of mRNA, which is transferred from the nucleus to the 
cytoplasm. The Information in the mRNA is then translated (used to specify 
the sequence of amino acids) into a polypeptide, a process that takes place on 
ribosomes. Once the polypeptide chain of a protein has been synthesized it 
will fold into its three-dimensional structure and may undergo further post- 
translational modifications to the fully functional protein (Fig 11.2). 

Regulation of gene expression 

Regulation of gene expression by nutrients and other factors can, in princi- 
ple, occur at any level from the initial transcription of genomic DNA through 
to the final modifications of the finished protein product. 

Figure I I. I Coding of rnRNA from D N A  and complementarity of cDNA, or oligonucleotide, 
probes in the detection of rnRNAs. 



Eonscriptjonal and post-transcriptional regulation 

The primary control of gene regulation occurs at transcription by acting on 
the regulatory promoter region of the gene, The promoter consists of short 
lengths of bases (motifs) in the gene, which are recognized by specific pro- 
teins called transcription factors, defined as proteins that are required to ini- 
tiate or regulate transcription. These transcription factors bind to the DNA 
and exert their influence on transcriptional activity. Nutrients can either have 
a direct influence on the transcription factors by acting as ligands, or indi- 
rectly by influencing the expression of other transcription factors, which in 
turn bind to the target gene promoter. 

Retinol (vitamin A) provides a good example of how a nutrient can influ- 
ence transcription. Once in its target cell, retinol is converted to isoforms of 
retinoic acid which are transferred to the nucleus and act as ligands for the 
transcription factors, retinoic acid receptor (RAR) and retinoic X receptor 
(RXR). These transcription factors bind to a part of DNA called the retinoic 
acid response element (RARE), found in a number of genes, and thereby 
increase transcription of these genes (see chapter 5, section 5.3). 

Post-transcriptional regulation is evident where changes in the cytoplas- 
mic levels of mRNA are observed without any corresponding changes in the 
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Figure I I .2 ( I )  Synthesis of single-stranded messenger RNA (mRNA). (2) Movement of mRNA 

into cytoplasm, binding t o  ribosome. (3) Transfer RNA (tRNA) molecules carry specific amino acids 
t o  the ribosome, in an order determined by the codon sequence on mRNA. (4) Polypeptide chain is 
released from the ribosome, and may undergo chemical modification. 



ranscription rates. This can occui. at any one of a number of levels, includ- 
ing RINA synthesis, rnrnbL.4 transport into the cytoplasm and mNVA stability 
One example of post-transcriptional regulation of a gene by a nutrient is the 
effect of iron on transferrin receptor expression, When intracellular iron lev- 
els are low, iron regulatory proteins are increased (up-regulated) and bind to 
the mRNA of the transferrin receptor, thereby increasing stability, and more 
protein is synthesized. 

Translational and post-translational regulation 

The process of translation from mRNA to protein can also be influenced by 
various factors. For example, translation of the iron storage protein, ferritin, 
is inhibited when iron status is low; the converse is true when iron status 
is high. Once released from the ribosome, a developing protein can undergo 
further chemical modifications such as phosphorylation, which will result in 
changes in the biological function or activity of the protein. This is termed 
post-translational regulation. 

1 1.3 METHODS A N D  TOOLS USED TO STUDY 
V) 

I' 
NUTRIENT-GENE INTERACTIONS z 

Measurement of gene expression 

All genes are present in the nucleus of each cell of the body but cellular func- 
tion is determined by which of these genes are active and there are distinct 
tissue and cell specific gene expression patterns. For example, the insu- 
lin gene is expressed in the P-cells of the pancreas and not in adipocytes or 
hepatocytes. Similarly, the pattern of genes expressed changes during devel- 
opment, and in response to environmental stress as well as to diet and to 
other stimuli. 

Expression of a gene is measured by the detection and measurement of the 
corresponding mRNA. Tissues or cells may therefore be screened to assess 
whether a particular gene is expressed, or is being expressed at a particular 
point in time and which factors influence the expression of that gene. 

Three main techniques are available for detecting mRNAs: northern 
blotting, the ribonuclease protection assay and the reverse transcription 
polymerase chain reaction (RT-PCR). In northern blotting, RNA extracted 
from a tissue is separated on the basis of molecular size by electrophoresis 
on gels and the mRNA of interest identified using a specific probe (piece of 
DNA or RNA corresponding to the gene of interest labelled radioactively or 
with other detectable molecule that will bind to the DNA or RNA and allow 
detection). In the ribonuclease (RNase) protection assay, extracted RNA is 
incubated with a probe targeted to the specific mRNA and the enzyme ribo- 
nuclease A. When the probe is bound to the target mRNA the duplex cannot 
be digested by the enzyme, and can be detected following gel electrophore- 
sis. RT-PCR is the most sensitive of these methods. It uses a complementary 
DNA (cDNA) sequence specific to the mRNA of interest and the polymerase 
chain reaction (system for in vitro amplification of DNA) is then used to produce 



multiple DNA copies of the original rnXIYA. The PCX product is separated 
and identified by electrophoresis. 

The expression of a very large number mi' genes simultaneously can be 
assessed using DNA microarrays, in which thousands of m m A s  can be 
detected at the same time using labelled probes to specific mRNAs. 

Proteomics 

Although the study of genomics (study of the entire genome or genetic com- 
position) is hugely informative in that it tells us what the potential is for pro- 
tein synthesis in a cell, it does not tell us what proteins are actually present. 
Proteomics (study of the proteins produced) allows specific patterns of gene 
expression to be measured at the protein level. The proteome (PROTein com- 
plement expressed by a genOMEi is normally defined as all the proteins that 
are present in a particular cell/tissue/organism at a particular time. In pro- 
teomics, proteins extracted from tissue samples or from cells are separated 
by gel electrophoresis carried out in two dimensions and localized by stain- 
ing and image analysis. Individual protein species can then be identified by 
mass spectrometry. 

Transgenics 

The term transgenics describes the integration of a gene from one species 
into the genomic DNA of another organism. This technology can provide 
important information about the effects of a specific gene on the metabolism 
and the phenotype of an organism. Techniques are also available to allow us 
to determine the effects of deletion or 'knock-out' of a specific gene on the 
function of a tissue or an organism. 

RNA interference 

Naturally occurring, short stretches of double-stranded RNA molecules 
are capable of regulating the expression of many genes within a cell and 
are involved in fundamental processes such as growth and development. 
Synthetic RNA molecules can be designed for specific genes to study the 
effects of preventing the expression of the target gene in a particular cell. 

-. 
l t .4 EFFECTS OF NUTRIENTS ON GENE EXPRESSION 

0 
3 

Nutrient effects on gene expression can be transmitted indirectly via hor- 
mones for example, or directly, as in the effects of retinoic acid on transcrip- 
tion described earlier. The most obvious changes in response to nutritional 
state are those associated with fasting and subsequent refeeding. Thus the 
expression of many genes encoding nutrient transporters and hormones, as 
well as enzymes involved in metabolic pathways, may be altered on fasting 
and refeeding. For example, the expression of leptin and of fatty acid syn- 
thase is suppressed on fasting and reactivated on refeeding. In addition, par- 
ticular nutrients such as carbohydrates and lipids may have specific effects. 



?nus sv~itching from a high carbohydrate to a high fat diet leads to the sup- 
pression of genes encoding proteins associalecl with fatty acid synthesis 
while the expression of genes involved in gluconeogenesis is activated (see 
chapter 4). 

The mammalian intestine undergoes major adjustments during its devel- 
opment, particularly at weaning, when the high protein milk diet of rela- 
tively constant composition is replaced by a diet of variable composition. 
Individual nutrients influence the expression of the genes encoding digestive 
enzymes and specific transporters. For example, monosaccharides such as 
glucose and fructose increase the number of transporter molecules present in 
the brush border membrane of gastrointestinal mucosal cells in order to opti- 
mize absorption when these nutrients are introduced into the diet. 

In recent years, evidence has accumulated to support a link between fetal 
nutritional status and adult morbidity and mortalitv. This is known as the 
'fetal origins' hypothesis which states that inappropriate nutritional status 
in the mother at critical times during fetal development can result in dispro- 
portionate fetal growth, with the programming of the adult onset of several 
diseases including coronary heart disease, type 2 diabetes and hypertension. 
Such a phenomenon implies a long-term programming of gene expression in 
response to fetal nutritional status. 

1 z 
0 1 1.5 POLYMORPHISMS A N D  THEIR EFFECTS ON 

I F 
U 

NUTRIENT METABOLISM 

The most abundant and simplest form of variation in genotype between indi- 
viduals is a result of mutations at individual points along the DNA sequence, 
termed single nucleotide polymorphisms (SNPs, pronounced 'snips'). Some 
polymorphisms do not lead to changes in the amino acid encoded, while 
others do, which means that some SNPs are more likely to influence protein 
function than others. Those that do alter protein function are often associated 
with an inborn error of metabolism, such as phenylketonuria, or glycogen 
storage disease. The consumption of special diets can usually alleviate the 
patient's condition. 

Most common diseases such as diabetes, obesity and cardiovascular dis- 
ease are a consequence of complex interactions between multiple genes and 
environmental/lifestyle factors, particularly diet and physical activity. An 
individual's susceptibility to such diseases is determined in part by their 
exact genetic make-up, specifically their SNP profile. For this reason it can be 
useful to examine associations between SNPs in particular genes, diet, and 
common diseases. 

MTHFR C677T 

One example of a common polymorphism that is thought to interact with 
diet in determining disease risk occurs in the gene expressing the enzyme 
5,lO-methylenetetrahydrofolate reductase (MTHFR). Ths  enzyme is involved 
in generating 5-methyltetrahydrofolate, which is central to the metabolism of 
the amino acid homocysteine. A common SNP referred to as C677T leads to 
a reduced activity of this enzyme and an increase in plasma homocysteine, 



which may be a risk factor for cardiovascular disease. Fur~thermore, people 
who are homozygous for this polymorphism seem to have a lower risk of 
colorectal cancer. importantly, the effects of the polymorphism are observed 
most readily in people who have a low dietary intake of folate. 

Vitamin D receptor (VDR) 

In the form of cholecalciferol, vitamin D exerts its biological activity, prin- 
cipally the maintenance of calcium homeostasis to assist in the growth and 
integrity of bone. To elicit its biological activity it binds to the vitamin D 
receptor, VDR. A number of mutations of the VDR gene have been identified 
whch are associated with loss of function of the receptor and which result in 
hereditary vitamin D-resistant rickets. 

1 1.6 DIET, GENOTYPE A N D  SUSCEPTIBILITY TO 
DISEASE: THE EXAMPLE OF OBESITY 

It is well accepted that interactions between genotype, diet, and other envi- 
ronmental factors are central to disease susceptibility in individuals. Obesity 
is a good example of such a disease and one in which nutritional genomics 
has had some early successes. The immediate environmental determinants 
of obesity include diet and physical activity. Easy access to cheap, palatable, 
high fat 'fast foods' and increasingly sedentary lifestyles are overwhelming 
our genetically determined regulatory mechanisms for energy balance. 

There are several single gene mutations in laboratory animals which lead 
to frank obesity - ob, db, fat, tub and agouti genes in mice, and the fa gene 
in the rat, and these have proved invaluable in obesity research. Studies in 
such animal models have made an important contribution to our under- 
standing of the role of leptin in energy balance regulation. This hormone, 
synthesized predominantly in white adipose tissue, has a central function in 
the control of appetite (which is inhibited) and energy expenditure (which is 
stimulated). Mutations in the leptin gene or in its receptor result in either no 
protein product at all or an abnormally functioning protein, and such effects 
are associated with obesity in animal models or humans. However, polymor- 
ph i sm~ in specific genes or clusters of genes are likely to be of greater import- 
ance to the generality of obesity in the human population. It is also likely 
that dietary factors modulate the effects of specific polymorphisms. 

1 1.7 PERSONALIZED NUTRITION 

Given the fact that interactions between diet and genotype influence nutri- 
ent handling, flux through metabolic pathways, and risk of important dis- 
eases, there is current interest in the possible value of customized dietary 
advice to individuals. The concept is that specific dietary advice would take 
into account genotype and lifestyle and thereby optimize health and mini- 
mize disease risk. It remains to be seen whether this 'personalized nutrition' 
approach can substantially impact on the nation's health. 
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By the end of this section you should be able to: I 
define nutritional epidemiology 
summarize its aims and limitations 
outline the concepts of population, exposure, outcome and 
epidemiological effect 
define validity and repeatability 
interpret results of a study taking into account possible effects of 
bias, chance and confounding, and the question of generalizability 
summarize criteria for assessing evidence of causality 
explain the main features of different epidemiological study 
designs, including their strengths and weaknesses 

Introduction to the science of epidemiology 

Epidemiology is the study of the distribution and causes of disease in popu- 
i lations. It addresses the following type of questions: Why is breast cancer 
I more common in the US than in Japan? Can diets rich in fruit and vegetables 
I 

reduce blood pressure? Do dietary differences explain social gradients in 

I cardiovascular disease mortality? 

! In public health and health promotion, epidemiology is important both to 
! provide knowledge for action and to evaluate the effect of interventions. This 
I chapter describes the basic concepts of epidemiology, important aspects to 

I consider when interpreting results, and the most common study types -with 
examples from nutritional epidemiology. 



Impo&ant concepts in epidemiolow 
The popar8atjoa st risk 

The population of interest for a particular study is called the population at 
risk. It can be defined as world regions, countries or districts, but often by 
specific demographic characteristics such as age and gender, or by very spe- 
cific characteristics such as the children of mothers that used vitamin A sup- 
plements during pregnancy 

The outcome 

In epidemiological studies, the term outcome or endpoint refers to the dis- 
ease or health-related variable being studied. Outcome measures are typ- 
ically either binary or continuous variables. For example if the endpoint of 
interest is death, the outcome variable will be binary with two groups (dead 
and alive), or a population can be divided into diseased versus non-diseased, 
giving cases (dead or diseased) as opposed to controls (alive or non-diseased). 
Many of the important outcomes in nutritional epidemiology are on the 
other hand continuous measures with a continuum of severity rather than an 
'all or none' phenomenon, such as blood pressure or body weight. 

Incidence is defined as the number of new cases appearing in the study popu- 
lation during a specified period of time. If a population of 100,000 people 
saw 190 cancer cases over a period of one year, the cancer incidence would 
be 0.0019 per person year, or 1.9 cancer cases per 1000 person years. 
Prevalence is the proportion of a population that is cases at a given point in 
time. It is a paradox that efforts to improve the survival of those with 
a disease without curing it will increase the prevalence. 

Mortality rates are a special form of incidence rates - the incidence of death - 
and can have different forms: crude mortality rates relate to the population 
as a whole. Mortality rates for specific groups, most commonly by gender 
and age, contribute to a better understanding of death rates. Box 12.1 pro- 
vides definitions of these terms. 

The exposure 

An exposure is any factor suspected to modify the risk of the outcome of 
interest. Exposures include a broad range of factors, from microbiological 
or chemical agents to all kinds of physical, social or psychological variables. 
Common exposures in nutritional epidemiology include nutrients, foods or 
food patterns, and socioeconomic variables. 

Many diseases, such as coronary heart diseases and cancer, have a long 
lag between the onset of the relevant exposure to manifest stages of the dis- 
ease. This is called the latency period. The relevant dietary exposure affecting 
the risk of developing cancer may therefore be 10-20 years before the cancer 
is diagnosed. Without historical data on past exposures, it is sometimes 
assumed that measurements at a later period may serve as reasonable alter- 
natives, and if dietary habits are stable over time present food intakes cer- 
tainly can give some indication of intakes in the past. Recall of past exposures 



Box 12.1 Ecfin~r~ons of inc~dence, prevalence and mortality rarcs 

Incidence = 

Number of new cases 

Total person time at risk 

Prevalence = 

Number of exlstlng cases at one point in tlme 

Population at same place and time 

Crude death rate = 

Number of deaths (defined place and time) 

Mid period population (same place and time) 

Age specific death rate = 

Mid per~od populat~on (age group, same place and time 

Cause-specific death rate = 

Mid period populat~on (same place and time) 

is often problematical and so measurements of current exposures are pre- 
i 

ferred as they are much more amenable to quality control. 
In an experiment where an exposure is assigned to the participants, the 

exposure is often called an intervention. Usually this is hypothesized to be 
a protective factor such as a treatment or a drug as it would be unethical to 
expose participants to suspected harmful factors other than over very short 
periods. 

I Measures of association and effect 

Various statistical methods are used to measure the association between 
exposure and outcome. For example, relative risk (abbreviated RR) is the 
measure of effect most commonly used when both the exposure and the out- 
come are binary variables. This is given by the ratio of risk, or incidence, in 
the exposed group to the risk in the unexposed group. A relative risk of one 
indicates that there is no difference in incidence between the exposed and 

I the unexposed. When the relative risk is higher than one, the exposure 
poses a hazard; while a relative risk lower than one means that the exposure 
is protective. Another commonly used measure is the attributable risk (AR) 
which is the incidence among the exposed minus the incidence among the 
non-exposed. 

The odds ratio (abbreviated OR) is an alternative to relative risk. The term 
odds refers to probability based on a ratio rather than a proportion. An example 
is obesity (the exposure) and gestational diabetes (the outcome). If 50 of 100 



.... .-.. . .... . 

Table 12.1 Calculating r r la i~ve risk ,RR), acrributable risk ,AK, and odds rztio (OR, 
. .  -. .. - ..  - ..... . . . . . - .  ...... - . . .  . ... - 

I 
Cases Nan-cases Total 

Exposed a b a +  b 
Non-exposed c d c + d 
Total a t c  b i d  

RR = Risk ,,,d/Risk ,,,, pa,,ti = [a/(o + bll/fc/(c + djl 

AR = RiskUpoieti - R i ~ k , , , ~ , , , ~  = [o!jo + b/l - [c/(c + 41 
OR = (a/c)!(b!d) = adlbc 

women with gestational diabetes were obese the odds of obesity among the 
diabetics are 50:50 (odds = I), while if 20 of 100 non-diabetics were obese the 
odds of obesity among the non-diabetics are 20:80 (odds = 0.25). The odds 
ratio is calculated by dividing the odds of exposure among the cases by the 
odds of exposure in the non-cases, here: 

The odds of being obese among the women with gestational diabetes are 
therefore four times greater than among the healthy women (see Table 12.1). 

Quality of the measurements 

The foundation of any scientific shtdy is valid and reproducible measure- 
ments. Poorly measured variables, either exposure or outcome, can lead to 
misleading results and incorrect conclusions. Validity is an expression of the 
degree to which a measurement assesses the aspect it is intended to measure. 
The goal for most studies is to generate results that have a wider application 
beyond the study participants, in other words to get results that are geneval- 
izable to the whole population at risk. The generalizability of a study is the 
same as the external validity.  

Interpretation of results 

If an association between exposure and an outcome is observed, this may 
be due to four different reasons: bias, chance, confounding or a true causal 
relationship. 

Bias 

Bias refers to measurement errors or misclassification that lead to results that 
consistently deviate from the truth. There are many sources of bias that fit 
into two broad categories: selection bias and information bias. 

For example a group of people is invited to participate, but only a subset 
is willing to take part. Participants who volunteer to take part in studies are 
likely to be more educated and health conscious than the general population 
and therefore not fully representative of the study population - the results 
may misrepresent the true disease burden. An example of Information bias 
is that obese subjects tend to underestimate their energy intake more than 



non-obese subjects do, m d  so self-reports of diet XI a study of obesity are 
likely to be biased. 

The role of chance 

When is a difference most likely to be caused by chance? Chance cannot be 
eliminated, but statistics provide measures to quantify the element of chance 
and account for the uncertainty in the results of a study, such as hypothesis 
testing, significance testing and confidence interval. 

Confounding 

A confounder is any factor that can cause or prevent the outcome of interest 
and at the same time is associated with the exposure in a way that distorts the 
observed exposure-outcome association. For example, the relationsl-up between 
bladder cancer and coffee drlnking can be due to another risk factor for h s  type 
of cancer that is also associated with coffee intake. Smokers are more likely to be 
heavy coffee drinkers and if smoking was the real risk factor for bladder cancer, 
it is called a confounder, producing spurious effects or hiding real ones. 

Confounding can often be adjusted for. In the example above, the data 
could be analysed separately for smokers and non-smokers. 

Causality 

Smoking as a risk factor for lung cancer produces one of the strongest rela- 
tive risks demonstrated for any lifestyle disease, although causation can 
rarely be proven without doubt. Epidemiology has to be considered together 
with other types of evidence, such as laboratory-based studies. A set of crite- 
ria proposed by Sir Austin Bradford Hill is often used to judge whether one 
or a series of studies strongly suggests a causal association between a risk 
factor or intervention and an outcome. These are: 

Strength of the association 
Consistency of studies 
Specificity (ie one particular exposure always should lead to a specific 
disease but this criterion is probably less relevant as many diseases have 
multiple causes and some factors contribute to more than one condition) 
Temporal sequence ofcause and effect 
Biological gradient (where the risk increases or decreases progressively 
with higher exposure) 
Biological plausibility and coherence 
Experiment (veversibility) (when reducing a factor that increases the 
disease risk gives a corresponding drop in disease risk) 

Epidemiological studies have contributed considerably to present scientific 
understanding of the relationships between dietary habits, social factors 
(including cultural and psychological determinants), and health. The failure 
to demonstrate associations between diet and disease may in many instances 
be due to the imprecision of the measures of diet rather than to the absence 
of an association. 
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Figure 12.1 A schematic overview of epidemiological study designs and their main 
characteristics. 

Epidemiological study designs 

Figure 12.1 gives a schematic overview of the main study designs. Study 
designs differ according to whether the researchers observe natural processes 
(observational studies) or are attempting to influence the exposure (experi- 
mental studies), and according to the time order of collecting information in 
exposure and outcome, either at the same time or with a time difference. 

Observational study designs 

These include: 

Ecological studies in which the exposure and outcome measures are matched at 
a group or population level instead of at the individual level, either between 
populations or in the same population compared over time. 
Cross-sectional studies in which both the outcome and exposure status are 
determined simultaneously, and so it is impossible to distinguish if one 



appeared before the other. For example if it is found that people with h g h  
blood cholesterol eat more low fat foods than the general population, this 
may be due to a dietary change following diagnosis. 

8 Case-confrol studies in which patients that have developed a specific dis- 
ease or condition (the cases) are compared with healthy controls who are 
representative of the population these cases come from (the controls). 
Cohort studies in which a group of people is followed over time to record 
which individuals develop the outcome of interest, usually a disease or a 
cause-specific death. 

Experimental study designs 

Randomized controlled trials assess the effects of an intervention or treat- 
ment by comparing it with an established treatment or placebo (inactive 
treatment). 
Communi ty  intervention studies with interventions designed to promote 
health at the community level, using mass media, supermarkets, 
workplaces or other settings believed to offer cost-effective means of 
influencing population behaviour. Such intervention studies may involve 
a control group, or consist of an uncontrolled before-and-after design. 

Systematic reviews 

With the ever-increasing flow of newly published articles, gathering and evalu- 
ating the evidence is a massive task for any researcher, not to mention health 
practitioners. Systematic reviews summarize the results of similar studies. 
Meta-analysis is a sub-category of systematic reviews. Results from several 
independent studies are combined and analysed. When meta-analyses are 
well conducted, they provide an unbiased and more precise estimate of the 
effect of interest. The Cochrane Collaboration (http://www.cochrane.org/) 
was founded in 1993 with an aim 'to help people make well-informed deci- 
sions about health care by preparing, maintaining and ensuring accessibility 
to systematic reviews'. The main emphasis of the Cochrane Collaboration is 
on the effects of health care interventions. 

Nutritional epidemiology 

Epidemiology has expanded from its early focus on infectious diseases into 
the aetiology of chronic diseases, wlvch are characterized by low incidence, 

I 
long latency periods and multiple causes. Although dietary aspects are very 

I relevant exposures to consider for chronic diseases, there are two groups of 
challenges that are particularly important in nutritional epidemiology: 

I 

i the complex nature of diet as exposure 
I the difficulties in measuring this exposure. 
I 
1 

Diet is not a simple behavioural variable such as smoking, but a series of var- 
1 
! iables, including nutrients, non-nutrients, single food items and food groups. 
! Recently, increased attention has also been given to physical characteristics 

of a food, meal composition and food patterns, just adding to this list of 



exposure variables to consider, Dietary variables are also very challenging 
to anaiyse because these are strongly correlated; for instance, persons ~with a 
high intake of vitamin C often also have high intakes of fibre, @-carotene and 
other antioxidants. This is because foods rich in one nutrient may be rich in 
other nutrients. 

Dietary determinants of disease are often risk factors; they increase the 
probability that a particular disease or malign condition will develop. To 
widen the range of exposure to study, investigators often seek to select popu- 
lations with diverse diets, for instance by including special groups within 
a population such as vegetarians or by studying diet-disease relationshps 
across different countries. Nutrient intake-outcome relationship may be 
complicated by intermediate factors such as biological availability. Some of 
the variability in results can be explained by particular genotypes having dif- 
ferent responses to exposures from the rest of the population. The other main 
challenge is the difficulty in measuring any dietary variable. Diets vary from 
day to day and change over time and the composition of foods also varies 
over time so that to get a true average of dietary habits over time, it is neces- 
sary to repeat measurements. 

Considerable effort has been put into developing biomarkers of dietary 
intake. Biochemical measures are objective compared to self-reporting of 
diets and could potentially replace dietary assessment methods. Such mark- 
ers are measurements of nutrients in different body fluids and tissues that 
can be related to dietary intakes but many biomarkers are expensive to use 
in large populations and are still not an alternative to dietary assessment 
methods in many observational epidemiological studies. 



12.2 NUTRITIONAL ASSESSMENT 

On completion of this section, you should be able to: 

summarize the purposes for which each of the currently-used 
measures of nutritional status has been developed, and the scope of 
their individual usefulness and their limitations 
outline the broad choices of different types of available measures, 
comprising (a) dietary estimation; (b) anthropometric measurements; 
(c) biochemical status indices; and, to a lesser extent, (d) functional 
and clinical evidence of adequacy 

* summarize the common criteria for usefulness and reliability of these 
indices and measures, and list some of the common pitfalls that must 
be avoided during planning, practical work and interpretation 
understand why dietary assessment needs to be carried out 
describe the various methods of dietary assessment used at national, 
household and individual level 
appreciate the strengths and weaknesses of the different approaches 
to dietary assessment at national, household and individual level 
recognize the contexts in which it is appropriate to use specific 
methods 



.understand how to take into account the measurement errors 
associated with dietary assessment when irterpreting results from 
dietary surveys 

0 understand the different uses of various anthropornetric measures 
used to assess nutrition status 
understand the equipment used and techniques of measurement 

* appreciate how inaccuracies in recording can be minimized 
understand the use of measurements to calculate indices of 
nutritional status 
compare the measurements and indices to the most appropriate 
reference 
summarize the available choices of tissue and body fluid samples that 
may be selected and collected for biochemical status assessment 
describe common problems of interpretation of biochemical markers 
describe the inter-relationships between the biochemical and other 
indices of nutritional status, to be used in conjunction with each 
other for a composite and integrated picture of status and nutritional 
adequacy. 

Introduction to nutritional assessment methods 

Measures of nutritional status are usually valuable as they may be predictive 
of health outcomes. The major categories of nutritional assessment include: 
(a) dietary, (b) anthropometric, (c) biochemical status and (d) functional and 
clinical status. 

In this section, the main focus will be on the first three categories, although 
the importance of category (d) is always implicit in the discussion. The 
functional tests are most useful as research tools to investigate causal links, 
whereas the biochemical indices are most useful in population surveys and 
individual nutritional investigations. Clinical signs may be less specific for 
particular nutrients than are biochemical tests. 

One of the most important growth areas in current nutritional research 
effort is the development of useful 'intermediate markers' between diet and 
health outcomes, since many of the latter may develop over long periods, 
and indeed over a lifetime. 

Dietary assessment 
The objectives of dietary assessment 

The exact purpose of the assessment, what is to be measured, in whom, over 
what time period, and how the measurements are to be collected will deter- 
mine which techmque is most appropriate for a given purpose. 

Methods of dietary assessment 

There are five stages at which food availability and consumption can con- 
veniently be measured (Fig 12.2) - these range from national statistics to 
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Figure 12.2 Points in the food supply chain at which it is convenient t o  measure food 
availability or consumption. 

individual consumption. Information from the h e r  levels of measurement 
(individual, household or institution) can be built up to provide a picture of 
consumption at regional or national level. 

Assessment at regional or national level 

Dornest~c food product~on (1) 

Most governments require farmers and food producers to report how much 
food they produce. Ths is part of ongoing food surveillance which provides 
an overview of the adequacy of the national food supply. 

Total food available (11) 

Of far greater usefulness in estimating a country's food supply are food bal- 
ance data (or 'food disappearance data' or 'consumption level estimates') 



published by the TJnited Nations Food and Agriculh~re Organization (FAO) 
and then summarized in longer time series, These values reflect domestic 
food production plus imported food (including food aid), food taken from 
storage, minus food exported or added to stoclcs or used for non-food pur- 
poses (eg sugar used in the brewing industry, grain fed to livestock). When 
the totals are divided by the number of people in the population, the result 
is expressed as food 'available' per person. It is also possible to estimate 
the nutrient content of the food available and to estimate the availability 
of energy and nutrient per person. These data are widely used for making 
comparisons between countries to learn about the extent of hunger at the 
national level (see chapter 13) as well as the relationships between diet and 
disease. The data are limited in that: they provide an estimate for the country 
as a whole, not for different population groups; no account is taken of waste 
or losses of food; the consumption estimates give higher values than those 
derived from other types of surveys. 

Assessment ot household level (111 and lV) 

There are four main techniques used to assess food consumption at the 
household level: food accounts, inventories, household recall, and list recall. 

Food accounts 

The main food provider is asked to keep a record of either the quantity or 
cost (or both) of all household food acquisitions (purchases, gifts, food from 
gardens or allotments, payments in kind, takeaway foods eaten at home, etc). 
In Britain, the National Food Survey (NFS) was conducted annually for over 
half a century from 1950 to March 2001. Since April 2001, the data have been 
collected in the Expenditure and Food Survey This combines the former NFS 
and Family Expenditure Survey The latter provided much more detailed 
socioeconomic and demographic data about each household than the NFS, 
and the new survey allows for better analysis in relation to variations in 
household characteristics. 

Inventory method 

This is similar in nature to the food account method, in that respondents are 
asked to keep records of all foods coming into the house. In addition, a larder 
inventory is carried out at the beginning and end of the survey period. The 
method has the advantages of providing a direct measure of the amount of 
food and nutrients available for consumption within a single household. 

Household record 

The foods available for consumption (whether raw or processed) are weighed, 
or estimated in household measures, allowing for preparation waste (eg dis- 
carded outer leaves, peel, trimmed fat, etc). Any food consumed by visitors 
is estimated and subtracted from the total, and an allowance is made for 
food waste (food prepared but not consumed), either by collecting the waste 
directly (which is likely to underestimate the true waste) or by estimating the 
proportion of the total prepared food believed to be wasted. The techmque is 
useful in countries where much of the diet is home produced. 



List recoil 
f i s  is a structured survey in which the respondent is asked to recall the 
amount and cost of food obtained for household use over a given period, usu- 
ally one week. In addition to food purchases and acquisitions, it takes into 
account the use of food. It can therefore be used to provide an estimate of food 
costs as well as net household consumption of both foods and nutrients. Tne 
techruque is well suited to populations in which most food is purchased rather 
than home-produced. It is relatively quick and cheap, as it requires only a 
single interview. Problems persist concerning foods eaten away from home, 
consumption of food by visitors, and distribution of nutrients within families. 

Assessment at the level of the indiv idual (V) 

There are two main approaches to individual dietary assessments, prospect- 
ive and retrospective. Prospective methods involve collecting or recording 
current diet, wh le  retrospective methods require subjects to recall either 

- 

recent or past diet. Generally speaking, any measurement of diet will be 
biased in some way by the measurement process itself. There are therefore 
no entirely objective measures of an individual's food consumption or nutri- 

- 

ent intake except in the controlled conditions of a laboratory. 
The main advantage of prospective methods is that they provide a direct 

measure of current diet. Retrospective methods require subjects to recall 
aspects of their diet. This may involve remembering the type and amount 
of all individual items consumed over a specified period of time (eg 24-hour 
recall), or creating a mental construct of 'usual' consumption involving recol- 
lection of both the frequency of consumption of specific foods or food groups 
and the amounts consumed. The main advantages of the retrospective 
methods are that they are quick to administer compared with prospective 
methods but many sources of bias affect retrospective dietary assessments, 
such as memory errors, presence of an observer, daily variation in diet and 
irregular eating habits (Table 12.2). 

Prospective methods 

Duplicate diet method: This technique requires subjects to weigh and record 
their food consumption at the time of eating. At the same time, they weigh 
and put aside an exact duplicate portion of each food consumed. These 
samples are then analysed chemically for their energy and nutrient content. 
Weighed invent0 y method: The weighed inventory is one of the most 
widely used techniques. Subjects keep a record of all food and drink 
consumed. Each food item is weighed immediately prior to consumption 
using portable food weighmg scales. 
Household measures technique: The method is similar to the weighed inven- 
tory, except that subjects record portion sizes in household measures 
(cups, bowls, spoonfuls, etc.) rather than weighing their food 

Retrospective methods 

24-houv recall: A trained interviewer asks subjects to recall and describe 
every item of food and drink consumed over exactly 24 hours. 
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Prospective methods 

General features: Current diet Labour intensive 
Direct observation ofwhat is eaten Requires literacy and numeracy skills 

Duration of survey can be varied to meet reqllirementr for precision of estimates of Subjects need to be well motivated 

food consumption or nutrient intal(e 
Usual consumption pattern may change due to: 

-inconvenience of recording 
c h o i c e  of foods which are easy to  record 

be l i e f s  about which foods are 'healthy' or 'unhealthy' 
Overweight subjects tend to under-report true consumption levels 

Coding and data entry errors are common 

Duplicate diet Direct anaiyrir of nutrient content of food (not dependent upon food composition tables) Very expensive 

Required in metabolic balance studies Intense ruperv~sian needed 

Usual diet may not be consumed 

Weighed inventory Widely used, facilitates comparisons between studies Foad compos~tion tables used to estimate nutrient intal<e 
Precision of portion sizes I 

p p ~ ~ - ~  p~ 

Household measures No scales needed Loss of precision compared with weighed inventory I 
Retrospective methods 

General features: 

Diet history 
24-hour recall 

Inexpensive 

Quiclc 
Lower respondent burden than required for prospective methods 
Can assess current or part diet 

Armesres 'usual' diet 

Very quick 
Can be repeated to gain measure of daily variation and improve precision 

Biases caused by: 
e r r o r s  in memoly, perception and conceptualizat~on of food portion sizes 
-presence of observer 
Dally variation in diet not usually assessed 
Dependent on regular eating habits 
Food composition tables used to estimate nutrient intalce 

Over-reporting of foods beiieved to be 'healthy' (eg fruit) 
Prone to underestimate intake due to  omissions 
Slngle observat~on provider poor measure individual iotalie 

Food frequency and amount questionnaire Suitable for large-scale Surveys Requires validation in relation to reference measure 

Can be rent by mail or email Literacy and numeracy rkiiii needed if seiCrompleted 
Short version can focus on specific nutrients with few food sources 



Diet hisfouy: The diet history is used to assess 'usual' diet over the recent 
past. Typically, an interviewer trained in the diet history technique begins 
by carrying out a 24-hour recall of diet. Ths  is then elaborated, and 
subjects are asked to describe the range of foods that would be likely to 
be consumed, the freq~lency of their consumption, and typical amounts. 
Differences between weekdays and weekends are clarified, and seasonal 
variations elaborated. 
Foodfvequency questionnaive: Food frequency questionnaires (FFQ) are 
pre-printed lists of foods on which subjects are asked to indicate the 
typical frequency of consumption and to state in household measures the 
average amount cons~uned on the days when the food is eaten. 

Anthropometric assessment 

Anthropometry is a relatively quick, simple, and cheap means of assessment of 
nutritional status. m s  involves the physical measurement of some or several 
aspects of human body size, which, when related to normative values, are taken 
to be outcomes of nutritional exposure (World Health Organization 1995). 

Uses, advantages and limitations 

Anthropometry is the most commonly used method of nutritional assess- 
ment due to the relative cheapness and portability of equipment needed, the 
high accuracy and precision relative to dietary methods, and the relatively 
low level of training required. All of the measurements given in Table 12.3 
are appropriate for the assessment of undernutrition, while waist and hip 
ratios are useful in the assessment of overnutrition. 

The most common anthropometric measures of undernutrition in children 
are weight and height, either individually or combined, relative to reference 
values. The two preferred indices are height for age and weight for height, 
since they can be used to discriminate between acute and chronic undernu- 
trition. Although weight for height can be used to assess overnutrition in 
chldren, the body mass index (BMI) is now the most widely used measure 
for this purpose, although it is a less sensitive marker of body fatness than 
sklnfold thickness (see chapter 8). 

Types of anthropometric measurements 

The most basic measurements, height (or length) and weight, are funda- 
mental to all nutritional anthropometric studies, since they give the simplest 
measure of attained skeletal size (height or length), and of soft tissue mass 
(weight). Arm and calf circumferences are used as proxies for soft tissue 
mass. Decline in height with increasing age among the elderly has been noted 
in studies throughout the world. Demispan (distance between index-middle 
finger web and the sternal notch) has been shown to be a reliable and repro- 
ducible alternative indicator of stature in the elderly 

Sklnfolds are used as proxies for body fatness although they are measures of 
subcutaneous fatness only. Since body fatness is largely comprised of both sub- 
cutaneous and visceral fat, the use of skinfolds assumes that the partitioning 
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Table 12.3 Recomme:~ced rlcasuranenrs ior nurrir~crzi xrrssrncr: 
. . . -. . . . - . . . - - . . . . . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 

Age group (years) Practical field observations More detailed observations 

0- I We~ght, length Head and arm circumference, 
Tr~ceps and subscapular sklnfolds 

1-5 Weight, length, height, arm Triceps and subscapular skinfolds 
circumference 

5-20 Weight, height, arm Triceps, subscapular and medial calf 
circumference skinfolds 

Calf circumference 

Over 20 Weight and height Arm and calf circumference 
Triceps, subscapular and medial calf 

skinfolds 
Waist and hip circumferences 

(overnutrition only) 
Dernispan (elderly subjects) 

of subcutaneous to visceral fat does not vary across nutritional states. Ths  
assumption is likely to be wrong, given that visceral fat and subcutaneous fat 
have recently been shown to be biologically distinct. 

Waist and hip circumferences gives a composite measure of fatness, both 
subcutaneous and visceral. Lower limb slanfold and circumference measures 
are valuable, since it cannot be assumed that measures of the upper body are 
also representative of the lower body, but these are used mainly for research 
purposes. 

Equipment, standardized methods, indices 

The most commonly used item of equipment is the weighing scale, which 
must have a high degree of accuracy, and should where possible measure to 
within 10 grams. While beam balances have traditionally fulfilled the criteria 
of precision and accuracy needed, inexpensive digital bathroom-type scales 
that have a load cell as sensor are equal in accuracy and precision to the 
beam balance. The second most common item of equipment is the stadiom- 
eter, which is an instrument for measuring height. This can either be attached 
to a wall, or be a rigid measuring rod, against which subjects can be aligned 
vertically. With children up to the age of 2 years, the convention is to measure 
recumbent length using an d a n t  measuring board. Circumference measure- 
ments are best carried out using a flexible steel tape, calibrated in centimetres 
with millimetre gradations. Other types of tape, including cloth and fibre- 
glass tapes, are apt to stretch with repeated use, and therefore become less 
accurate. Sklnfolds can only be measured using skinfold calipers, of which 
the Harpenden skinfold caliper is the most widely used. 

Weight should be measured with the subject wearing the minimum 
amount of clothing either decently possible or culturally acceptable. The 
weight of clothing should be subtracted, since this can add at least 0.4 kg to 
the measurement. Height is measured with the subject's back to the meas- 
uring device, feet together, with heels, buttocks and back touching the 



scale. The head is placed in the Frankfort plane (an imaginarv line passing 
through the external ear canal and across the top of the lower bone of the eye 
socket, immediately under the eye) the headpiece is brought down onto the 
head, and the measurement read off the measuring rod. Recumbent length 
will always give a greater measurement than a standing measurement. 
Recumbent length is measured in young children either because they are too 
young to stand, or because they cannot stand still in the appropriate pose 
long enough for a measurement to be made. Many growth references show 
discontinuity in values at about 2 years of age, reflecting a difference from 
recumbent pose to a standing one. Revised references by the World Health 
Organization correct for this. 

Circumferences must be measured with the tape while applying a con- 
stant tension, ensuring that there is no indentation of the skin. Either squeez- 
ing or slackness will give erroneous measurements. When arm circumference 
is measured, the arm should be relaxed. The left arm is used by convention, 
although significant differences between right and left arm have been dem- 
onstrated, larger measurements existing in the arm of habitual use. Waist 
circumference is taken at the narrowest point between the lower costal rib 
border, and the iliac crest. If there is no narrowing, then the measurement is 
made at the midpoint between these two landmarks. Hip circumference is 
made at the level of the greatest posterior protuberance of the buttocks. The 
gluteal muscles should be relaxed. 

Skinfold has the greatest error rate of all anthropometric measurements, 
and extreme care is needed with this category of measurement. The skinfold 
site should be carefully located and marked. The right side of the body is 
always used, irrespective of the handedness of the subject, except where it 
is not possible to do so because of injury. The skinfold is picked up at the 
marked site, and is held between the thumb and forefinger, care being taken 
not to incorporate the underlying muscle tissue in the grasp. Ths  can be dif- 
ficult to identify, especially in muscular or obese subjects. The calipers are 
applied about 1 cm above where the skinfold has been grasped; care needs 
to be taken not to place the calipers either too deeply or too shallow into the 
skinfold, since this is a major source of potential measurement error. 

Among the elderly, demispan is measured by tape, taking the distance 
between the index-middle finger web and the sternal notch. Among incapaci- 
tated adults, recumbent measurements of arm and waist circumferences have 
good precision and correlation with measurements taken in the standing 
position. However, hip circumferences are generally lower in the recumbent 
position, whle  suprailiac skinfold is less precise. 

Accuracy of measurements 

Even poorly conducted anthropometry is far more reproducible (precise) and 
valid (accurate) than the majority of techniques used to measure individual 
dietary intake. However, there is a need to measure accurately, and be aware 
of the pitfalls of anthropometry. This set of techniques is more simply carried 
out than many other measurements of nutritional status, and there is often 
a tendency to delegate measurement to less-qualified individuals. But all 
potential anthropometrists should receive adequate training from an expert 



or supervisor to reach an accessable level of expertise prior to survey, and 
maintain t h s  level of expertise throughout. 

Indices and reference standards for anthrepometsjc nutritional ossessrnenr 
Adults 

The most commonly used measure of undernutrition and overnutrition in 
adults is the Body Mass Index (BMI) which is calculated from the weight in 
kilograms divided by the height in metres, squared. Adult undernutrition has 
been labelled chronic energy deficiency, and BMI cut-offs for this are: 17-18.5, 
grade I CED; 16-17, grade I1 CED; below 16, grade I11 CED. BMI cut-offs of 
25, 30 and 40 are used internationally to define mild, moderate, and severe 
obesity respectively, although various nations may have differently defined 
criteria. The cut-off of 25 is called overweight by some. In addition, waist cir- 
cumferences and waist:hip ratio are simple measures of central distribution 
of body fatness. 

Ch~ldren 

Large scale anthropometric surveys associated with public health surveil- 
lance in industrialized nations first led to the generation of growth curves 
for children, and distribution curves for adults, for use in health monitoring. 
These subsequently came to be used in nutritional assessment globally. 

In order to estimate nutritional status of children from anthropometry, val- 
ues of measurements such as height and weight must be related to normative 
values. T h s  is done by comparing individual values using percentiles, per- 
centage of the mean or median reference value for age, and/or Z (standard 
deviation) scores. There is rough correspondence between Z scores, centiles, 
and percentage of median reference value. As a very general rule of thumb, 
90% of median reference value for height for age is roughly similar to the 3rd 
percentile, and -22 scores height for age; 80% of median weight for age is 
roughly equivalent to the 5th percentile, and -1.52 scores of weight for age; 
while 80% of median reference value of weight for height is roughly equiva- 
lent to the 3rd centile and -22 scores of weight for height. 

The use of growth references developed in industrialized nations for the 
use of nutritional assessment of individuals in less developed nations has 
been widely debated. Studies showing that the growth patterns in height of 
well-fed, healthy preschool children from globally diverse populations are 
broadly similar have led to the acceptance by the World Health Organization 
of the United States National Center for Health Statistics 1977 reference 
curves for height and weight for international use in the late 1970s. A revised 
international growth reference based on well-off children from six developed 
and developing countries was published by the World Health Organization 
in 2007. 

Biochemical assessment 

Biochemical assessment ideally forms part of a coordinated set of nutritional 
investigations that may also include diet estimates, anthropometry, func- 
tional and clinical investigations. These are used to distinguish between defi- 
ciency, adequacy and overload of one or more nutrients. 



Biochemical markers ofnutsitionoi intake and status 

Biochemical markers are specific diagnostic compounds that can be meas- 
ured in accessible human body fluids and tissues such as blood, urine, saliva, 
hair and nails. They are selected on the basis that they can be used as predict- 
ors for the different levels of nutrient intake and of tissue status adequacy 
that occur in human individuals and populations. Biochemical markers are 
potentially useful for the following reasons: 

they can be measured with high specificity, accuracy and objectivity 
they can represent the integral effect of dietary intakes of nutrients from 
food and supplements over short or long periods of time 

* they are usually nutrient-specific and are rapidly responsive to the correc- 
tion of nutrient deficiencies 
in a few cases such as urinary sodium, potassium, nitrogen, fluoride and 
iodide, dietary nutrient intakes can be predicted more accurately from 
biochemical indices than from diet assessment. 

Nutrient indices measured, and feasibility of predicting intakes from indices 

Many blood and urine nutrients exhibit 24-hour and seasonal cycles, which 
can be a source of misinterpretation. Therefore, representative surveys need 
to span a range of collection times. Secular changes over longer time periods, 
attributable tochanging climatic conditions orchanginglifestyles,foodimports, 
etc, need to be monitored by periodic or regularly repeated surveys. 

The fundamental aim of biochemical monitoring is to define whole body 
adequacy for specific nutrients. However, the practicalities of assessment 
limit the researcher to readily-accessible fluids and surface tissues. The rela- 
tionship between these and the critically-vulnerable internal organs is a com- 
plex one. Biochemical status indices for individual nutrients are as follows: 

Protern and essential amino acids 
There are no good indices for tissue protein status. The most commonly-used 
index is serum (or plasma) albumin, measured by a dye-based assay, or by a 
more specific and reliable immunoassay, which is lowered in conditions such 
as kwashiorkor (see chapter 8) but is also reduced by the acute phase reac- 
tion, and severely malnourished children commonly have infections. A more 
reliable index of inadequate protein supply may be the plasma amino acid 
profile, since the 'essential' amino acids, notably the branched-chain amino 
acids, are lowered when dietary protein is inadequate. Protein intakes can be 
monitored fairly accurately by nitrogen excretion rates. 

Essential fatty acid status (and fatty acid profiling) 
Although plasma fatty acid concentrations are often used as markers of intake, 
interpretation is difficult because of diurnal variation; concentration of fatty 
acids in red blood cell membranes shows a better relationship with intake. 

Fat-soluble vitamins 

Vitamins A and E are commonly measured in serum or plasma, together with 
the carotenoid pigments, by h g h  performance liquid chromatography. Plasma 



re~tkol is a good (ie disc rim in at on^) status index only when body siores are 
low; a lugh. level is indicative of adequate status, but a low level may be a con- 
sequence of acute-phase infection/ll?Rammation processes. Plasma vitamin E 
(tocopherol) levels are usually expressed as a ratio to cholesterol or total lipids, 
since the vitamin E content of plasma is hghly dependent on its lipid content. 

Vitamin D status is assessed by the concentration of 25-hydroxyvitarnin D 
in serum or plasma. Levels vary enormously between the seasons and with 
variable sunlight exposure. Older people in the UK, especially those in insti- 
tutions such as nursing homes, are especially vulnerable to inadequate sta- 
tus. Their Reference Nutrient Intake (RNI) for adequate status is lO~g/day, 
but few older people in the UK achieve this intake. 

Vitamin K status is measured (crudely) by the rate of blood clotting, or 
more sensitively and specifically by 'PIVKA' (protein induced by vitamin K 
absence or antagonism) and recently by vitamin K serum or plasma levels, or 
the degree of under-carboxylation of osteocalcin in plasma. 

Water-soluble vrtamrns 

Vitamin C status is usually measured by serum or plasma vitamin C concen- 
trations or (in older studies) by buffy coat (total mixed white cells) vitamin C. 
The latter is more closely related to body stores and long-term status, but 
requires a cumbersome assay. Despite confounding influences of acute phase 
processes in some studies, plasma vitamin C correlates relatively well with 
recent intakes (-1-2 weeks) of the vitamin from foods and supplements. 

Of the B-vitamins, thiamin (B1), riboflavin (B2) and pyridoxine (B6) status 
levels are commonly assessed by the activation coefficients of specific eryth- 
rocyte enzymes that require these vitamins as part of their essential cofactors: 
transketolase for hamin ;  glutathione reductase for riboflavin, and erythrocyte 
amino acid aminotransferases for the vitamin B6 coenzymes. For vitamin B6, 
plasma pyridoxal phosphate concentration is often preferred. Folate, vitamin 
BIZ, biotin and pantothenic acid are commonly assessed by serum or plasma 
concentrations. Red cell folate is a better index of long-term folate intakes 
and body-stores than plasma or serum folate are, but it is more difficult to 
measure. Niacin status is usually assessed by its urinary breakdown prod- 
ucts: N-methyl nicotinamide (NMN) or pyridones. Several B vitamins can be 
assessed by their erythrocyte concentrations, which some investigators now 
prefer, since they are relatively free from acute phase effects. Several B vita- 
mins have associated functional indices (eg homocysteine or methylmalonic 
acid) which are discussed below. 

Mineral nutrients 

Some of the essential minerals can be monitored by 24-hour urine collections 
(eg Na, K, I, Se); while others are best studied in blood serum or plasma (eg 
Mg). Some are best studied in relation to their functional effects, such as on 
bone-related enzymes and turnover markers (eg Ca, P) and the Se-enzyme, 
glutathione peroxidase, usually in whole blood or red cells (Se). Zn can be 
assessed by plasma zinc levels, but this index is strongly (negatively) affected 
by acute phase effects. Plasma analytes (eg thyroid-stimulating hormone, 
thyroglobulin, Tg and T3 thyroid hormones and their ratios) are also indica- 
tors of iodine status. 



Function01 indices 

Nutrient-sensitive functional status indices such as plasma homocysteine 
(for folate, vitamin BIZ and vitamin R6 status); plasma methylmalonic acid 
(for vitamin BI2 status) and oxidative damage markers (such as malondialde- 
hyde or F2-isoprostanes) whch  are modulated by the so-called 'antioxidant' 
nutrients are useful to predict disease risk, or as intermediate end-points for 
intervention studies. 

Acute phase reactions 

Blood nutrient levels are influenced by intake and tissue stores, but also 
the common acute phase reaction (caused by infection and inflammation) 
whch  increases or decreases some blood nutrients. It is, therefore, important 
to avoid making nutrient status measurements when an infection is clearly 
present as indicated by acute phase proteins such as C-reactive protein. 

Markers of dietary intake: inorganic elements, vitamins, macronutrients 

Some nutrient related biochemical indices are Influenced primarily by the cor- 
responding nutrient intakes, but the majority is not, because variable absorp- 
tion, homeostatic control or turnover and excretion perturb the intake-status 
relationships. These can be grouped as follows: 

status measurements that are fairly reliable predictors of intake: eg nitro- 
gen, Na, K, I, F from urinary excretion rates 
the biochemical markers that only predict intake categories (eg high, 
medium or low) but cannot provide an accurate quantitative estimate of 
intakes. These include plasma vitamin C and carotenoids; red blood cell 
levels of B-vitamins 
markers that are generally useless as indicators of intake include plasma 
levels of many mineral elements, such as calcium, sodium, potassium and 
copper. By contrast, plasma iron, zinc, magnesium and selenium can pro- 
vide some useful status dormation. 

In conclusion, biochemical markers of nutrient intakes and tissue sta- 
tus are potentially powerful tools, but are often subject to mis-use and 
mis-interpretation. 
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CHAPTER I3 

Public Health Nutrition 

By the end of this chapter you should be able to: 

justify public interventions in addressing malnutrition, both 
under- and overnutrition 
describe the main types of malnutrition worldwide, their prevalence 
and trends 
appreciate the type of factors involved in their aetiology 
give examples of causes by level - such as immediate, underlying, 
and root causes 
appreciate the factors involved in developing preventative measures 
or appropriate intervention to reduce malnutrition 
describe the types of direct and indirect measures to improve 
nutritional status 
explain the evolution of emphasis in types of policy interventions 
used over the last half century to reduce malnutrition 
describe the current challenges to food and nutrition security 
define the terms food security, food insecurity, food supply, food 
demand, hunger, famine, and Green Revolution 
give examples of past scares concerning the adequacy of the world 
food supply and reasons for their resolution 
compare food supply with population needs 
list the socioeconomic, ago-ecological and health constraints on 
future food production 
explain how globalization relates to food security 
compare publicly- and privately-funded agricultural research 
explain the potential for biotechnology in achieving food security 

13.1 INTRODUCTION TO PUBLIC HEALTH NUTRITION 

The first sections of this chapter review briefly the extent and causes of 
malnutrition and some of the policy and intervention options available 
for reducing malnutrition. Direct nutrition interventions have a stated 



objective of improving nutrition, and Lndirect interventions or policies may 
affect nutrition status in important ways but do not necessarily have t h s  
as their primary goal. Adequate food supply is one of the essential factors 
in good nutrition. The subsequent sections describe the world food supply 
and past trends and future projections of the ability for supply to meet the 
increased demand caused by population growth and increased affluence, 
as well as the impact of globalization of food trade and of biotechnology on 
food security. 

13.2 INTRODUCTION TO F O O D  A N D  NUTRITION 
POLICIES A N D  INTERVENTIONS 

Nutrition policies and interventions are designed to reduce malnutrition 
in populations. h this chapter the term 'malnutrition' encompasses both 
undernutrition (due to some combination of food, care and health depriva- 
tions) and overnutrition (due to a combination of the excess consumption of 
some diet components and too little physical exercise). Governments have an 
important role in the elimination of malnutrition because: 

many services relevant for good nutrition such as nutrition education 
campaigns are not provided by the private sector 
individual decisions may have a h g h  cost for the community, eg a deci- 
sion not to get immunized leading to the spread of infection 
they can help to ensure accurate information is available about a food 
product 
they can ensure equity of distribution such as universal salt iodization or 
the availability of primary health care. 

Democratically elected governments have human rights obligations, includ- 
ing the right to adequate nutrition, and are directly accountable to the popu- 
lations they serve. 

The extent of various types of malnutrition differs between developing 
and developed countries: general undernutrition and specific vitamin and 
mineral deficiencies are more prevalent in developing countries, whereas 
chronic diseases related to poor nutrition, such as obesity, CHD, diabetes, 
and osteoporosis (sometimes referred to as 'overnutrition' or 'diseases of 
affluence') are more prevalent in developed countries. For simplicity the term 
'overnutrition' is used here although it does not express the compositional 
imbalance of many diets in affluent countries. However, pockets of under- 
nutrition exist in developed countries and nutrition-related chronic diseases 
are expanding rapidly in the developing world. Undernutrition and nutrition- 
related chronic diseases coexist to the greatest extent in countries undergoing 
rapid socioeconomic and demographic transitions such as the countries of 
the former Soviet Union. The challenge of balancing interventions to address 
under- and overnutrition is particularly great for these countries. 

Good nutrition is related to access to and appropriate utilization of avail- 
able food. Food supply is therefore part of the equation. The second part of 
the chapter therefore deals with various factors that affect world food sup- 
ply and the ability of the world to provide enough food for an increasing 
population. 



13.3 EXTENT AND CAUSES OF MALNUTRITION 

Descriptions of malnutrition are usefully classified by stage in the lifecycle. 
Dramatic growth failure most typically occurs between the ages of 12-18 
months with a low probability of catch-up growth. The impairments in cog- 
nitive function are also largely irreversible. Hence early infant malnutrition 
has consequences throughout the lifecycle. Malnourished babies become mal- 
nourished adolescents and adults who are less able to learn in school and less 
productive in the labour market. Malnourished female babies are more likely 
to be malnourished girls and women who give birth to malnourished babies. 
Moreover the fetal origins hypothesis (see chapter 6)  proposes that maternal 
dietary imbalances at critical periods of development in the womb can trig- 
ger adaptations that affect fetal structure and metabolism in ways that pre- 
dispose the individual to chronic diseases later in life. This section reviews 
the extent and causes of malnutrition at different stages in the lifecycle. 

Assessment of extent and worldwide distribution 
of malnutrition 

A rough approximation of the extent, pattern and trends of the malnutrition 
problem can be estimated using existing data. Until recently the international 
organizations concentrated on documenting only nutritional status in devel- 
oping countries. However, since about 2000 they have started to include the - 
epidemiology of obesity and diet-related degenerative diseases. 

Stunting (low height for age) and underweight (low weight for age) of infants 
in the developing world is widespread. A third of all children under the age of 5 

- - 
in developing countries are stunted and underweight. In South Asia almost half 
are underweight, although nutritional status in all regions of the world except 
sub-Saharan Africa has been improving over recent decades (Table 13.1) 

The proportion of adults who fall below the cut-off for underweight 
(BMI < 17) and above the cut-off point for obesity (BMI 2 30) is shown in 
Table 13.2. The poorest countries are therefore still grappling with under- 
weight and the developed countries with overnutrition issues such as obes- 
ity. Despite the widespread efforts to reduce the extent of obesity and its 
associated diseases, their prevalence continues to increase. 

Developing countries 
East AsidPacific 
Latin AmericdCaribbean 
Middle €astiNorth Africa 
South Asia 
Sub-Saharan Africa 

Source: UNICEF 2003 (http:l/wchildinfo.orgleddb/malnutrit ionlindex.htm: accessed 29July 

2003) 
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: Table 13.2 Percent below %?a above BMI cut-offs: adults in 2000 
-. - - -. . . - . - - - . - . . . . . . . . . .. . . . . . - -..I 

BMI < 17 (underweight) BMI 2 30 (obese) 

Least developed (n = 45) 8.9 1.8 
Developing (78) 6.9 4.8 
Transition (27) 2.4 17.1 
Developed market (24) 1.6 20.4 

Source: WHO 2002 (http://wwwwho.intlnutidb_bmi.htm; accessed 9 September 2002) 

The major micronutrient deficiencies worldwide are iron, iodine, and vita- 
min A. Approximately 2 billion individuals worldwide are iron deficient, 
750 million are iodine deficient and 160 million are vitamin A deficient. In 
developed countries certain other potential micronutrient deficiencies have 
become more of a concern in recent years. These include folate deficiency 
in women in relation to spina bifida in a small percentage of newborns, but 
also in men and women in relation to elevated plasma levels of homocysteine . 

levels related to coronary heart disease. 
Anaemia prevalence is used as a proxy for iron deficiency In industrialized 

countries this is likely to be a close approximation, but in the developing world 
anaemia can occur due to factors other than iron deficiency such as malaria, 
other parasitic infections, current infectious diseases and other pathologies. 
Anaemia is a serious problem throughout the lifecycle, both in industrialized 
and developing countries where the prevalence is over 10% and 14% respec- 
tively It is a particular problem for pregnant women who have high haema- 
tinic needs, with a prevalence of almost 20% in industrialized countries and 
almost 60% in developing countries (see chapters 5 & 8). 

One of the most visible manifestations of iodine deficiency is goitre (see 
chapter 5) and this is used as one indicator of deficiency. The overall world 
prevalence of goitre is 13%, highest in the African region (20%), followed by 
Europe (15%), SE Asia (12%), Western Pacific (8%) and the Americas (5%) 

Severe vitamin A deficiency (VAD) manifests itself clinically as night 
blindness and corneal xerosis (see chapter 5). Sub-clinical vitamin A defi- 
ciency in pre-school children is definedas serum retinol level <0.7kmol/L. 
While clinical signs of vitamin A deficiency are relatively rare (estimated 3 
million pre-school children), subclinical deficiency, which increases the likeli- 
hood of morbidity and mortality in pre-schoolers, is estimated to be wide- 
spread (75-250 million) in developing countries only, and most likely found 
in South Asia and sub-Saharan Africa. 
In addition to anthropometric data and patchy micronutrient status 

data, food balance sheet data are available for most developing countries 
for most years. These data are compiled by the UN's Food and Agriculture 
Organization (FAO) from food production, food trade and food aid flows. 
The foods are converted into calories and divided by population size to give 
the dietary energy supply (DES) in calories per capita. The DES numbers are 
converted to estimates of the percentages of individuals without adequate 
access to food: 17% in developing countries, with the highest in sub-Saharan 
Africa (33%), and 7% in countries in transition. 
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Figure 1 3.1 The food-care-health model of undernutrition. 

Some of the factors behind the tragic decline in nutrition status in sub- 
Saharan Africa include: closed markets in the developed world (especially 
the EU) for their exports; HIV/AIDS generating a health and development 
crisis and undermining the ability to respond to the crisis; wars and refu- 
gee movements; military expenditure; drought; crop and livestock disease; 
many ecosystems making technology diffusion and adaptation difficult; 
under-investment in agricultural research; no economy serving as regional 
driver (Nigeria and South Africa's under-whelming economic performance); 
low levels of human capital in terms of literacy; declining terms of trade for 
natural resources on world markets; low population densities leading to thin 
infrastructure and market institutions. 

I 



Analysis of causes 

Figure 13.1 summarizes the causes of undernutrition in chldren, but much 
of t h s  scheme is also relevant to adults. The causes lie at several levels 
(immediate, underlying and basic) and in many sectors (agriculture, health, 
water, education, and employment, etc). It is important to understand the 
causes of malnutrition to guide the interventions needed to improve nutri- 
tion status. The following examples focus first on undernutrition, followed 
by similar analyses that can be made for the chronic nutrition related diseases 
(overnutrition). 

Immediate causes 

The most immediate causes of malnutrition in young children (and also 
adults) are poor diet and infection (see chapters 6 & 8). If the child is not able 
to ingest enough food, both in terms of quantity and quality that can be used 
for growth and development, then malnutrition occurs. Infection and an 
inadequate diet reinforce each other as infection reduces the intake of nutri- 
ents by diminishing appetite, inhibiting nutrient absorption, and increasing 
nutrient requirements for combating infection wh le  poor diet reduces the 
effectiveness of the immune function. 

Equivalent immediate causes of diseases 01 affluence are excess intake of 
food, eg through bottle feeding, snacking, high fat foods, and lack of exercise. 

Underlying causes 

Underlying causes of undernutrition include household food insecurity, poor 
care for mothers and children and the inadequate provision of health services 
and an unhealthy environment. Food security 'exists when all people, at all 
times, have physical and economic access to sufficient, safe, and nutritious food 
to meet their dietary needs and food preferences for an active and healthy life'. 
Household food insecurity has many interrelated causes: poor crop ylelds, low 
incomes, high food prices, low rates of exchange between food and non-food, 
and a lack of access to assets, including land, water, extension and credit. 

Poor health services, unclean drlnking water, and non-existent hygiene dis- 
posal systems all increase the hkehhood of mfection, particularly diarrhoea. 
Inadequate care for mothers and chddren increases the risk of infection and inad- 
equate diet. Care includes time for resting and appropriate food during preg- 
nancy, breast feeding and feeding of young chddren, psychosocial stimulation 
of infants, food preparation and storage practices, hygiene practices and care for 
children during illness, including diagnosis and health s e e h g  behaviour. 

Underlying causes for the diseases of affluence are mainly the converse, 
including overall food security, availability of plentiful and varied food prod- 
ucts (although not always the most healthy), food advertising, a sedentary 
lifestyle at work and leisure due to labour saving devices, transport, comput- 
ers, work pressures, and increased perception of risk for children in playing 
outside and walking or cycling to school. 

Basic causes 

The basic or root causes of malnutrition are essentially political and 
economic. There are very few instances of high levels of undernutrition 



(as opposed to  overnutrition) above a certain GDP per capita. A 10% 
increase in income produces a 5% reduction in the rate of undernutrition 
but income growth is by no means sufficient, and there is a wid-e range 
of levels of undernutrition at a given income level. Other factors beyond 
income growth are obviously essential for good nutrition, such as good 
levels of education, social equity, and enlightened government behaviour. 
Good governance - by which we mean institutions that give voice to all 
parts of society; respect for the civil, political, economic, social and cul- 
tural rights of its citizens; and appropriate levels of investment in pub- 
lic goods such as safety, research, roads, health and education - is more 
likely to produce these conditions. Good education levels mean that indi- 
viduals know how to access, assess, and use information that is helpful to 
the attainment of good nutrition status (such as the right types of foods to 
consume, what to do in the case of diarrhoea, and the optimal duration of 
exclusive breastfeeding). The status of women relative to men is a dimen- 
sion of society and values that is crucial to the nutrition status of women 
and of infants. 

The basic or root causes of the diseases of overnutrition are also essen- 
tially political and economic, affecting incomes, employment, work pres- 
sures, food prices, e t ~ .  



13.4 TYPES OF INTERVENTIONS .- - -. - -. - - - 
Much is known about how to combat the different forms of undernutrition. 
Direct interventions are those targeted specfically to improve nutrition. Those 
that are thought to work for malnutrition in general focus on (a) improving 
breastfeeding rates up to 6 months of age, (b) improving the quality and 
quantity of foods that complement breastfeeding beyond 6 months of age, 
(c) improving the quality and quantity of food consumed by adolescent girls 
and pregnant and lactating women, (d) supplementing diets with micro- 
nutrient capsules, fortifying foods with micronutrients during processing, 
(e) improving the quality of nutrition information provided to parents and 
caretakers, and (f) increasing the diversity of diets consumed by all individuals 
via home-based production of small livestock, fruit and vegetables. Efficacy tri- 
als tell us what can work under controlled conditions, and effectiveness trials 
and cost-effectiveness estimates tell us what works under real-life conditions. 

Direct interventions 

Direct interventions that are used to combat the diseases of affluence include 
several of the above. There is much emphasis on: providing information to 
the consumer including food labelling; food legislation to control composi- 
tion; manufacturers voluntarily producing low fat, salt and sugar products 
and high fibre products with added micronutrients; encouraging physical 
activity; emphasizing healthy school meals; and medication for high blood 
pressure and obesity. 

Indirect interventions 

Indirect interventions are those that have an impact on nutrition, but do 
not have nutrition as a primary or even secondary goal, but work on the 
underlying causes. Indirect interventions that affect undernutrition focus 
on (a) lowering the price of foods to consumers via subsidies or vouch- 
ers, @) improving access to income (more work, higher productivity), 
(c) improving the ability to borrow and save to smooth consumption from 
one period to the next, (d) improving the ability of women to make decisions 
that improve nutrition, (e) improving education and the ability to acquire 
and use information, ( f )  improving access to water, sanitation and preventa- 
tive and curative health services, and (g) raising the productivity and nutri- 
ent content of crops and livestock. For these it is difficult to obtain a strong 
experimental design and we have to rely more on plausibility assessments of 
impact on nutrition. 

Indirect interventions that are likely have an effect on the diseases of 
affluence include some of the above such as (d) and (e), and measures such 
as: taxation on some foods and beverages, a school curriculum designed to 
allow increased physical activity, the availability of sports facilities, cycle 
lanes to allow safe cycling, etc. 

An extensive literature review on the efficacy of direct interventions tar- 
geting the main undernutrition outcomes in developing countries: low birth 
weight at term (or more precisely intrauterine growth retardation, IUGR), 
stunting, and the three main micronutrient deficiencies was published by 



Allen &r Gillespie in 2001. No such overall review has been carried out on 
the effectiveness of various interventions in reducing the chronic nutrition 
related diseases, possibly because the history of interventions is shorter. 
There is little information on the efficacy of approaches to overweight, 
obesity, and diet-related chronic disease, beyond what is known about 
approaches to preventing or reducing the predisposing factors of IUGR and 
stunting. However some systematic Cochrane reviews on interventions for 
the prevention and treatment of specific nutrition related conditions, such 
as childhood and adult obesity, diabetes, cardiovascular disease have been 
conducted (http://www.cochrane.org/reviews/en/index.html). 

KEY POINTS 
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13.5 THE EVOLUTION OF THINKING ABOUT FOOD A N D  
3 
a 

NUTRIT ION SECURITY AND NUTRITION-RELEVANT 3 

INTERVENTIONS A N D  POLICY C, 
1. 

Before the 1970s most of the international nutrition focus was on malnutri- 
tion in developing countries and control of nutrient deficiencies in devel- 
oped countries. 

1970s concerns 

The 1970s saw an increased interest in nutrition policy for developed coun- 
tries, with the growing realization that existing legislation - which was 



based on food purity and the prevention of adulteration, as rive11 as control 
of deficiencies - was not adequate to deal with the changing nature of nutri- 
tion probleisls such as chronic nutrition-related diseases, Several government 
advisory, professional and consumer bodies in the USA, UK and other coun- 
tries recommended appropriate dietary goals with the common theme of 
reducing fat, sugar and salt intake and increasing the intake of dietary fibres, 
fruit and vegetables. In contrast to policies related to undernutrition that pro- 
mote increased consumption of nutrients, the advice to reduce the intake of 
certain nutrients appeared to be a threat to some sectors of the food indus- 
try There was considerable opposition to the advice and arguments about 
the validity of the evidence on which the recommendations were based. 
Additional constraints to updating food and nutrition policy included legisla- 
tion designed to prevent adulteration and maintain quality as previously per- 
ceived, such as minimum fat levels in milk and premiums on animals with 
high fat content. However, the proposals were gradually accepted and incor- 
porated into government policies, whle  industry recognized new opportuni- 
ties in the production of foods high in fibre and low in fat, salt and sugar. 

Norway was the first developed country to have an integrated Food and 
Nutrition Policy as promoted in the World Food Conference in 1974. The UK 
and other European countries subsequently developed food and nutrition 
policies w i t h  their health and agriculture sectors. For example, in the UK 
explicit nutritional goals were set for the first time in the 1992 government 
health policy 'The Health of the Nation' which focused on five key areas for 
action: coronary heart disease and stroke; cancers; mental illness; HIV/AIDS 
and sexual health; and accidents - the first two of which are diet related. The 
diet and nutrition targets for 2005 with a ba sehe  of 1990 were to reduce: the 
average % food energy from saturated fats by at least 35% (to no more than 
11% food energy); the average % food energy from total fat by at least 12% 
(to no more than about 35% food energy); the % of men and women aged 
16-64 who are obese by at least 25% and 35% respectively (to no more than 
6% of men and 8% of women); and the % of men drinking more than 21 units 
of alcohol per week and women drlnking more than 14 units per week by 
30% (to 18% of men and 7% of women). 

By concentrating on these targets it was expected that the associated dietary 
changes and reduction in obesity would have beneficial consequences for 
such diseases as cancer, osteoarthritis, and diabetes. A Nutrition Task Force 
was set u p  to oversee implementation of action, promote coordination and 
cooperation between interested parties, and establish mechanisms for moni- 
toring and evaluating progress. On a regional basis, the WHO European 
Region prepared The First Action Plan for Food and Nutrition Policy 2000- 
2005, which included a Food and Nutrition Task Force. 

1980s concerns 

The 1980s saw greater recognition of the notion that micronutrients play a 
more general role in child survival (beyond deficiency diseases) and led to the 
promotion in developing countries of small-scale home gardening, capsule 
distribution and fortification programmes. Such programmes had been in 



use for several decades in developed countries, such as providing land for 
kitchen garden allotments, and the provision of supplements to children 
and mothers, during the cvorld wars, and the fortification of whitc flour 
with vitamins and minerals from that period. Compulsory fortification 
of margarine with vitamins A and D has existed in the UK since the 1967 
Margarine Regulations came into force in 1971. 

The 1980s formalized the notion of food insecurity as being not just about 
lack of access to food today, but also about the risk of losing access to food 
tomorrow. The risk of losing access was debilitating and also led to actions 
fashoned to cope with that risk, but which had very high costs - such as short- 
termism on the issues of natural resource mining, the over-diversification of 
income sources and the uneconomic storage of food at the household level. 
Finally, in the 1980s the importance of the triumvirate of food-care-health 
for nutrition became to be accepted. Interactions became clearer: poor quality 
drinking water could undermine household food security; without adequate 
care for mothers, children could not be breastfed; without time to undertake 
health-seekmg behaviour, preventive (and often curative) health care would 
not be accessed. 

1990s concerns 

Food safety became a major concern in the 1990s, particularly in the devel- 
oped countries. European consumers in particular, having lost faith in the 
science establishment due to their initial assurances about the lack of danger 
to human health of BSE ('mad cow disease'), have become extremely cau- 
tious about the safety of the food they purchase. They are able and willing 
to pay a premium for assurances about the food production and processes 
used. In the UK this distrust also led to a revision in government structure 
through the Food Standards Act 1999, by which agricultural and consumer 
food interests, which had been combined within the Ministry of Agriculture 
Fisheries and Food (MAFF), were separated into the Food Standards Agency 
(FSA) (www.fsa.org) to champion consumer interests, and the Department 
for the Environment Food and Rural Affairs to look after agriculture 
(www.defra.org). A similar body was established within the European 
Union in 2002, the European Food Safety Authority (www.efsa.eu.int). In 
the United States, food and nutrition are regulated by the Food and Drug 
Administration (www.fda.gov). The capacity required to adhere to the new 
food safety expectations have made it harder for developing country export- 
ers to gain market share in the developed world, harming their own food 
security through constraints on export opportunities. 

Another concern is about genetically modified (GM) foods. To date, GM 
foods have realized benefits largely for producers in terms of higher produc- 
tivity, and lower costs. Despite no obvious benefits to consumers other than 
perhaps lower prices, those in the US have been consuming GM soybean 
products for most of the 1990s. But European consumers and many in the US 
are concerned that the food safety and environmental safety issues related to 
GM foods have not been adequately researched. 

Also, in the 1990s awareness increased that pockets of food poverty still 
existed in developed countries, following the increased economic inequality 



that occurred in fhe 1980s in the TJX ancl other countries, partly due to gov- 
ernment cutbacks in welfare programmes, This led to reports and actions to 
relieve the constraints of the poor. This echoed a similar period in the United 
States in the 1940s about 'H~mger in America' which resulted in new welfare 
programmes. 

Finally, the right to food - first formalized in the 1948 Universal 
Declaration of Human Rights, and then confirmed in milestones such as the 
1966 Covenants on Civil and Political Rights and on Economic, Social and 
Cultural Rights, the 1989 Convention on the Rights of the Child, and the 
1996 World Food Summit hosted by FA0 -has come of age in the 1990s. The 
concepts are that governments have a duty to respect, protect, facilitate and 
fulfil if necessary the rights of the individual to secure adequate food and 
nutrition. 

Current concerns and emerging issues 

Globalization, namely the rapidly increasing levels of global food trade, 
financial flows, labour flows and information flows, present opportunities 
to be seized and risks to be managed in the pursuit of improved nutrition. 
Governments have to invest in infrastructure and market institutions that 
allow them to take advantage of new opportunities and they have to design 
and implement safety net programmes that protect and compensate those 
who stand to lose from more open markets. 

Urbanization is progressing rapidly throughout the world. The poor in 
urban areas are at equal risk of undernutrition as the poor in rural areas, per- 
haps more so since they have Little access to the means to produce their own 
food. Interventions that work in rural areas cannot be assumed to work as well 
in urban areas without re-design. This is because the main differences in urban 
areas - a reliance on food purchase, the large numbers of mothers working 
away from home, and water and air pollution from waste and fuels - make 
nutrition more susceptible to loss of regular employment, food price fluctua- 
tion, the quantity and quality of child care for low-income workmg mothers, 
and illnesses caused from environmental contaminants. 

The aging of the populations of all countries, a result of lower infant mor- 
tality rates and lower birth rates, places new pressure on efforts to h a n c e  
undernutrition efforts adequately through public finance due to the new 
demands for spending on overnutrition-related issues such as diabetes and 
heart disease. In most of the world life expectancy is on the rise, but in sub- 
Saharan Africa, due to WIV/AIDS, it is on the decline, along with a decline 
in nutritional status. 

The main emerging issue in the developed countries is the continued - - - 

increase in obesity, in both adults and children, with concomitant increases 
in related diseases such as diabetes. In the UK it has been recognized that 
this cannot be tackled only on the nutrition front, and the UK government 
task forces associated with the first explicit nutrition policy in 1992 included 
an activity task force. Increasing research refines the association between 
various food factors with aspects of health and so determines policy. For 

- 

example, the USA has already undertaken folate fortification of flour and the 
UK is considering doing so. 



KEY POlNTS 

13.6 INTRODUCTION TO FOOD SUPPLY 

The previous sections have outlined the extent of malnutrition through- 
out the world, its causes, and interventions used to improve nutrition. One 
of the essential factors is food supply and the following sections review food 
supply in relation to population growth in the past and predictions for the 
future, as well as factors that affect supply. 

At the 1996 World Food Summit, high-level representatives of 186 nations 
and the European Union, including over 100 heads of state and government, 
agreed to the Rome Declaration on World Food Security, which states: 

We consider it intolerable that more that 800 million people throughout 
the world, and particularly in developing countries, do not have enough 
food to meet their basic nutritional needs. This situation is unacceptable. 
Food supplies have increased substantially, but constraints on access to 
food, instability of supply and demand, as well as natural and man-made 
disasters, prevent basic food needs from being fulfilled. 

These problems persist. Although access to food is the critical problem and 
absolute food shortages are much less of a concern today than in the past, 
many analysts continue to worry that human population growth will outpace 
the earth's ability to produce adequate food supplies. This concern, voiced 
by Thomas R. Malthus in 1798, remains a preoccupation two centuries later, 
notwithstanding the successful role of science, technology, and public policy 
in addressing this dilemma in the 20th century. Growing demand for animal 
products in the developing world further fuels concern about overburdening 
the earth's 'carrying capacity'. Will technological and institutional innovation 
continue to allow food production to keep pace with population growth and 
rising food demand, as well as the environmental costs that t h s  will entail? 

Definitions related to food security 

According to one widely accepted definition: 'Food security exists when all 
people, at all times, have physical and economic access to sufficient, safe, 
and nutritious food to meet their dietary needs and food preferences for an 
active and healthy life.' 



This definition is in keeping with the principle that everyone has a right 
to adequate . food, to be free from hunger, and to enjoy general human dig- 
nity, enshrined in the International Bill of Human Rights. Food insecurit:~, 
then, is the absence of food security. Hunger, a condition in which people 
lack the basic food intake to provide them with the energy and nutrients for 
fully productive, active lives, is an outcome of food insecurity. Famine is at 
the extreme end of food insecurity, a catastrophic disruption of the social, 
economic, and institutional systems that provide for food production, distri- 
bution, and consumption. Contemporary famines stem less from crop fail- 
ure than from the political and financial failures of governments to prevent 
famine and respond effectively. The emergence of 'new-variant famines', in 
which HIV/AIDS interacts with violence, natural disaster, and/or political- 
economic failure, means that the margin for coping and recovery has nar- 
rowed greatly among vulnerable people, especially in sub-Saharan Africa. 

The availability of adequate food is a necessary condition for achieving 
food security, but it is not sufficient. Of equal importance are access to food 
and appropriate utilization of food. Even when food supplies are satisfactory, 
food insecurity may persist because people lack access, whether by means of 
production, purchase, public social safety net programmes, private charity, 
or some combination of these, to available food. In addition, people may fail 
to consume sufficient quantities of food or a balanced diet even when sup- 
plies are ample. 

z 
I- 
3 .  13.7 WORLD FOOD SUPPLY 

Past crises and their resolution 

Scholars and policy makers alike have long worried about how to balance 
food supplies with the demands of a rapidly growing population. There have 
been periodic 'food crises' over the last century where there was widespread 
concern that the world was running out of food. All have been characterized 
by rapidly increasing food prices making it hard for consumers to buy ade- 
quate quantities and quality of food. The most recent was in 2008, ascribed to 
shifts in policies of the largest food producers such as the US and EU away 
from supporting food production, which was creating excesses, to biofuel 
and the increase in oil prices. The most analysed was the food crisis in the 
late 1960s and early 1970s when analysts wrote off much of Asia as 'a hope- 
less basket case' and the threat of famine gripped West and Central Africa, 
Ethiopia, and Bangladesh. 

The Green Revolution 

In fact, food availability rose dramatically between 1970 and 1997, as 
farmers in Asia, Latin America and throughout the world widely adopted 
hgh-ylelding varieties of cereals, and governments, especially in Asia, imple- 
mented policies that supported agricultural development. The use of high 
yielding varieties and the associated package of irrigation and fertilizers has 
been designated the 'Green Revolution'. By 2002, developing-country cereal 
harvests were triple those of 40 years earlier, while the population was a little 
over twice as large. However, in sub-Saharan Africa calorie availability per 



person remained below minimum reqt~irements and was barely above the 
threshold in South Asia. 
The Green Revolution also had environmental benefits as increased yields 

alleviated the need to clear new land in order to boost production, thereby 
conserving biodiversity and limiting atmospheric releases of carbon that can 
cause global warming. At the same time, widespread planting of hgh-yielding 
varieties of cereal crops in some instances has contributed to environmen- 
tal problems, such as increased soil salinity and lowered water tables in 
irrigated areas; water, air, and soil degradation resulting from excessive agri- 
cultural input use; and human health problems due to heavy pesticide use. 
There is some evidence that increased cereal output has come at the expense 
of pulses and vegetables that could improve dietary quality. In contrast to 
cereals, there has been little research to develop yield-increasing technology 
for other crops, such as roots and tubers. However, the Green Revolution is 
one example of the ability of suitable agricultural policies and technology to 
address food needs. 

Future supply outlook 

According to projections to the year 2020 by the International Food Policy 
Research Institute (IFPRI), aggregate global food supplies are expected to 
remain adequate, despite the growth in the world population - which is 
expected to increase by nearly 30% between 2000 and 2025, from 6.1 billion to 
7.9 billion. Daily calorie availability per person is projected to exceed minimum 
requirements in all regions, although only barely so in sub-Saharan Africa. 

Constraints on production 

Commercial agriculture by definition produces a large proportion of the 
world food trade, largely in cereals, but much of the total world food pro- 
duction is by small farmers in developing countries who face many problems 
in their struggle for sustainable livelihoods. These include socioeconomic, 
political, agro-ecological, and health constraints. 

Among the socioeconomic and political limitations on food production are 
public policies and investments that are biased against poor farmers and con- 
sumers, women, and less-favoured areas; inadequate mfrastructure; inequita- 
ble access to land and other critical resources; poorly functioning and poorly 
integrated markets; and lack of access to credit and technical assistance. 

Agro-ecological constraints include low soil fertility and lack of access to 
plant nutrients, along with variable weather and acid, salinated, and water- 
logged soils that contribute to low yields, production risks, and natural 
resource degradation. Losses to pests reduce potential farm output value 
by 50%. Unless properly managed, fresh water may well emerge as the key 
constraint on global food production. Although there is disagreement among 
scientists and policy makers over global climate change, there is consensus 
that it is leading to higher average temperatures and sea levels and to less 
stable weather patterns, with the probability of more frequent and severe 
droughts and flooding. Many of the poorest countries are extremely vulner- 
able. Drier soils and heat could also reduce crop production in some parts 



of the North American 'breadbasket'. Agriculh~re accoimts for about 20% of 
the 'greenhouse gases' that lead to warming, but wcreased lexrels of carbon 
dioxide, which contribute to global warming, also lead to improvements in 
plant growth. 

Health constraints include infectious disease, which has a significant 
bearing on food production, especially in sub-Saharan Africa. About 36 mil- 
lion people are currently living with HIV/AIDS, two-thrds of them in sub- 
Saharan Africa, and it is spreading dramatically in Asia. It has contributed to 
labour shortages, a decline in the transfer of farmer knowledge across gen- 
erations, weaker collective action, weaker property rights, a declining asset 
base, breakdown of social bonds, loss of livestock, and reliance on crops that 
are easier to produce but less nutritious and economically valuable. Because 
malaria often strikes during harvest time, it also threatens food output. 
New cultivation technologies and varieties need to be developed that do 
not rely so much on labour, yet allow crops to remain drought-resistant and 
nutritious. 

13.8 WORLD FOOD DEMAND 

Food demand derives primarily from income growth, population growth 
and urbanization. When people move to cities, their lifestyles become more 
sedentary, and women experience higher opportunity costs on their time. As 
a result, urban dwellers tend to shift consumption to foods that require less 
preparation time, and to more meat, milk, fruit, vegetables, and processed 
foods. IFPRI projects a 49% increase in cereal demand in developing coun- 
tries between 1997 and 2020. There will be an increased demand for meat 
and the feed to produce it. The United States and European Union will boost 
their exports to fill in the gap. 

I 
V 13.9 GLOBALIZATION, INTERNATIONAL TRADE A N D  
i 
a FOOD SECURITY 

Globalization is the term applied to the growing integration of global mar- 
kets for goods, services and capital, resulting in part from technological - 
developments in transportation, information, and communications. The vol- 
ume of the global cereal trade, the most important agricultural commodity, 
more than doubled during 1967-97, led by developing-country imports of 
wheat for food and maize for feed. Developed countries (mainly the United 

- 

States, European Union, and Australia) heavily dominate world export sales, 
along with a handf~~l  of developing countries (mainly Argentina, with India, 
Thailand, and Vietnam lagging far behind). 

The World Trade Organization (WTO) was established in 1994 from the 
General Agreement on Tariffs and Trade (GATT) with the aim to liberalize 
world trade. With the strong encouragement of aid donors many developing 
countries have responded t i  the WTO Agreement on Agriculture and have 
liberalized food and agricultural trade. But the developed countries have 
not reciprocated, instead maintaining barriers to high-value imports from - 
developing countries such as beef, sugar, groundnuts, dairy products, and 
processed goods. Developed countries' own domestic farm subsidies, such 



as those of the European Union (EU) Common Agricultural Policy (CAP), 
which exceed six times the level of development assistance, have depress- 
ing effects on world prices, mahng developed-country exports cheaper than 
domestic produce and export crops in many developing countries. The effect 
of current trade agreements is likely to be adverse for most African countries 
whose share of world agricultural trade continues to decline rapidly 

Another aspect of food globalization is the expansion of developed-coun- 
try supermarkets (particularly European chains) in developing countries. 
Issues related to this development include whether poor farmers will be able 
to meet quality standards and whether large-scale food marketing will meet 
the needs of poor consumers in terms of both aftordability and accessibility. 

13.10 THE POTENTIAL OF MODERN AGRICULTURAL 
BIOTECHNOLOGY FOR FOOD SECURITY 

Agricultural research that is publicly funded and generally carried out by 
national government agencies or international organizations played a criti- 
cal role in the success of the Green Revolution. The public sector has funded 
virtually all of the research on so-called 'orphan crops', ie crops widely con- 
sumed by poor people but for which markets are poorly developed and offer 
little profit potential, eg cassava, varieties of beans such as cowpeas, and 
coarse grains such as millet. The private sector, in contrast, focuses on agri- 
cultural research for which there is a market and profit potential, eg hybrid 
maize, soybeans, and fruits and vegetables that are traded internationally. 

Rapid changes in the organization of agricultural research, and the pro- 
prietary nature of the agricultural sciences, are placing an increasing share of 
agricultural research and the ownership of new technologies in the private 
domain, raising concerns about the extent to which agricultural research and 
development will help eliminate hunger for the world's poor people in the 
decades to come. Public investment in agricultural research that can improve 
small farmers' productivity in developing countries is especially important 
for food security. Nevertheless, between 1990 and 2000, donors' support for 
international agricultural research centres declined about 10% in real terms. 

Modern agricultural biotechnology offers many potential benefits to 
developing countries. These include help to: achieve the productivity gains 
needed to feed a growing global population; introduce resistance to pests 
and diseases without high-cost purchased inputs; heighten crop tolerance 
to adverse weather such as drought and soil conditions such as salinity; 
improve the nutritional value of some foods with, for example, hgher levels 
of vitamin A or iron; and enhanced durability of products during harvest- 
ing or shipping - as well as the production of edible vaccines. These could 
reduce the need to cultivate new lands, help conserve biodiversity, and 
reduce reliance on pesticides, thereby reducing farmers' crop protection costs 
and benefiting both the environment and public health. 

Except for limited work on rice and cassava, Little GM crop research cur- 
rently focuses on the productivity and nutrition of poor people. In 2002, North 
America accounted for 72% of GM crop plantings, with the United States 
alone accounting for 66%. Additional public and philanthropic resources are 
needed in support of the appropriate research in developing countries. 



Successful adaptation of GWi crop technology for the benefit of poor farm- 
ers and consumers in developing co~mtries will require the establishment 
of appropriate institutions to assess and manage public health and environ- 
mental risks. Developing countries that wish to adopt GM crop technology 
will need to enact and enforce an appropriate intellectual property rights 
regime. Poor farmers in developing countries often rely on seed saved from 
the current year's harvest for planting their next crop. Private companies that 
have developed GM seeds generally subject them to patents or other forms 
of intellectual property rights protection. Thus, developing countries need 
legislation that can balance the desire of seed companies to profit from their 
innovations with the continuing ability of poor farmers to save, reuse, and 
exchange seed. 

Given consumer resistance to GM food in the European Union and Japan, 
developing countries that rely on those markets for agricultural exports 
would either need to avoid using biotechnology, or would have to adopt 
and manage a system to differentiate and label GM and non-GM foods. A 
large share of the food imported by developing countries originates in the 
United States, and these importing countries must decide whether they wish 
to insist on product differentiation and labelling in the case of imported food. 
Rejection of GM crops in Europe and Japan may make such crops cheaper for 
developing country importers that are willing to purchase them. 

I- z 
I- 13.1 1 CONCLUSIONS 

Accelerated progress toward sustainable food security will depend upon 
the willingness of developing and developed country governments, interna- 
tional aid agencies, non-governmental organizations, business and industry, 
and individuals to back their anti-hunger rhetoric with action, resources, and 
changes in behaviour and institutions. 
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Appendix I : 
Glossary 

acetyl CoA An important molecule in 
metabolism, acetyl CoA plays a role in many 
biochefical reactions. The main one is to 
transport carbon atoms within the acetyl 
EroUD to the tricarboxvlic cvcle to be used in - .  2 ,  

energy production 
achlorhydria Deficiency of hydrochloric acid in 

gastric digestive juice 
acrylamide A chemical that can be generated 

when the amino acid asparagine is heated 
above 100°C in the presence of sugars 

additive Any compound not commonly 
regarded or used as a food which is added to 
foods as an aid in manufacturing or processing. 
or to improve the keeping properties, flavour, 
colour, texture, appearance, or stability of the 
food, or as a convenience to the consumer. The 
term excludes vitamins, minerals, and other 
nutrients added to enrich or restore nutritional 
value., Herbs, spices, hops, salt, yeast, or 
protein hydrolysates, air and water are usually 
excluded from this definition 

adenosine triphosphate (ATP) The coenzyme 
that acts as an intermediate between 
energy-yielding (catabolic) metabolism (the 
oxidation of metabolic fuels) and energy 
expenditure as physical work and in synthetic 
(anabolic) reactions. See energy metabolism 

adipocyte A fat-containing cell in adipose tissue 
adipose tissue Body fat storage tissue, distributed 

under the skin, around body organs and in 
body cavities -composed of cells that synthesize 
and store fat, releasing it for metabolism in 
fasting Also known as white adipose tissue, 
to dis&pish it from the metaboiically more 
active brown adiuose tissue, which is involved 
in heat productidn to maintain body 
temperature. The energy yield of adipose 
tissue is 34-38MJ (8000-9000kcal) per kg 

adulteration The addition of substances to 
foods etc. in order to increase the bulk and 
reduce the cost, with intent to defraud the 
purchaser 

aerobic (1) Aerobic microorganisms (aerobes) 
are those that require oxygen for growth; 
oblizate aerobes cannot survive in the absence 
of oSygen. The opposite are anaerobic 
organisms, which do not require oxygen for 

growth; obligate anaerobes cannot survive in 
the presence of oxygen. (2) Aerobic exercise 
is physical activity that requires an increase 
in heart rate and respiration to meet the 
increased demand oi muscle for oxygen, as 
contrasted with maximum exertion or sprinting, 
when muscle can metabolize anaerobically 

AIDS Acquired immune deficiency syndrome; 
see HIV 

albumin (albumen) A group of relatively small 
water-soluble proteins: ovalbumin in egg-white, 
lactalburnin in mdk; plasma or serum albumin 
is one of the major blood proteins, which 
transports certain metabolites including 
non-esterified fatty acids in the bloodstream. 
Serum albumin concentration is sometimes 
measured as an index of protein ene rn  -, 
malnutrition. Often used as a non-specific 
term ior proteins (ec albuminuria is the . - 
excretion of proteins in the urine) 

alcohol Chemically, alcohols are compounds 
with the general formula C,H(,,,,)OH. The 
alcohol in alcoholic beverages is ethyl alcohol 
(ethanol, C2H50H) 

aldosterone A steroid hormone secreted by the 
adrenal cortex; controls the excretion of salts 
and water by the kidneys 

allergen A chemical compound, commonly 
a protein, which causes the production of 
antibodies, and hence an allergic reaction 

allergy Adverse reaction to foods caused by the 
production of antibodies 

amino acids The basic units from wluch 
proteins are made. Chemically compounds 
with an amino group (-%+) and a carboxyl 
group (--COO-) attached to the same carbon 
atom 

amylases Enzymes that hydrolyse starch. 
a-Amylase (dextrinogenic amylase or diastase) 
acts to produce small dextrin fragments from 
starch, while P-amylase (maltogenic amylase) 
liberates maltose, some free glucose, and 
isomaltose from the branch points in 
amylopectin. Salivary and pancreatic 
amylases are or-amylases 

anaemia A shortage of red blood cells, leading 
to pallor and shortness of breath, especially 
on exertion. Most commonly due to a dietary 



deficiency of iron, or excessive blood loss. 
Other dietary deficiencies can also result in 
anaemia, including deficiency of vitamin B,2 
or folic acid (megaloblastic anaemia), vitamin 
E (haemolytic anaemia), and rarely vitamin C 
or vitamin B6 

anaerobes Microorganisms that grow in the 
absence of oxygen. Obligate anaerobes cannot 
survive in the presence of oxygen, facultative 
anaerobes grow in the presence or absence of 
oxygen 

angina (angina pectoris) Paroxysmal thoracic 
pain and choking sensation, especially during 
exercise or stress, due to partial blockage of a 
coronary artery (blood vessel supplying the 
heart), as a result of atherosclerosis 

anorexia nervosa Apsychological disturbance 
resulting in a refusal to eat, possibly with 
restriction to a very limited range of foods, - 
and often accompanied by a rigid programme 
of vioorous phvsical exercise, to the pomt of 
exhaktion. i h e  result is a very considerable 
loss of weieht, with tissue atrophv and a fall in 
basal metagolic rate. It is espec;afiy prevalent 
among adolescent oirls; when body weiaht 
falls hilow about 45kg there is a cessatio;? of 
menstruation 

anthropometry Body measurements used as 
an index of ohvsioloaical deveio~ment and . , - 
nutritional staMs; a non-invasive way of 
assessing body composition. Weight for age 
provides information about the overall 
nutritional status of children; weight for height 
is used to detect acute malnutrition (wasting); 
height for age to detect chronic malnutrition 
(stunting). Mid-upper arm circumference 
provides an index of muscle wastage in 
undernutrition. Skinfold thickness is related to 

arm, chest, hip index (ACH index) A method 
of assessing nutritional status by measuring 
the arm circumference, chest diameter, and 
hip width 

ascorbic acid Vitamin C, chemically 
L-xyloascorbic acid, to distinguish it from the 
isomer D-araboascorbic acid (isoascorbic acid 
or erythorbic acid), which has only slight 
vitamin C activity 

asthma Chronic inflammatory disease of the 
airways which renders them prone to narrow 
too much. The symptoms include paroxysmal 
coughing, wheezing, tightness and 
breathlessness. Asthma may be caused by an 
allergic response or may be induced by 
non-immunological mechanisms 

atherosclerosis Degenerative disease in which 
there is accumulation of lipids, together with 
complex carbohydrates and fibrous tissue 
(atheroma) on the inner wall of arteries. This 
leads to narrowing of the lumen of the arteries 

atrophy Wasting of normally developed tissue 
or muscle as a result of disuse, ageing or 
undernutrition 

basal metabolic rate (BMR) The energy cost 
of maintaining the metabolic integrity of the 
body, nerve and muscle tone, respiration and 
circulation. For children it also includes the 
energy cost of growth. Experimentally, BMR 
is measured as the heat output from the body, 
or the rate of oxygen consumption, under 
strictly standardized conditions, 12-14 hours 
after the last meal, completely at rest (but not 
asleep) and at an environmental temperature 
of 26-3O0C, to ensure thermal neutrality 

bile Alkaline fluid produced by the liver and 
stored in the gall bladder before secretion into 
the small intestine (duodenum) via the bile 

antibody Immunoglobulin which specifically 
counteracts an antigen or allergen (see allergen) 

antigen Any compound that is foreign to the 
body (eg bacterial, food, or pollen proteins 
or complex carbohydrates) whch, when 
introduced into the circulation, stimulates 
the formation of an antibody 

antioxidant A substance that retards the 
oxidative rancidity of fats in stored foods. 
Many fats, and especially vegetable oils, , - 
contain naturally occurring antioxidants, 
includine vitamin E, which protect them - 
against rancidity for some time 

antioxidant nutrients Hiahly reactive oxyeen - .  . - 
radicals are formed during normal 
metabolism and in response to infection and 
some chemicals. They cause damage to fatty 
acids in cell membranes, and the products of 
this damage can then cause damage to proteins 
and DNA. A number of different mechanisms 
are involved in protection against, or repair 
after, oxygen radical damage, including a 
number of nutrients, especially vitamin E, 
carotene, vitamin C, and selenium. Collectively 
these are known as antioxidant nutrients 

apoptosis In multiceilular organisms, a series of 
biochemical events leading to a characteristic 
cell morphology and death. It is signalled by 
the nuclei in normally functioning human 
and animal cells when the cell's health or age 
dictates. 

,.L . A 

cholesterol 
bilirubin, biliverdin The bile pigments, formed 

by the degradation of haemoglobin 
binge-purge syndrome A feature of the eating 

disorder bulimia nervosa, characterized by the 
ingestion of excessive amounts of food and the 
excessive use of laxatives 

biotin A vitamin, sometimes known as vitamin 
H, required for the synthesis of fatty acids and 
glucose, among other reactions, and in the 
control of gene expression and cell division 

blood sugar Glucose; normal concentration is 
about 5mmol(90mg)/L, and is maintained 
in the fasting state by mobilization of tissue 
reserves of glycogen and synthesis from amino 
acids. Only in prolonged starvation does it fall 
below about 3.5mmol (60mg)/L. If it falls to 
2mmol(35mg)/L there is loss of consciousness 
(hypoglycaemic coma) 

body mass index (BMI) An index of fatness 
and obesity The weight (in kg) divided by 
the square of height (in metres). The acceptable 
(desirable) range is 20-25. Above 25 is 
overweight, and above 30 is obesity Also 
called Quetelet's index 

bulimia nervosa An e a h g  &sorder, characterized 
by powerful and intractable urges to overeat, 
followed by self-induced vomiting and the 
excessive use of purgatives 

cachexia The condition of extreme emaciation 
and wasting seen in patients with advanced 



cancer and AIDS. Due partlv to an inadequate 
intake of food and ma&ly &e effects of tge 
disease m increasinr metabolic rate 
(hypermetabolism) l n d  the breakdown of 
tissue protein 

calorie Aunit of energy used to express the 
energy yield of foods and energy expenditure 
by the body; the amount of heat required to 
raise the temperature of 1 g of water through 
1°C (from 14.5 to l5.5"C). Nutritionally the 
kilocalorie (1000 calories) is used (the amount 
of heat required to raise the temperature of 
1 kg of water through lac), and is abbreviated 
as either kcal or Cal to avoid confusion with 
the cal. The calorie is not an SI unit, and 
correctly the Joule is used as the unit of 
energy, although kcal is widely used. 
lkcal = 4.18kJ; 1kJ = 0.24kcal 

calorimetrl The measurement of enerry 
expenditure by the body Direct calor~&~etry 
is the measurement of heat output from the 
body, as an index of energy expenditure, and 
hence requirements 

carbohydrate The major food source of 
metabolic energy, the sugars and starches. 
Chemically they are composed of carbon, 
hydrogen, and oxygen in the ratio C,:Hh:O, 

carboxv~e~tidase An enzvme secreted in the .. . 
pancreatic juice which hydrolyses amino acids 
from the carboxyl terminal of proteins 

carcinogen A substance that can induce cancer 
caries Dental decay caused by attack on the 

tooth enamel by acids produced by bacteria 
that are normally present in the mouth 

carnitine A derivative of the amino acid lysine, 
required for the transport of fatty acids &to 
mitochondria for oxidation 

carotenes The red and orange pigments of 
plants; all are antioxidant nutrients. Three 
are important as precursors of vitamin A: 
m-, 0- and y-carotene 

catabolism Those ~a thwavs  of metabolism 
concerned with &e breaidown and oxidation 
of fuels and hence vrovision of metabolic 
energy People who are undernourished or 
suffering from cachexia are sometimes said 
to be in a catabolic state, in that they are 
catabolizing their body tissues, without 
replacing them 

catalase A n  enzyme that splits hydrogen peroxide 
to yield oxygen and water; an important part 
of the body's antioxidant defences 

cereal Any grain or edible seed of the grass 
family which may be used as food; eg 
wheat, rice, oats, barley, rye, maize, and 
millet. Collectively known as corn in the UK, 
although in the USA corn is specifically maize 

choiecalciferol Vitamin D 
cholecystokinin Hormone that stimulates gall 

bladder and pancreatic secretion 
cholesterol The principal sterol in animal 

tissues, an essential component of cell 
membranes and the vrecursor of the steroid 
hormones. Not a dietary essential, since it is 
svnthesized in the body 

chromosome Collection of genes packaged with 
histone proteins found in the nucleus of cells; 
humans have 23 pairs 

chronic energy deficiency A term recently 
introduced to describe adult malnutrition. 

Commonly defined by wasting or a low 
body mass index (see also protein cnergy 
malnutrition - ?EM) 

may be effected by heat, strong acids and 
alkalis, metals, and other chemicals. The h a 1  
stage in blood clotting is the precipitation 
of insoluble fibrin, formed from the soluble 
plasma protein fibrinogen 

cobalamin Vitamin B,, 
coeliac disease Intolerance of the proteins of 

wheat, rye, barley and sometimes oats; specifi- 
cally, the gliadin fraction of the protein gluten. 
Tne villi of the small intestine are severely 
affected and absorption of food is poor. Stools 
are bulky and fermenting from unabsorbed 
carbohydrate, and contain a large amount of 
unabsorbed fat (steatorrhoea) 

colitis Inflammation of the large intestine, with 
pain, diarrhoea and weight loss; there may 
be ulceration of the large intestine (ulcerative 
colitis) 

collagen Insoluble protein in connective tissue, 
bones, tendons, and skin of animals and fish; 
converted into the soluble protein, gelatine, by 
moist heat 

Committee on Medical As~ects of Food Policy 
(COMA) Previous name for the 
Advisory Committee to the UK De~artment 
of ~ e a l t h ,  now called the scientific'~dvisory 
Committee on Nutrition (SACN) 

C-reactive protein Amarker of inflammation, 
CRF can rise up to 50,000-fold in acute 

infarction 
creatine A derivative of the amino acids glycine - ,  

and arginine, important in muscle as a store of 
phosphate for resvnthesis of ATP d u i n r  muscle 

u 

'congaction and Gork (see ATP) 
cretinism Underactivity of the thyroid gland 

(hypothyroidism) in duldren, resulting in 
poor growth, severe mental retardation and 
deafness 

Crohn's disease Chronic inflammatory disease 
of the bowel, of unknown origin, also known 
as regional enteritis, since only some regions of 
the gut are affected 

cystic fibrosis A genetic disease due to a failure 
of the normal transport of chloride ions across 
cell membranes. This results in abnormally 
viscous mucus, affecting especially the lungs 
and secretion of pancreatic iuice, hence 
impairing digestion 

deoxyribonucleic acid (DNA) The genetic 
material in the nuclei of all cells. A linear 
polymer composed of four h d s  of 
L ,  

deoxyribose iucleotide, adenine, cytosine, 
guanine and thymidine (A, C, G and T), linked 
by phosphodiester bonds, that is the carrier of 
genetic information. In its native state DNA is a double helix 

Department of the Environment, Food and Rural 
Affairs (DEFRA) website http://www.defra. 
eovuk 

dermatitis Alesion or mflammation of the skin; 
many nutritional deficiency diseases include 
more or less specific skin lesions, but most 
cases of dermatitis are not associated with 



nutritional deficiency, and do not respond to 
nutritional supplements 

dextrcsz Alternative name for glucose. 
Commercially the term 'glucose' is often used 
to mean corn s ~ m p  (a mixiure of glucose with 
other sugars and dexhins) and pure glucose is 
called dextrose 

diabetes insipidus A metabolic disorder 
characterized by extreme thirst, excessive 
consumution of liquids and excessive 
urination, due to fiilure of secretion of the 
antidiuretic hormone 

diabetes rnellitws Ametabolic disorder 
involving impaired metabolism of glucose due 
to either failure of secretion of the hormone 
insulin (insulin-dependent or type I diabetes) . . 
or impaired responses of tissues to insulin 
(non-insulin-dependent or t w e  I1 diabetes) , . 

dietary fibre Material mostly derived hom 
plant cell walls which is not digested by 
human digestive enzymes; a large proportion 
consists of non-starch polysaccharides 

dietary reference values (DRV) A set of 
standards of the amounts of each nutrient 
needed to maintain good health. People differ 
in the daily amounts of nutrients they need; 
for most nutrients the measured average 

u 

requirement plus 20% (statistically 2 standard 
deviations) takes care of the needs of nearly 
everyone and in the UK this is termed 
reference nutrient intake IRNII. elsewhere , ,. 
known as recommended daily allowances or 
intakes (RDA or RDI), population reference 
intake (PRI), or dietary reference intake (DRI). 
This figure is used to calculate the needs of 
large groups of people in institutional or 
community planning. Obviously some people 
require less than the average (up to 20% or 
2 standard deviations less). This lower level 
is termed the lower reference nutrient intake. 
I 1 < \ 1  !I. .. Lnc,!\.i~ .I- -I . . .  I i l t lunnrn ,a:< Lnrih:, 
I ,  r . h r .  . I I IFI-, 1, 

an intake at or below which it is unlikely that 
normal health could be maintained. If the diet 
of an individual indicates an intake of any 
nutrient at or below LRNI then detailed 
investigation of his/her nutritional status 
would be recommended. For energy intake 
only a single dietary reference value is used, 
the average requirement, because there is 
potential harm (of obesity) from ingesting 
too much 

dietitian (UK), dietician (US) One who applies 
the principles of nutrition to the feeding of 
individuals and groups; plans menus and 
special diets; supervises the preparation and 
serving of meals; instructs in the principles of 
nutrition as applied to selection of foods 

digestibility The proportion of a foodstuff 
absorbed from the dieestive tract into the - 
bloodstream, normally 90-95%. It is measured 
as the difference between intake and faecal 
output, with allowance being made for that 
part of the faeces that is not derived from 
undigested food residues (shed cells of the 
intestinal tract, bacteria, residues of digestive 
juices) 

disaccharides Sugars composed of two 
monosaccharide units; the nutritionally 
important disaccharides are sucrose, lactose, 
and maltose. See carbohydrate 

diverticular disea5s Diverticulosis is the 
presence of pouch-like hernias (diverticula) 
through the muscle layer of the colon,. 
associated with a low intake of dietary fibre 
and h g h  intestinal pressure due to straining 
during defecation. Faecal matter can he 
trapped in these diverticula, causing them to 
become inflamed, causing pain and diarrhoea, 
the condition of diverhculitis 

eicosanoids Compounds formed in the body 
from long-chain ~olvunsaturated fattv acids u 

(eicosaenoic acid;, mainly arachidonk acid), 
formed by cyclo-oxygenase or lipoxy, ~enase,  
including the prostaglandins, prostacyclins, 
thromhoxanes, and leukotrienes, all of whch 
act as local hormones and are involved in 
inflammation, platelet aggregation, and a 
variety of other functions 

electrolytes Chemiiallv salts that dissociate 
in solution and will carry an electric current; 
clinically used to mean the mineral salts of 
blood piasma and other body fluids, especially 
sodium and potassium 

emaciation Extreme thinness and wasting, 
caused by disease or undernutrition 

endocrine zlands Ductless zlands that produce 
and secrete hormones. SO& respond b i r e c t ~ ~  
to chemical chanues in the bloodstream; 
others are controhd by hormones secreted by 
the pituitary gland, under the control of the 
hypothalamus 

energy The ability to do work. The SI unit of 
energy is the joule, and nutritionally relevant 
amounts of energy are kilojoules (kJ, 1000J) 
and megajoules (MJ, 1,000,000J) 

energy metabolism The various reactions 
involved in the oxidation of metabolic fuels 
(mainly carbohydrates, fats, and proteins), to 
Drovide enerev (linked to the formation of ATP -, , 
(adenosine triphosphate) from ADP (adenosine 
diphosphate) and phosphate ions) 

epidemiology the study of the distribution and 
causes of disease in populations 

ergocalciferol Vitamin D, 
essential fatty acids (EFA) Polyunsaturated 

fatty acids of the n-6 (linoleic acid) and n-3 
(linolenic acid) series, which are essential 
dietaw components because they cannot be 
synthesized;n the (human) body They are 
essential comoonents of cell membranes; they 
are also precursors of prostaglandins, 
urostacvclins and related hormones and 
signalling molecules 

European Food Safety Authority (EFSA) 
website http://wwefsa.ei.int 

European Society for Parenteral and Enteral 
Nutrition (ESPEN) website httu://www. 
espen.org 

famine A catastrophic disruption of the social, 
economic, and institutional systems that 
provide for food production, distribution, 
and consumption 

fasting Going without food. The metabolic 
fasting state b e p s  some 4 hours after a meal, 
when the digestion and absorption of food is 
complete and body reserves of fat and glycogen 
begin to be mobilized 

fat Chemically, fats (or lipids) are substances 
A .  

that are insoiuble in water but soluble in 
organic solvents such as ether, chloroform, and 



benzene, and are actual or potential esters of 
fatty acids. The term includes triacylglycerols 
(higlycerides), phospholipids, waxes, and 
sterols. In more general use the term 'fats' 
refers to the neutral fats whch  are 
triacylglycerols, mixed esters of fatty acids 
with glycerol; see fatty acids 

fatty acids Organic acids consisting of carbon 
chains with a carboxyl group at the end. The 
nutritionally important fatty acids have an 
even number of carbon atoms. In addition to 
their accepted names, fatty acids can be named 
by a shorthand giving the number of carbon 
atoms in the molecule (eg ClB), then a colon 
and the number of double bonds (eg C18:2), 
followed by the position of the first double 
bond from the methyl end of the molecule as 
n- or w (eg C18:2 n-6, or C18:2 w6) 

fibre, dietary See dietary fibre 
fluorosis Damage to teeth (white to brown 

mottling of the enamel) and bones caused by 
an excessive intake of fluoride 

Food and Agriculture Organization of the United 
Nations (FAO) Founded in 1943; headquarters 
in Rome. Its goal is to achieve freedom from 
hunger worldwide. According to its constitution 
the specific objectives are 'raising the levels 
of nutrition and standards of living . . . and 
securing improvements in the efficiency of 
production and distribution of all food and 
agricultural products'; website http://www 
fao.org 

Food and Drug Administration (FDA) US 
government regulatory agency; website 
http://wwwfda.gov; website for FDA 
consumer magazine http://www.fda. 
gov/fdac 

food chain Tne chain between green plants (the 
primary producers of food energy) through 
a sequence of organisms in which each eats the 
one below it in the chain, and is eaten in turn 
by the one above. Also used for the chain of 
events from the original source of a foodstuff 
(from the sea, the soil, or the wild) through all 
the stages of handling until it reaches the table 

food, foodstuffs Any solid or liquid material 
consumed by a living organism to supply 
energy, build and replace tissue, or participate 
in such reactions. Defined by the FAO/WHO 
Codex Alimentarius Commission as a substance, 
whether processed, semi-processed, or raw, 
which is intended for human consumption 
and includes drink, chewing gum, and any 
substance that has been used in the manufacture, 
preparation, or treatment of food but does 
not include cosmetics, tobacco, or substances 
used only as drugs. Defined in EU directives 
as products intended for human consumption 
in an unprocessed, processed, or mixed state, 
with the exception of tobacco products, 
cosmetics, and pharmaceuticals 

Food and Nutrition Information Center (FNIC) 

" 
website http:/ /www.nal.usda.gov/fnic 

food science The study of the basic chemical, 
physical, biochemical, and biophysical properties 
of foods and their constituents, and of changes 
that these may undergo during handling, 
preservation, processing, storage, distribution, 
and preparation for consumption 

faad security When all people, at all times, have 
physical and economic access to sufficient, 
safe, and nutritious food to meet their dietary 
needs and food preferences for an active and 
healthy life. Food security requires more than 
just adequate food availability; it is also a 
matter of access to the food that is available 
and appropriate utilization 

Food Standards Agency (FSA) Permanent 
advisory body to UK Parliament throueh 
Health ~in is ters ,  established in 2000 toYprotect 
the oublic's health and consumer interests in 
relation to food; website h t t p : / / m . f o o d .  
govuk 

food technology The application of science 
and technology to the treatment, processing, 
preservation and distribution of foods. Hence 
the term food technologist 

fructose Also known as fruit surar or laevulose. " 
A six-carbon monosaccharide sugar (hexose) 
differing from glucose in containing a ketone 
group (on carbon-2) instead of an aldehyde 
group (on carbon-1) 

fruitarian A person who eats only fruits, nuts, 
and seeds; an extreme form of vegetarianism 

functional foods Foods eaten for specified 
health purposes because of their (rich) content 
of one or more nutrients or non-nutrient 
substances which may confer health benefits 

gene Physical and functional unit of heredity It 
is the entire DNA sequence necessary for the 
synthesis of a functional polypeptide or RNA 
molecule; see DNA, RNA 

gene expression Overall process by which 
information encoded by a gene is converted to 
an observable phenotype, usually in the form 
of a protein 

genome The complete genetic information of 
an organism 

genomics The study of the structure and function 
of genes 

glucagon A hormone secreted by the a-cells of 
the pancreas which causes an increase in blood 
glucose by increasing the breakdown of liver 
glycogen and stimulating gluconeogenesis 

gluconeogenesis The synthesis of glucose from 
non-carbohydrate precursors, such as glycerol, 
lactate, and a variety of amino acids 

glucose A six-carbon monosaccharide sugar 
(hexose), with the chemical formula C6H1206, 
occurring free in plant and animal tissues and 
formed by the hydrolysis of starch and glyco- 
gen. Also known as dextrose, grape sugar and 
blood sugar 

glucosinolates Substances occurring widely 
in plants of the genus Brassica (eg broccoli, 
Brussels sprouts, cabbage); broken down by 
the enzyme myrosinase to yield, among other 
products, the mustard oils that are responsible 
for the pungent flavour (especially in mustard 
and horseradish). There is evidence that the 
various glucosinolates in vegetables may have 
useful anti-cancer activity, since they increase 
the rate at which a variety of potentially toxic 
and carcinogenic compounds are conjugated 
and excreted 

gluten The protein complex in wheat, barley, 
rye and to a lesser extent oats, which gives 
dough the viscid property that holds gas when 
it rises. There is none in oats, barley, or maize. 



It is a mixture of two proteins, ghsdin and 
glutelin Allergy to, or intolerance of, gliadin 
gluten is coeliac disease 

giycaemir: index The ability of a carbohydrate 
to increase blood glucose, compared with an 
equivalent amount of glucose. Glycaernic load 
is the product of multiplying the amount of 
carbohydrate in the food by the glycaemic 
index 

glycogen The storage carbohydrate in the liver 
and muscles, a branched polymer of glucose 
units 

glycogenolysis The breakdown of glycogen 
to glucose for use as a metabolic fuel and to 
maintain the normal blood concentration of 
glucose in the fasting state. Stimdated by the 
hormones glucagon and adrenaline 

glycolysis The first sequence of reactions in 
nlucose metabolism, leadinn to the formation 
u " 
of two molecules of pyruvic acid from each 
glucose molecule 

goitre Enlargement of the thyroid gland, seen 
as a swelling in the neck; may be hypothyroid, 
with low production of hormones, euthyroid 
(normal levels of the hormones) or 
hyperthyroid 

goitrogens Substances found in foods 
(especially Brassica spp. but including also 
groundnuts, cassava, and soya bean) which 
interfere with the synthesis of thyroid 
hormones (glucosinolates) or the uptake of 
iodide into the thyroid gland (thiocyanates), 
and hence can cause goitre, especially when 
the dietary intake of iodide is marginal 

~ o m e z  classification One of the earliest systems 
for classifying protein energy malnutrition 
in children, based on percentage of expected 
weirht for ace: over 90% is normal. 76-90% u " 
is mild (first degree) malnutrition, 61-75% 
is moderate (second degree) malnutrition 
and less than 60% is severe (third degree) 
malnutrition 

to uric acid, or to impaired excretion of uric acid 
green revolution A process in which cereal crop 

vields increased as a result of farmer adontion 
of hieh yielding varieties bred at international 
agricil&ral research centres and adapted 
to local conditions at national agricultural 
research institutions. Planting of these varieties 
has coincided with expansion of imrated area - 
and fertilizer use 

growth hormone Somatotrophin, a peptide 
hormone secreted by the pituitary gland that 
promotes growth of bone and soft tissues. It 
also reduces the utilization of glucose, and 
increases breakdown of fats to fatty acids; 
because of this it has been promoted as an aid 
to weight reduction, with little evidence of 
efficacy Sometimes abbreviated to HGH 
(human erowth hormone); rrowth hormone 

u .. u 

from other mammals differs in structure and 
activity 

haem The iron-containing pigment which forms 
the oxygen-binding site of haemoglobin and 
myoglobin. It is also part of a variety of other 
proteins, collectively known as haem proteins, 
including the cytochromes; see haemoglobin 

haernachramaiosis Iron overload. excessive 

absorption and storage of iron in the body, 
commonlv the result of a nenetic defect. In " 
most cases it is caused by a recessive gene 
ie it ran only be passed on if both parents 
are carriers of the gene predisposing to the 
disorder. Around one in seven people in 
northern Europe are carriers of the recessive 
gene. Homozygotes are susceptible to iron 
toxicity from high absorption of dietary iron 
which can lead to tissue damage (including 
liver cancer, heart disease and diabetes) and 

treated by regular venesection, a procedure 
similar to blood donation, where around 
500ml of blood is removed 

haernonlobin The red haem-containing protein 
in red blood cells which is responsibGior the 
transuort of oxvren and carbon dioxide in the . 
bloodstream 

halai Food conforming to the Islamic (Muslim) 
dietary laws. Meat from permitted animals (in 
general rrazinr animals with cloven hooves, 
and thu~exclucding pig meat) and birds 
iexcludinn birds of prev). The animals are " A , .  
killed under religious supervision by cutting 
the throat to allow removal of all blood from 
the carcass, without prior stunning. Food that 
is not halal is haram 

health foods Substances the consumption of 
which is advocated by various reform 
movements, including vegetable foods, 
whole erain cereals. food ~rocessed without " 
chemical additives,food &own on organic 
compost, supplements such as bees' royal jelly, 
lecithin, seaweed, etc., and pills and potions. 
Numerous health claims are made but rarely is 
there evidence to support these claims 

heat of combustion Energy released by 
complete combustion, as for example, in 
the bomb calorimeter. Values can be used to 
predict energy physiologically available from 
foods only if an allowance is made for material 
not completely oxidized in the body 

histamine The amine formed by decarboxylation 
of the amino acid histidine. Excessive release 
of histamine from mast cells is responsible for 
many of the symptoms of allereic reactions. It . , 
.~l..> j r ! r t ~ l j l . ~ t e ,  .r.ren.ln r i I in.: 
.~:.x.r!. .~c )li ,>n <>I ht,t?n~:r,,. > s . . \ . . i t , ,  3 I<?-,I C ,r 
achlorhydria; see achlorhydr;a 

homeostasis (homeostatic) The control of 
concentration of key components (in blood 
etc.) to ensure constancv and uhvsiolo!zical . , " 
normalization of their Ancentrations 

homocysteine A sulphur amino acid formed 

Normally present at only low concentration 
(en less than lOmM in serum or ulasma). . u 

High blood concentrations of homocysteine 
(occurring as a result of poor folic acid, 
vitamin B6, and BI2 status and in certain 
other dietary and medical situations) have 
been implicated in the development of 
atherosclerosis, heart disease, and stroke 

human immunodeficiency virus (HIV) The 
virus which causes AIDS (acquired immune 
deficiency syndrome), In many developing 
countries h s  virus is acquired by heterosexual 



intercourse, and may also be acquired 
'vertically', either at the time of birth or in 
breast milk (around 25 to 30% of all vertical 
transmission by breastfeeding mothers). The 
level of access to specific t reahent  is still 
much lower in poor countries. 

hunger A condition in which people lack the 
basic food intake to provide them with the 
energy and nutrients for fully productive, 
active lives; it is an outcome of food insecurity 

hyperalimentation Provision of unusually 
large amounts of energy, either intravenously 
(parenteral nutrition) or by nasogastric or 
gastrostomy tube (enteral nutrition) 

hypercalcaemia, idiopathic Elevated plasma 
concentrations of calcium believed to be 
due to hypersensitivity of some children to 
vitamin D toxicity There is excessive 
absorption of calcium, with loss of appetite, 
vomiting, constipation, flabby muscles, and 
deposition of calcium in the soft tissues and 
kidneys. It can be fatal in mfants 

hypercholesterolaemia Abnormally high 
blood concentrations of cholesterol. Generally 
considered to be a sign of high risk for 
atherosclerosis and ischaemic heart disease 

hyperglycaemia Elevated plasma concentration 
of rlucose, caused by a failure of the normal 

u 

hormonal mechanisms of blood glucose 
control 

hyperinsulinism Excessive secretion of insulin, 
re suit in^ in hwoelycaemia - , A  

hyperlipidaemia (hyperlipoproteinaemia) 
A variety of conditions in which there are 
increased concentrations of l i ~ i d s  in ~ lasma:  
phospholipids, triacylglycerols, free and 
esterified cholesterol, or unesterified fatty 
acids 

hypertension High blood pressure; a risk factor 
for ischaemic heart disease, stroke, and hdney 
disease. May be due to increased sensitivity 
to sodium 

hypocalcaemia Low blood calcium, leading 
to vomiting and uncontrollable twitching of 
muscles if severe; may be due to underactivity 
of the parathyroid gland, kidney failure, or 
vitamin D deficiency 

hypoglycaernia Abnormally low concentration 
of plasma glucose; may result in loss of 
consciousness - hypoglycaemic coma 

immunoglobulin A member of a family of 
proteins from which antibodies are derived. 
There are five main classes in humans known 
as IgM, IgG, IgA, IgD and IgE 

index of nutritional quality (INQ) An attempt 
to urovide an overall firure for the nutrient 
coAtent of a food or a dyet It is the ratio 
between the percentage of the reference intake 
of each nutrient and the percentage of the 
average requirement for energy provided by 
the food 

insulin Polypeptide hormone that regulates 
carbohydrate metabolism 

interferon One of a family of naturally 
occurring proteins produced by the cells of the 
immune system, attacking viruses, bacteria, 
tumours and other foreign substances 

International Network of Food Data Systems 
(INFOODS) Created to develop standards 
and guidelines for collection of food 

composition data, and standadzed terminologj 
and nomenclature; website http://wrn,fao. 
org/infoods 

International Union of Food Science and 
Technology (1UFosT) website h t t p : / / w ~ m .  
iufost.org 

International Union of Nutritional Sciences 
(IUNS) website http://wwwiuns.org 

intrinsic factor A urotein secreted in the eastric 
juice which is required for the absorption of 
vitamin B,,; imuaired secretion results in .- L 

pernicious anaemia 
irritable bowel syndrome (16s) Also known as 

spastic colon or mucous colitis. Abnormally 
increased motility of the large and small 
intestines, leading to pain and alternating 
diarrhoea and constipation; often precipitated 
by emotional stress 

ischaemic heart disease or coronary heart 
disease Group of syndromes arising from 
failure of the coronary arteries to supply 
sufficient blood to heart muscles; associated 
with atherosclerosis of coronary arteries 

joule The SI (Systeme Internationale) unit of 
energy; used to express energy content of 
foods 

Keys score Method of expressing the lipid 
content of a diet, calculated as 1.35 X (2 X "/o 

enerev from saturated fat - % energy 
frogGolyunsaturated fat) + 1.5 X 
d i m e  cholesterol/lOOOkcali , " 

Kjeldahl determination Widely used method of 
determining total nitrogen in a substance by 
digesting with sulphuric acid and a catalyst; 
the nitrogen is reduced to ammonia which 
is then measured. In foodstuffs most of the 
nitrogen is protein, and the term crude protein 
is the total 'Kjeldahl nitrogen' multiplied by a 
factor of 6.25 (since most proteins contain 16% 
nitrogen) 

kosher The selection and preparation of foods 
in accordance with traditional Jewish ritual 
and dietary laws. Foods that are not kosher 
are traife. The only kosher flesh foods are from 
animals that chew the cud and have cloven 
hoofs, such as cattle, sheep, goats, and deer; 
the hindquarters must not be eaten. The only 
fish permitted are those with fins and scales; 
birds of Drev and scavenrers are not kosher. 
~ o r e o v i r ,  h e  animals must be slaughtered 
accordine to ritual, without stunnina, before 

u 

the meaccan be considered kosher 
kwashiorkor (from the Ga language of West 

Africa) A disease which occurs frequently in 
young (weanling) children in some developing 
countries where weaning foods are of poor 
qualitv, and is characterized by oedema 
(swelling due to extracellular fluid 
accumulation), failure to thrive, abnormal 
hair appearance (dyspigmentation), often 
enlarged liver and increased mortality risk. 
Associated especially with poor diets that are 
low in orotein and other nutrients. and also 
with frequent infections; see protein energy 
malnutrition 

lactose The carbohydrate of milk, sometimes 
called milk suear, a disaccharide of glucose 
and galactose 

laxative Or aperient, a substance that helps 
the exoulsion of food residues from the body 
If strongly laxative it is termed purgative or 



cathartic. Dietary fibre and cellulose function 
because they retain water and add bulk to 
the contents of the intestine; Epsom salts 
(magnesium sulphate) also retain water; castor 
oil, and drugs such as aloes, senna, cascara, 
and phenolphthalein irritate the intestinal 
mucosa. Undigested carbohydrates such as 
lactulose and sugar alcohols are also laxatives 

legumes Members of the family Leguminosae, 
consumed as dry mature seeds (grain 
legumes or pulses) or as immature green seeds 
in the pod. Legumes include the groundnut, 
Arachis hypogaen, and soya bean, Glycine mnx, 
grown for their oil and protein, the yam bean 
Pachyrrhizus erosus, and African yam bean 
Sphenostylis stenocnupa, grown for their edible 
tubers as well as seeds 

leptin Hormone secreted by adipose tissue that 
acts to regulate long-term appetite and energy 
expenditure by signalling the state of body fat 
reserves 

leucocytes White blood cells, normally 
5000-9000/mm3; includes polymorphonuclear 
neutrophils, lymphocytes, monocytes, 
polymorphonuclear eosinophils, and 
polymorphonuclear basophils. A 'white cell 
count' determines the total; a 'differential cell 
count' estimates the numbers of each type. 
Fever. haemorrhage, and violent exercise cause 
an increase (leucocytosis); starvation and 
debilitating conditions a decrease (leucopenia) 

lipids, plasma Triacylglycerols, free and 
esterified cholesterol and ~hosoho l i~ ids ,  

, - 2  

and protein; they are the form in which lipids 
absorbed in the small intestine enter the 
bloodstream. Very low-density lipoproteins 
(VLDL) are assembled in the liver and 
exported to other tissues, where they pro- 
vide a source of lipids. Lipid-depleted VLDL 
becomes low-density lipoprotein (LDL) in 
the circulation; it is iic6 Acholesterol and is 
normallv cleared by the liver. Hirh-density 
lipopro<ein (HDL) ;onlains cholgsterol fro& 
LDL and tissues 
that is returned to the liver. See also 
hypercholesterolaemia; hyperlipidaernia 

low birthweight (LBW) Used as shorthand to 
describe babies born at weizht less than 2.5 kr. 
Average birthweight is clo; to 3.5kg (WHO

u 

reference mean). LBW can result from delivery 
before term (preterm) or from intrauterine 
growth retardation (IUGR) due to many 
causes including fetal undernutrition 

lower reference nutrient intake (LRNI) Set 2 
standard deviations below the EAR for a 
nutrient. Intakes of nutrients below this point 
will almost certainly be inadequate for most 
individuals; see reference nutrient intake 

malnutrition Disturbance of form or function 
arising from deficiency or excess of one or 
more nutrients 

marasmic kwashiorkor The most severe form 
of protein energy malnutrition in children, 
with weight for height less than 60% of that 
expected, and with oedema and other 
symptoms of kwashiorkor 

marasmus An old term still in common use in 
Anglophone developing countries. The 
adjective (marasmic) described abnormally 

small and thin infants. As noun and adjective 
the term was later used by nutritionists to 
define a weight less than 60% of the reference 
mean weirht for aqe This definition is still 

u " 
used in resource-poor areas where stature is 
not measured. Now the term protein energy 
malnutrition (PEM) is more commonly used 

menarche The initiation of menstruation in 
adolescent girls, normally occurring between 
the ares of I1 and 15. The are at menarche has - - 
become younger in Western countries, 
possibly associated with a better zeneral 
Standa;d of nutrition, and is late& 
less-developed countries 

metabolic equivalent (MET) Unit of 
measurement of heat production by the body; 
1 MET = 50kcal/hour/m2body surface area 

metabolism The processes of interconversion of 
chemical com~ounds in the bodv Anabolism 
is the process of forming larger and more 
complex compounds, commonly linked to 
the utilization of metabolic energy Catabolism 
is the process of breaking down larger 
molecules to smaller ones, commonly 
oxidation reactions linked to release of energy 
There is approximately a 30% variation in the 
underlying metabolic rate (basal metabolic 
rate) between different individuals, 
determined in part by the activity of the 
thyroid gland 

micronutrients Vitamins and minerals, which 
are needed in very small amounts (micro- 
grams or milligrams per day), as distinct from 
fats, carbohydrates, and proteins which are 
macronutrients, since they are needed in 
considerably greater amounts 

mid-upper-arm-circumference (MUAC) A rapid 
way of assessing nutritional status, especially 
applicable to children; see anthropometry 

Ministry of Agriculture. Fisheries and Food 
(MAFF) I , ~ r r : , . ~ ~  1. h Jl.:its~rv :it,,.,, ~ L , L > I  I.c.: 

by DEFRA and FSA 
monosaccharides Group name of the simplest 

sugars, including those composed of three 
carbon atoms (trioses), four (tetroses), five 

charides, and polysaccharides are form& 
mutagen Compound that causes mutations and 

may be carcinogenic 
National Center for Health Statistics (NCHS) 

standards Tables of heirht and weight for u 

age used as reference values for the assessment 
of erowth and nutritional status of children. 
ba&d on data collected by the US National 
Center for Health Statistics in the 1970s. The 
most comprehensive such set of data, and used 
in most countries of the world 

National Health and Nutrition Examination 
Survey (NHANES) Conducted by the 
National Center for Health Statistics (NCHS), 
Centers for Disease Control and Prevention, 
designed to collect information about the 
health and diet of people in the United States 

net dietary protein energy ratio (NDpE) A way 
of ex~ressinz the  rotei in content of a diet or " 
food taking into account both the amount of 
protein (relative to total energy intake) and the 
protein quality. It is protein energy multiplied 
by net protein utilization divided by total 
energy. If energy is expressed in kcal and the 



result expressed as a percentage, tius is net 
dietary protein calories per cent, NDpCal7'0 

net protein ratiolretention (NPR) Weight gain 
of a test animal plus weight loss of a control 
animal fed a non-protein diet per gram of 
protein consumed by the test animal 

net protein utilization (NPU) The proportion of 
nitroren intake that is retained, ie the product - 
of biological value and digestibility 

net protein value (NPV) A way of expressing 
the amount and quality of the protein in a 
food; the product of net protein utilization 
and protein content per cent 

neural tube defect Congenital malformations 
of the brain (anencephaly) or spinal cord 
(spina bifida) caused by the failure of the 
closure of the neural tube in early embryonic 
development 

niacin The generic descriptor for two 
comoounds that have the bioloeical activitv " 
of the vitamin: nicotinic acid and its amide, 
nicotinamide. In the USA, niacin is used 
specifically to mean nicotinic acid, and 
niacinamide for nicotinamide 

nicotinamide adenine dinucleotide and its 
phosphate (NAD. NADP) The coenzymes 
derived from niacin. Involved as hydrogen 
acceptors in a wide variety of oxidation and 
reduction reactions 

nitrogen conversion factor Factor by which 
nitrogen content of a foodstuff is multiplied to 
determine the protein content; it depends on 
the amino acid comoosition of the  rotei in. For 
wheat and most cereals it is 5.8; rice, 5.95; soya, 
5.7; most legumes and nuts, 5.3; milk, 6.38; 
other foods, 6.25. In mixtures of proteins, as 
in dishes and diets, the factor of 6.25 is used. 
'Crude protein' is defined as N 36.25 

non-starch polysaccharides (NSP) Those . . 
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nutrition surveillance Monitoring the state 
of health, nutrition, eating behaviour, and 
nutrition knowledee of the oooulation for the " L L 

purpose of planning and evaluating nutrition 
policy Especially in developing countries, 
monitoring may include factors that may give - , " 
early warning of nutritional emergencies 

nutritional genomics (nutrigenomics) The 
field encompassing the interactions between 
nutrients and the genome and gene products, 
the function of eene ~roducts. and the " 
identification and understanding of the 
genetic basis for individual and population 
differences in the response to diet 

obesity Excessive accumulation of body fat. A 
body mass index above 30 is considered to be 
obese (and above 40 grossly obese) 

oedema Excess retention of fluid in the body; 
may be caused by cardiac, renal, or hepatic 
failure or by starvation (famine oedema) 

oestrogens are steroid hormones principally 
secreted by the ovaries, which maintain female 
characteristics 

Office of Dietary Supplements (ODS) \>iil, ,, ~r 
T:IV L 5  S3t),>n3l In,t~tut<., . > I  l Ivi!t'~. C ~ > I I C  

oncogene a protein encoding gene, which, 
when deregulated, plays a role in the onset 
and development of cancer. Genetic mutations 
that result in oncogene activation increase 
the chance of a normal cell developing into a 
tumor cell. 

omophagia Eating of raw or uncooked food 
organic Chemically, a substance containing 

carbon in the molecule (with the exception 
of carbonates and cyanide). Substances of 
animal and vegetable origin are organic; 
minerals are inorganic. The term organic 
foods refers to 'organically grown foods', 
meaning plants grown without the use of 
(synthetic) pesticides, fungicides, or inorganic 
fertilizers, and ~ r e ~ a r e d  without the use of 
preservatives 

osteoporosis Degeneration of the bones with 
advancing age due to loss of bone mineral and 
protein as a result of decreased secretion of 
hormones (oestrogens in women and 
testosterone in men) 

para-aminobenzoic acid (PABA) Essential 
growth factor for microorganisms. It forms 
part of the molecule of folic acid and is 
therefore required for the synthesis of this 
vitamin. Mammals cannot svnthesize folic 
acid, and PABA has no othe; known function; 
there is no evidence that it is a human dietarv 
requirement. Not normally present in human 
diets. can be used to validate 24h urine 
collections, because an oral dose, given at 
each of three meal-times, is rapidly and 
quantitatively excreted in the urine 

oareve (oarve) Tewish term for dishes containing 
u ' 

neither milk nor meat. Orthodox Jewish law 
orohibits mixine of milk and meat foods or the " 
consumption of milk products for 3 hours after 
a meat meal 

PARNUTS EU term for foods prepared for 
oarticular nutritional DUrDoSeS (intended 
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for people with disturbed metabolism, or in 
special physiological conditions, or for young 
children). Also called dietetic foods 

pentosuria The excretion of pentose sugars in 
the urine. Idiopathic pentoiuria isan h e r i t e d  
metabolic disorder almost wholly restricted to 
Ashkenazi (North European) Jews, which has 
no adverse effects. Consumotion of fruits 
rich in pentoses (eg pears) can also lead to 
(temporary) pentosuria 

pescetarian Vegetarian who will eat fish, but 
not meat 

phase I metabolism reactions The first phase 
of metabolism of foreign compounds 
(xenobiotics), involving metabolic activation. 
These reactions occur mainly in the liver 
but also in the small in teske  and lungs and 
comprise the microsomal or mixed function 
oxidase system, NADPH-dependent enzymes 
and cvtochrome P450 oroteins. Generallv 
regarded as detoxication reactions, but may 
in fact convert inactive precursors into 
metabolically active compounds, and be 
involved in activation of precursors to 
carcinogens 

phase II metabolism reactions The second 
phase of the metabolism of foreign 
compounds, in which the activated derivatives 
formed in phase I metabolism are conjugated 
with amino acids, glucuronic acid or 



+tathione, lo yield waier-soluble derivatives 
that are excreted in urine or bile 

phospholipids Glycerol esterified to two 
molecules of fatty acid, one of which is 
commonly polyunsaturated. The thxd hydroxyl 
group is esterified to phosphate and one of a 
number of water-soluble compounds, including 
serine (phosphatidylserine), ethanolamine 
(phosphatidylethanolamine), choline 
(phosphatidylcholine, also known as lecithin), 
and inositol (phosphatidylinositol) 

physical activity level (PAL) Total energy cost of 
physical activity throughout the day, expressed 
as a ratio of basal metabolic rate. Calculated 
from the ~hysical activity ratio for each activity, 
multiplied by the time spent in that activity 

physical activity ratio (PAR) Energy cost of 
physical activity expressed as a ratio of basal 
metabolic rate 

pica An unnatural desire for foods; alternative 
words are cissa, cittosis, and allotriophagy 
Also a perverted appetite (eating of earrh, 
sand, clay, paper, etc.) 

plaque (1) Dental plaque is a layer of bacteria 
in an organic matrix on the surface of teeth, 
especially around the neck of each tooth. May 
lead to development of gingivitis, periodontal 
disease and caries. (2) Atherosclerotic plaque is 
the development of fatty streaks in the walls of 
blood vessels 

polysaccharides Complex carbohydrates 
formed by the condensation of large numbers 
of monosaccharide units, eg starch, glycogen, 
cellulose, dextrins, inulin. On hydrolysis the 
simple sugar is liberated 

polyunsaturated fatty acids Long-chain 
fatty acids containing two or more double 
bonds, separated by methylene bridges: 
-CH,-CH=CH4H2-CH=CH-CH2- 

ponderal index An index of faIness, used as 
a measure of obesity: the cube root of body 
weight divided by height. Confusingly, the 
ponderal index is higher for thin people, and 
iower for fat people 

prion The infective agent(s) responsible for 
Creutzfeldt-Jakob disease, kuru and possibly 
other degenerative diseases of the brain in 
human beings, scrapie in sheep, and bovine 
spongiform encephalopathy (BSE). They are 
simole uroteins, and unlike viruses, do not 
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contain any nucleic acid. Transmission occurs 
bv ingestion of infected tissue , " 

probiotics Preparations of live microorgamisms 
added to food (or used as animal feed), 
claimed to be beneficial to health by restoring 
microbial balance in the intestine. The 
organisms commonly involved are lactobacilli, 
bifidobacteria, stre~tococci, and some yeasts . 
and moulds, alone or as mixtures 

protein All living tissues contain proteins; they 
are polymers of amino acids, joined by peptide 
bonds. There are 21 main amino acids in 
proteins, and any one protein may contain 
several hundred or over a thousand amino 
acids, so an enormous variety of different 
proteins occur in nature. Generally a polymer 
of relatively few amino acids is referred to as a 
peptide (eg di-, tri-, and tetrapeptides); 
oligopeptides contain up to about 50 amino 
acids; larger molecules are polypeptides or 
proteins 

prorein eificiency ratio (PER) Weight gain per 
weight of protein eaten 

protein energy malnutrition (PEM) A spectrum 
ci disorders, especially in children, due to 
inadequate feeding. Used to describe children 
ivho are wasted or underweight due to 
insufficient intake of macronutrients In fact 
PEM is commonl~ associated with multiple 
micronutrient deficiencies. Marasmus is severe 
wasting and can also occur in adults; it is the 
result 2 a food intake inadequate to meet 
energy expenditure. Kwashiorkor affects only 
young children and includes severe oedema, 
fattv inhltration of the liver, and a sooty 
dermatitis; it is likely that deficiency of 
antioxidant nutrients and the stress of 
infection may be involved. Emaciation, similar 
to that seen in marasmus, occurs in patients 
with advanced cancer and AIDS; in this case 
it is known as cachexia; see chronic energy 
deficiency 

prorein-energy ratio The protein content of 
a food or diet expressed as the proportion of 
the total energy provided by protein (17kJ 
(4kcal)/g). The average requirement for pro- 
tein is about 7% of total energy intake; average 
Western diets provide about 14% 

protein quality A measure of the usefulness of 
a dietary protein for growth and maintenance 
of tissues, and, in animals, production of meat, 
eggs, wool, and milk. It is only important if the 
total intake of protein barely meets the 
requirement. The quality of individual proteins 
is unimportant in mixed diets, because of 
complementation between different proteins 

protein retention efficiency (PRE) The net 
protein retention converted to a % scale by 
multiplying by 16, then becoming numerically 
the same as NPU 

proteome The protein complement of a cell, 
tissue or organism translated from its genomic 
DNA sequence 

proteomics The study of the proteome, 
particularly of structure and function 

proximate analysis Analysis of foods and 
feeding-stuffs for nitrogen (for protein), ether 
extract (for fat), crude fibre and ash (mineral 
salts), toaether with soluble carbohydrate 
calckateYd by subtracting these v&es from 
the total (carbohvdrate bv difference). Also 
known a5 weenie analy& after t h e ~ e e n d e  
Experimental Station in Germany, which in 1865 
outlined the methods of analysis to be used 

PIS ratio The ratio between polyunsahrated 
and saturated fatty acids. In Western diets the 
ratio is about 0.6; it is suggested that increasing 
it to near 1.0 would reduce the risk of 
atherosclerosis and coronary heart disease 

QUAC stick Quaker arm circumference 
measuring stick. A stick used to measure 
height which also shows the 80th and 85th 
centiles of expected mid-upper arm 
circumference. Developed by a Quaker Service 
Team in Nigeria in the 1960s as a rapid and 
simple tool for assessment of nutritional status 

quantitative ingredients declaration 
(QUID) Obligatory on food labels in EU since 
February 2000; previously legislation only 
required declaration of ingredients in descending 
order of quantity not specific declaration of 
the amount of each ingredient present 



reference intakes (of nutrients) Amounts of 

. , 
determined on the basis of the average 
requirement plus twice the standard 
deviation, to allow for individual variation 
in requirements and thus cover the 
theoretical needs of 97.5% of the 
population 

reference man, woman An arbitrary 
phvsioloaical standard; defined as a person 
A ~ 

aged 25, >eighing 65 kg, living in a timperate 
zone of a mean annual temperature of 10°C. 
Reference man performs medium work, with 
an average daily energy requirement of 13.5MJ 
(3200kcal). Reference woman is engaged in 
general household duties or light industry, 
with an average daily requirement of 97MJ 
(2300 kcal) 

reference nutrient intake (RNI) Defined by 
COM.4 (Committee on Medical Asoects of 
Food ~o'licy for the UK ~ e ~ a r t m e / t  of Health), 
most recently in 1991, as being the amount 
of each nutrient that is sufficient to meet 
the needs of the majority (mean 12 standard 
deviations) of healthy people in a defined 
population, or subgroup of it. Approximately 
equivalent (in concept, but not necessarily in 
magnitude) to the US or WHO RDAs 
(recommended dietary amounts) 

reference standards (international reference 
standard)/growth standards These refer to 
databases recording the linear and ponderal 
growth of healthy children. They include 
anthropometric data collected on suitably 
large samples, and analysed with precise 
specifications to provide a useful basis for 
reference 

riboflavin Vitamin B2 
ribonucleic acid (RNA) A linear single-stranded 

polymer composed of four types of ribose 
nucleotide, adenine, cytosine, guanine, thymine 
(A. C. G and U). h k e d  bv ~hos~hodies ter  

. . 
protein synthesis 

rickets Malformation of the bones in growing 
children due to deficiency of vitamin D, 
leading to poor absorption of calcium. In 
adults the equivalent is osteomalacia. 
Vitamin D resistant rickets does not respond 
to normal amounts of the vitamin but requires 
massive doses. Usually a result of a congenital 
defect in the vitamin D receptor, or metabolism 
of the vitamin, it can also be due to poisoning 

u 

with strontium 
saliva Secrehon of the sahvarv glands in the 

food) and the /myme amylase (whch 
hvdrolvses starch). with small cruantities of 
urea, potassium thiocyanate, sodium chloride, 
and bicarbonate 

satiety The sensation of fullness after a meal 
Schilling test A test of vitamin B12 absorption 

and status 
Scientific Advisory Committee on Nutrition 

(SACN) providing expert advice to the UK 
Food Standards Agency and Department of 
Health 

scurrf Deficiency of vitamin C leading to 
impaired collagen synthesis, causing capillary 
fragility poor wound healing and bone 
changes 

sitapophasis Refusal to eat as expupression of 
mental disorder 

sitology Science of food 
sitomania Mania for eating, morbid obsession 

with food; also known as phagomania 
sitophobia Fear of food; also known as 

phagophobia 
skinfold thickness Index of subcutaneous fat 

and hence body fat content. Usually measured 
at four sites: biceps (midpoint of front upper 
arm), triceps (midpoint of back upper arm), 
subscavular idirectlv below voint of should~r 

~ -- 

blade at angle of 45 degrees), supra-iliac 
(directlv above iliac crest in mid-axillarv line): , ~-,, 
see anthropometry 

staple food The principal food, eg wheat, rice, 
maize, etc., which provides the main energy 
source for communities 

starch Polysaccharide, a polymer of glucose 
units; the form in whch  carbohydrate is stored 
in the plant; it does not occur in animal tissue 

statins A family of related drugs used to treat 
hypercholesterolaemia They act by inhibiting 
hydroxymethylglutaryl CoA reductase (HMG 
CoA reductase), the first and rate-limiting 
enzyme of cholesterol synthesis 

stroke Also known as cerebrovascular accident 
(CVA); damage to brain tissue by hypoxia 
due to blockage of a blood vessel as a result of 
thrombosis, atherosclerosis or haemorrhage 

stunting Reduction in the linear growth of 
children, leading to lower than expected 
height for age, generally resulting in lifelong 
short stature. A common effect of protein 
energy malnutrition, and associated especially 
with inadequate protein intake 

sugar alcohols Also called polyols, chemical 
derivatives of sugars that differ from the 
parent compounds in havinz an alcohol arouo 

u .  

~ C H ~ O H )  Lstead of the aldphyde group 
ICHOI; thus mannitol from mannose. xvlitol 

2 

&om &lose, lactic01 from lactulose (also 
sorbitol, isomalt, and hydrogenated glucose 
syrup). Several occur naturally in fruits, 
vegetables, and cereals. They range in 
sweetness from equal to sucrose to less than 
half. They provide bulk in foods such as 
confectionery (in contrast to intense sweeteners), 
and so are called bulk sweeteners. They are 
slowly and incompletely metabolized, and 
are tolerated by diabetics, and provide less 
energy than sugars: they are less cariogenic 
than sucrose 

sweeteners Four groups of compounds are 
used to sweeten foods: (1) the sugars, of whch  
the commonest is sucrose (2) bulk sweeten- 
ers, including sugar alcohols (3)  synthetic 
non-nutritive sweeteners (intense sweeteners), 
which are many times sweeter than sucrose 
(4) various other chemicals such as glycerol 
and glycine (70% as sweet as sucrose), and 
certain peptides 

taste The tonope can distinguish five srpdrate 
tastes: sweet, salt, sour (or acid), bitter, and 
savoury (sometimes called umami, from the 
Japanese word for a savoury flavour), due 
to stimulation of the taste buds. The overall 



taste or flavour of foods is due to these tastes, 
together with astringency Ln the mouth, 
texture, and aroma 

thermogenesis increased heat production by 
the body, either to maintain body temperature 
(by shivering or non-shivering thermogenesis) 
or in response to intake of food and stimulants 
such as coffee, nicotine and certain drugs 

thiamin Vitamin B1 
transgenics the integration of a gene from one 

species into the genomic DNA of another 
organism 

triacylglycerols Sometimes called triglycerides; 
lipids consisting of glycerol esterified to three 
fatty acids (chemically acyl groups). The major 
component of dietary and tissue fat. Also 
known as saponifiable fats, since on reaction 
with sodium hydroxide they yield glycerol and 
the sodium salts (or soaps) of the fatty acids 

triglycerides See triacylglycerols 
United Nations Children's Fund (UNICEF) 

originally the United Nations International 
Children's Emergency Fund; website http:// 
www.unicef.org 

US Department of Agriculture (USDA) Created 
as an independent department in 1862; website 
http: / /www.usda.gov 

US Recommended Daily Allowances (USRDA) 
Reference intakes used for nutritional labelling 
of foods in the USA 

vegans Those who consume no foods of animal 
origin. (Vegetarians often consume milk and/ 
or eggs.) 

vitamers Chemical compounds structurally 
related to a vitamin, and converted to the same 
overall active metabolites in the body They 
thus possess the same biological activity 

vitamin Thirteen organic substances that are 
essential in very small amounts in food 

waist:hip ratio Simple method for describing 
the distribution of subcutaneous and 
intra-abdominal adipose tissue 

weaning foods Foods specially formulated for 
idants aged between 3 and 9 months for the 
transition between breast or bottle-feeding 
and normal intake of solid foods 

Wellcome ~lassificatian A system for classifying 
protein energy mainutrition in children based 
on percentage of expected weight for age and 
the presence or absence of oedema. Between 
60 and 80% of expected weight is underweight 
in the absence of oedema, and kwashiorkor 
if oedema is present; under 60% of expected 
weight is marasmus in the absence of oedema, 
and marasmic kwashiorkor if oedema is 
present 

wholefoods Foods that have been minimally 
refined or processed, and are eaten in their 
natural state. In general nothing is removed 
from, or added to, the foodstuffs in preparation. 
Wholegrain cereal products are made by m h g  
the complete grain 

World Food Programme (WFP) Part of the Food 
and Agriculture Organization of the Lnited 
Nations; intended to give international aid in 
the form of food from countries with a surplus; 
website http://www.wfp.org 

World Health Organization (WHO) 
Headquarters in Geneva; website h i p / /  
www.who.in 

FURTHER READING 

Bender DA 2004 Oxford dictionary of food 
and nutrition. Oxford University Press, 
Oxford 

Bender DA, Bender AE 1999 Benders' 
dictionary of nutrition and food 
technology, 7th edn. Soodhead 
Publishing, Cambridge 

On-line Medical Dictionary: http:/ / 
cancerweb.ncl.ac.uk/omd/index.html 



Appendix 
Dietary 
Reference 

2: 

Values 

The following tables summarize the dietary reference values (DRVs) for 
energy and nutrients, for the United Kingdom (see also chapters 4 and 5). 
Information has been taken from: Department of Health (1991) Dietary 
Reference Values for Food Energy and Nutrients for the United Kingdom 
(HMSO, London). For most nutrients the reference nutrient intake (RNI) is 
given, which is 2 standard deviations from the estimated average intake for 
a particular age group. An intake above the RNI would therefore satisfy the 
requirements of almost all people in that age group. 

For some nutrients there is not enough Information available on which to 
base the setting of an RNI and in these cases a 'safe intake' is given. 

.. 
I 

/ Table A l Dierary reference values for energy for males and females 
. - -. . . - 

F- EAR' -- 
males females 

- -- - 
1I_i 

L- -- 
(Mllday) (kcal, day) (MI.day) (kcallday) 

. . .~.. . . - .. --I 
0-3 months 

4-6 months 
7-9 months 
10-1 2 months 
1-3 years 
4-6 years 
7- 10 years 
11-14 years 
IS-- I8  years 
19-50 years 
5 1-59 years 
60-64 years 
65-74 years 
75 + 
Pregnancy 
Lactatson 

'EAR = estimoted average requirement 

* ~ o s t  trimester 



Dietary reference values for energy are given as WIJ/day and kcal/day, 
and values for fat and carbohydrate are expressed as percentage of total 
energy intake (or percentage of food energy, which excludes alcohol). 

0-3 months 
4-6 months 
7-9 months 
l O- 12 months 
1-3 years 
4-6 years 
7- 10 years 

Males 
I 1-14 years 33.8 42.1 
I 5- 18 years 46.1 55.2 
19-50 years 44.4 55.5 
50C years 42.6 53.3 

Females 
11-14 years 33.1 42.1 
15- 18 years 46.1 55.2 
19-50+ years 44.4 55.5 
50C years 42.6 53.3 
Pregnancy + 6 
Lactation + 1 1  

'EAR = Estimated average requirement 

2RNI = reference nutrient intoke 

Saturated fatty acids 
Cis-polyunsaturated 
Fatty acids 
n-3 
n-6 

CIS-monounsaturated 12 (13) 

Fatty ac~ds 
Trans fatty ac~ds 
Total fatty acids 

2 (2) 
30 (32.5) 

Total fat 33 135) 

Non-milk extrinsic sugars 
Intrinsic milk sugars and starch 
Total carbohydrate 

/ Non-starch polysaccharide (giday) 12 18 24 I 
Total energy intoke assumes 5% aicohoi: food energy (in parenthesis) excludes oicohol 



- . .. - .  - . -- -. . . - - - - . 
Table A4 D~etary reference values for far-sclc~le vlranuns 

.... . . . . . . . - . .- -. - - -. . . . . 1 
UK safe intakes 

0-6 months 350 8.5 0.4 10 
7-1 2 months 350 7.0 0.4 10 
1-3 years 400 7.0 0.4 - 

4-6 years 400 0 '  0.4 - 

7- I 0  years 500 0 '  0.4 - 

Males 
11-14 years 600 0 
15-SO+ years 700 0 >4 I pgikg body weight 
65 + years 10 

Females 
11-14years 600 0 '  
15-50+ years 600 0 '  >3 I &kg body weight 

65 + years 10 
Pregnancy + I00 + 10 I kg/l<g body weight 
Lactation f 3 5 0  i 10 

'If exposed to  the sun 

0-6 months 0.2 0.4 3 0.2 50 0.3 
7-1 2 months 0.3 0.4 5 0.3-0.4 50 0.4 
1-3 years 0.5 0.6 8 0.7 70 0.5 
4-6 years 0.7 0.8 I I 0.9 100 0.8 
7- I0  years 0.7 I .O I 2  I .O 150 I .O 

Moles 
11-14years 0.9 1.2 15 I 2  200 I .2 
15-50+ years 0.9 1.3 16-18 1.4-1.5 200 1.5 

Females 
11-14 years 0.7 1 . 1  I 2  I .O 200 I .2 35 
15-50+ years 0.8 1 . 1  12-14 1.2 200 1.5 40 
Pregnancy i 0 . I  f 0.3 - - +I00 - + I 0  
Lactation +0.2 +0.5 - - +60 i 0 . 5  i 3 0  

 or last trimester only 



- -- . . -. . . - - -. -- -. . . . . . . . . . - - - - . - . . . . . -. . . 

Table A6 Reierence nJtrlent intakes lor minerals i - . .- - - . .- . . . . . . . .- . . . . . . . - . . . . . . - .-. 

Age Calcium Phosphorus Magnesium iron Zinc Copper Selenium lodine 
(mg) (mg) (mg) (mg) (mg) (4 ( ~ g )  ( ~ g )  

C 3  months 525 400 55 1.7 4.0 0.2 10 50 
4-6 months 525 400 60 4.3 4.0 0.3 13 60 
7-9 months 525 400 75 7.8 5.0 0.3 10 60 
10-1 2 months 525 400 80 7.8 5.0 0.3 10 60 
1-3 years 350 270 85 6.9 5.0 0.4 15 70 
4-6 years 450 350 I20 6.1 6.5 0.6 20 100 
7- 10 year, 550 450 200 8.7 7.0 0.7 30 l I0  

Males 
11-14 years 1000 775 280 11.3 9.0 0.8 45 130 
15-1 8 years 1000 775 280 11.3 9.5 l 0 70 140 
19-50 years 700 550 300 8.7 9.5 l 2 75 140 

I 50+ years 700 550 300 8.7 9.5 1.2 75 140 1 

- - -. . . - -. . . . - -. - -. - ..... 

rGble A7 Reference nutrieor intakes for sod!"m, potassium and chlor~dc 
.... . . . . . . . - - . . 

Sodium (mg) Potassium (mg) Chloride (mg) 
- . . - . . . - . . . . . . - . . . . . ..... 

4 
0-3 months 
4-6 months 
7-9 months 
10-1 2 months 
1-3 years 
4-6 years 
7- I0 years 

Males and females 
11-14 years 
1 5-50+ years 

Fernoles 
11-14 years 800 625 280 14.8 9.0 0.8 45 130 
15-- I 8  years 800 625 300 14.8 7.0 1 .O 60 140 
i 9-50 years 700 550 270 14.8 7.0 1.2 60 140 
50+ years 700 550 270 8.7 7.0 1.2 60 140 
Pregnancy - - - - - - - - 

Lactation +550 +440 f50 - +6.0 +0.3 i I5 - 

-. 1 

F A 8  UK sale intake f i r  biotin a"d pantothenic acid 
- . . -. . - 

Age Biotin (pg) Pantothenic acid (mg) k. . . . - . . . - . 

0-6 months - 1.7 
7-1 2 months - 1.7 
1-3 years - 1.7 
4- 1 0 years - 3.7 

Males and females 
10-50+ years 10-20 3-7 
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SOME USEFUL WEBSITES FOR NUTRITION INFORMATION 

British Nutrition Foundation (includes sections on healthy eating, educational materials, 
publications): www.nutritionorg.uk 

British Dietetic Association (includes section on food facts): wzuzu.bda.uk.com 
Department for Environment, Food and Rural Affairs (pages on food & drink, sustainable 

development, farming, fisheries, etc): cuww.defia.gov.~ilc 
Department of Health (includes government nutrition policy and programmes): wzuw.doh. 

gov.uk 
Food Standards Agency (sections on nutrition, safety & hygiene, labelling and packaging, 

GM & Novel Foods, BSE, etc): www.food.gou.uk 
Institute of Food Research (includes science publications and briefs): ruww.ifi.ac.uk 
Rowett Research Institute (includes educational material and publications): wwzu.rowett.ac.uk 

European 

European Union (gateway to EU, includes subjects such as agriculture, consumers, food 
safety, public health, etc): http://europa.eu 

European Food Safety Authority: www.efssn.eu.int 

USA 
Food and Drug Administration (includes topics such as food safety, nutrition, etc): wwwjda.gov 
Food and Nutrition Information Center (subjects includes dietary guidance, lifecycle 

nutrition, diet and disease, food composition, etc): http://fiic.nal.usda.gov 
United States Department of Agriculture (includes Children's Research Center, Human 

Nutrition Research Center: zuwzo.usda.gov 

International 

Sight and Life (publications re micronutrient deficiencies): zuwcu.sightnndlife.org 
International Council for Control of Iodine Deficiency Disorders: www.iccidd.org 
World Health Organization (re international health including nutrition, links to regional 

offices): www.who.int 
Food and Agriculture Organization (re world food situation, includes food balance sheets 

showing consumption in individual countries): wwwjao.org 
World Food programme (information on food aid): www.cufp.org 
United Nations Children's Fund (information on children's health including nutrition): 

wzuw.unicef.org 



Ii--tenational Food Policy Research Institute (publications on food and nutrition): wzu-w.iip~i.org 
Standing Committee for Nutrition (organization to promote cooperation among UN 

agencies to end malnutrition, publications on state of nutrition and interventions): wzuzu. 
nnscn.oug 

Medical dictionaries 

Several online medical dictionaries define terms and give examples of their 
use, including: 



Index 

A 
Abdominal obesity, 55,162 
Absorption, 208-213 

colon, 210,212 
sites, 210 
small intestine, 210,211 
stomach, 209,210 

Acceptable macronutrient range (AMDR), 28 
Acesulfame K, 30 
Acetaldehyde, 69, 159 
Acetate, 51, 69,212 
Acetyl CoA, 48,51,57-58 
Acrylamide, 30 
Actin, 6 
Acute phase reactions, 253 
Ad libitum low-carbohydrate diets, 169 
Ad libitum low-fat diet, 168,169 
Adenosine triphosphate (ATP), 12,17,97, 

136,137 
Adenosylcobalamin, 85 
Adipocytes, 8 

lipid metabolism, 57 
vitamin D effects, 92 

Adipose tissue, 55,136 
body composition, 5,6 
fat mobilization, 54,55 
fat storage, 54,55 
insulin effects, 50, 51 
metabolic rate, 16 
protective function, 55 

Adiposity rebound, 110 
Adipostatic satiety signals, 20 
Adolescents, 109-110,116-119 

body composition, 111 
bone mineralization, 118-119 
food intake, 111 
nutritional problems, 116 
obesity (UK), 163 
peak bone mass, 119 
undernutrition prevention in girls, 262 

Adrenaline, 15,86,141 
Adrenocorticoid hormones, 55 
Advertising, 40 
Aflatoxins, 31,159 
Agricultural research, 271 
Albumin, tissue protein status assessment, 251 
Alcohol, 68-73 

Atwater factor, 13 
balance, 166-167 
beverage composition, 70 
bone health effects, 197 
cancer associations, 159 
cardioprotective effects, 72,147 
chronic disease associations, 71,72 

dietary management of diabetes, 154 
energy intake contribution, 27, 69,166 
metabolism, 13, 69, 71 
nutritional status impairment, 72,177 

thiamin deficiency, 78 
thermogenesis, 16 
UK consumption, 68-69 

recommended limits, 68 
weight reducing diets, 170 

Alcohol dehydrogenase, 69 
Alcoholic hepatitis, 71 
Aldehyde dehydrogenase, 69 
Aldoses, 46 
Aldosterone, 74 
Allium sulphur-containing compounds, 

160-161 
a-amylase, 209 
a-carotene, 89 
a-linolenic acid, 56,113 
a-tocopherol, 94,149 

antioxidant activity, 93-94 
gene expression modulation, 94 
see also Vitamin E 

Amenorrhoea 
lactational, 127 
weight loss, 179 

Amino acid scoring method, protein 
quality evaluation, 66 

Amino acids, 60,61 
biochemical markers of nutrition, 251 
conditionally essential, 63 
deamination, 63 
essential, 63 
gluconeogenesis, 49, 61,62 
intestinal absorption, 212 
metabolic products synthesis, 61, 63 
metabolism, 63 
placental transfer, 122 
requirements, 63-64 

assessment, 66-67 
structure, 60 
supplementation in athletes, 139 
synthesis from carbohydrates, 47 
transamination, 63 
transporters, 212 

5-Aminosalicylic acid, 218 
Aminopeptidases, 212 
Aminostatic satiety signals, 20 
Ammonia metabolism, 63 
Amylopectin, 46 
Amylose, 46 
Anaemia, 184-189 

children/adolescents, 118,185 
of chronic disease, 184 
classification, 184 



-Anaemia - (cantirnued) 
coeliac disease, 211 
copper deficiency, 188, 189 
Crohn's disease, 216 
definition, 184 
develo~ine/developed countries, 258 
folate ieffhency, 18'5-189 
health consequences, 185 
iron deficiency see Iron deficiency anaemia 
pregnant women, 185,186,187,188,258 

maternal mortality risk, 124 
prevalence, 185 
riboflavin deficiency, 188, 189 
ulcerative colitis, 218 
vitamln B,, deficiency, 188, 189 
work performance impact, 185 

Angina pectoris, 144 
Angiotensin, 74 
Anorexia 

of ageing, 128 
Crohn's disease, 217 
ulcerative colitis, 218 

Anore,xia nervosa, 175.178-181.193 
binge-eating/purging sub-type, 179 
clinical features, 179-180 
epidemiology, 179 
management, 180 
outcome, 180 
restrichg sub-type, 179 

Anthocyanidins, 106 
Anthocyanins, 25 
Anthropometric measurements, 173,174,247-250 

accuracy, 249-250 
equipment, 248-249 
indices, 250 
reference standards, 250 
standardized methods, 248-249 
types, 247-248 

Anticonvulsants, 167 
folate interactions, 84 

Antidepressants, 167 
Antidiuretic hormone, 74 

alcohol consumption effects, 72 
Anti-hyperlipidaemic drugs, 91,93 
Antioxidant activitv 

iron, 99 
phvtochemicais, 106 
;itamin A, 89-90 
vitamin E, 93-94 

Antioxidant nutrients 
cancer protective activity, 160 
cardiovascular risk studies, 146 
supplements in athletes, 140 

Anti-retroviral agents, 167 
Apoproteins, 56 
Appearance of food, dietary pattern influence, 40 
Appetite, 19 

definition, 19 
gastrointestinal regulatory feedback, 213 
pregnancy-related changes, 122 
reomlation in obese people, 166 

Appetite suppressants, 171 
Arachidonic acid, 56,58,113 
Arginine, 63 
Arm circumference, 247 

measurement method, 249 
Arthritis, 129 
Arthritis urica see Gout 
Ascorbic acid see Vitamin C 
Asian diet, 147 
Aspartame, 30 
Associations, statistical measures, 235 
Atherosclerosis, 56,57, 92, 144 

elderly people, 129 
obesity association, 164 

Athletes, 138, 139 
see nlso Sport 

'Athletes anaemia', 140 
Atluns diet, 169 
Atopic eczema, food allergy, 221,222 
Atopy, 112 

hypoallergenic infant formulas, 114 
Atopy patch test (APT), 221 
Attitudes, dietary pattern variations, 3940 
Attributable risk, 235, 236 
Atwater factors, 13 
Atypical eating disorders, 178,183 
Availability of foods 

retailers' role, 41 
see also Food supply 

Ararabine, 131 
Azathioprine, 218 

B 
Barker hypothesis, 36,111, 257 
Barley, 24 
Basal metabolic rate 

elderly people, 130 
energy deficit calculation for weight loss, 168 
energy expenditure, 14,15 
measurement, 17 
obese people, 166 
pregnancy-related changes, 123 
total energy expenditure ratio (physical 

activity level; PAL), 18 
Beriberi, dry/wet, 78 
0-carotene, 89,90,146 
Bias, epidemiological studies, 236 
Bifidobncterium, 26, 113 
Bke, 211 
Binee eatine disorder. 183 " u 

Biochemical markers, nutritional intake/status, 
240,250,251-252,253 

acute phase reaction influences, 253 
amino acids, 251 
essential fatty acids, 251 
fat-soluble vitamins, 251 
functional indices, 253 
mineral nutrients, 252 
protein, 251 
water-soluble vitamins, 252 

Biological value, protein, 66 
Biotin, 252, 290 
Birth weight 

maternal physical activity effects, 124 
vegetarians, 36 
see also Low birth weight 

Bisphosphonates, 194 
Bladder cancer, 158 
Blastocyst, 123 
Blood, 7 
Blood clotting, 95,97, 102 
Blood glucose regulation, 20,50,52 
Blood pressure 

effects of sodium intake reduction, 147 
see also Hypertension 

Body composition, 5-10 
adolescents, 111 
changes throughout lifespan, 8-9 
elderly people, 128 
exercise effects, 9 
hydration influence, 9-10 
long-term stability, 20 
nutritional status assessment. 10 



use o: measurements, 10 
weight-losing diet effects, 9 

Body fluid osmotic pressure, 73,74 
Body mass index (BMI), 162,247,250 

chronic energy deficiency, 250 
obesity, 162, 250 
overweight, 250 
use in children. 110 

Body size 
basal metabolic rate relationship, 15 
changes throughout lifespan, 8-9 
energy cost of physical activity, 15 
nutritional status assessment, 10 
use of measurements, 10 

Bodv temoerabre reyulation, 55 - 
Bomb calorimeter, 13 
Bone. 96.98.99.105.192198 . . . 

alcohol consumption effects, 197 
body composition, 5,6 
caffeine-containing beverage effects, 197-198 
calcium requirement, 195-196 
composition, 192 
cortical (compact), 192 
dietary mineral effects, 197-198 
disorders, 193 
fracture, 193,194 
mineralization, children/adolescents, 

118-119 
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phyto-oestrogen effects, 197 
protein intake-related calcium losses, 196 
trabecular (spongy), 192 
vitamin A effects, 196 
vitamin B deficiency effects, 196 
vitamin C effects, 196-197 
vitamin D requirement, 195-196 
vitamin K effects, 197 

Bone marrow, 192 
Bone mass, 28,119,192,193 

elderly people, 128-129,131 
pubertal peak, 111 

Bone mineral density, 9,99 
Crokn's disease, 217 
lactation effects, 126, 193 
osteoporosis, 193 

Boron. 205 
Bovine spongiform encephalopathy, 32,265 
Brain 

glucose requirement, 50,51 
metabolic rate, 16 

Brassicas, iodine absorption inhibition, 104 
BRCAl/BRCAZ, 158 
Breast cancer, 107,155,156,158,160, 

161,165 
dietarv factors, 159,160 
inherited genetic factors, 158 

Breast milk, 112-113 
composition, 52,112-113 
digestion/absorption, 112 
transfer of components of maternal diet, 

126,222 
vitamin content with maternal deficiency, 

116 
Breastfeeding, 112,120,125-126,176,262 

bone mineral loss, 126,193 
maternal allergen exclusion diets, 112 
maternal undernutrition, 126-127,260 

direct interventions, 262 
milk output related to infant age, 115 
nutrient requirements, 126 

calcium, 193 
energy, 18 

protein, 65 
viral infection transmission. 126 

Brown adipose tissue, 8,16 
Bulimia nervosa. lll.l75,178.181-183,198 . . 

clinical features, 181-182 
epidemiology, 181 
management, 182 
outcome, 182 

Butter, 26, 41 
Butyrate, 160 

colonic mucosal metabolism, 51,212 
ulcerative colitis. 218 

C 
Cachexia, 61 
Caffeine 

bone health, 197-198 
drug-induced thermogenesis, 16 
as ergogenic aid, 141 

Calcidiol(25-hydroxycholecalcife~ol), 93 
Calcitonin, 97-98 
Caicitrioi (1,25-dihydroxycholecalciferol), 91~ 

93 
calcium homeostasis, 97, 98 
gene expression regulation, 91-92 

Calcium, 6,26, 96-99 
absorption/transport, 98-99 
bone, 192,194,195-196 
dental health, 205 
dental plaque, 201 
food sources, 98 
forms in food, 98 
functions, 96-97 
homeostasis, 93,97-98 

vitamin D regulation, 91-92 
muscle contraction, 136 
placental transfer, 123 
requirements, 99, 195-196 

lactation/pregnancy, 126,193 
status assessment, 99 

nutrition monitoring, 252 
urinary losses 

Crohn's disease, 217 
protein intake-related, 196 

vegetariadvegan diet, 35-36 
Calcium deficiency, 98 

coeliac disease, 215 
infants/adolescents, 118 

Calcium fluoroapatite, 105 
Calcium supplements, 98, 195 

elderly people, 132 
osteoporosis, 195-196 
in pregnancy, 125 

Calf circumference, 247 
Calorie, 12 
Cambridge Heart Antioxidant Study 

(CHAOS), 149 
Cancer, 52,155-161 

alcohol consumption-related risk, 72 
develo~ed country food and nutrition 

policies, 264 
dietarv factors, 159-160 
genetic factors, 157-158 
incidence, 155-156 
UK, 156 

metastasis, 157 
non-dietary causes, 158-159 
obesity association, 163,165 
pathophysiology, 156-157 
WCRF/AICR recommendations for 

prevention, 161 



Carbamazepine, 131 
Carbohydrate, 46-52 

Atwater factor, 13 
balance, 12,20, 166,167 
cereals/cereal products, 24 
contribution to energy needs, 27,28 
dental caries effects, 203 
digestion/absorption, 211-212 
heat of combustion (gross energy value), 13 
low-fat (weight reducing) diets, 169-170 
maiabsorption, 51-52 
metabolism, 4748 

hormonal control, 50-51 
oxidation during exercise, 137 

optimum performance strategies, 138 
reference intake values, 288 
root crops, 25 
tubers, 25 
utilization disorders, 52 
veeetarian diets. 34 

~arbihydrate-rich sports drinks, 138 
Carbon dioxide, energy expenditure 

measurement, 17 
Carboxypeptidases, 211,212 
Carcinogenesis, 157 

dietary mutagens, 159-160 
inherited genetic factors, 157-158 
plant anti-carcinogens, 160-161 

Carcinoeens, 30,31 
Cardiackuscle, 6,7 
Cardiovascular disease, 143-150.231 

prevalence, I44 
protective dietary patterns, 147 
public health interventions, 263 
risk factors, 145 
terminology, 144 
see nlso Coronary heart disease 

Cardiovascular risk, 145 
alcohol consumption effects, 71-72 
cardioprotective dietary patterns, 147 
clinical trials of dietary modification, 

147-149 
diabetes, 152,153 
dietary fattv acids, 144-145 
homocysteine, 83 
lipoproteins, 57 
nutritional determinants, 145-146 
obesity, 163 

Carnitine, 57,113 
as ergogenic aid, 141 

Carotenoids, 25,89,160 
absorption, 91 
antioxidant activity, 89-90 
food sources, 90 
intake estimation, 253 
vitamin A provitamins, 89 

Case-control studies, 239 
Casein, 26,113,205 
Cassava, 67,104 
Catalase, 69, 99 
Catechins, 106 
Catecholamines, 71, 86 
Causation, epidemiological studies, 

237 
Cell membranes, 54,55 
Cell signalling, 55,97 
Cellulose, 46 
Cementum, 200 
Central nervous system, alcohol consun 

effects, 71 
Cereals/cereal products 

infant complementary feeding, 115 
iron fortification, 188 

nutritional importance, 24 
protein quality, 67 
1lVestern diet, 23,26-27 

change over time (UK), 41 
wholegrain, cardioprotective effects, 147 

Cervical cancer, 156,158,165 
Cheese, 26 
Chemical energy, 11,12,135 
Chewing, 116,209 

learning in infancy, 116 
Children, 109-110 

anaemia, 118,185 
iron deficiency, 186, 187 

anthrooometric measures. 247.248 . . 
height, 249 
malnutrition evaluation. 173. 174 . . 
reference standards, 250 
Z scores, 250 

bone 
fractures, 193 
mass accrual, 195 
mineralization, 118-119 
peak mass, 119 

dental caries, 199 
energy intake/requirements, 18, 116 
experiences influencing adult dietary 

pattern, 40 
failure to thrive see Failure to thrive 
food allergy/intolerance, 221 
food intake, 111 

snacks and meals, 116,119,176 
metabolic rate per kg body weight, 16 
nitrogen balance, 61 
nutrition, 116-119 

assessment, 110,247,248 
obesity, 117-118 
physical maturation, 110-111 
protein requirements, 65 
psychomotor maturation, 111 
undernutrition. 110.172-173.174.176. . . . . . 

257,260 
vegetarian/vegan diet, nutrient deficiency 

risk, 33,34,36 
see also Adolescents; Infants 

Chinese-style salted fish, 159 
Chloride, 6 

intake, reference values, 290 
105s with water losses, 74 

Cholecalciferol (vitamin D3), 91, 92,93 
calcium homeostasis, 97, 98 

Cholecystohnin, 20,128,211,213 
Cholera, 212-213 
Cholesterol, 26 

cardiovascular risk, 144,145 
clinical trials of dietary modification, 

148-149 
cell membrane, 54,55 
diabetic patients, 153,154 
functions, 55 
intestinal absorption, 212 
metabolism, 57 
transport, 56,57 
vegetarian diet, 34 

Cholesiyramine, 217 
Chromium, 105 
Chromosomes, 226 
Chronic energy deficiency, 172,173,174,177,250 

causes, 175 
see also Undernutrition 

Chronic nutritional diseases (diseases of 
affluence) 

causes, 260,261 
public health interventions, 262,263-264,266 



Chylomicrons, 56,57, 91,93, 94 
enterocyte secretion, 212 

Chyme, 211 
ch$rnotrypsin, 211 
Circumference measurements, 248,249 
Cirrhosis, alcohol-induced, 71,72 
Cis fatty acids, 54 
Climate change, 269-270 
Clostridium botulinum, 31 
Cochrane Collaboration, 239 
Coeliac disease, 115,193,214-215 

associated autoimmune disorders, 214-215 
cliivcal features, 214 
complications, 215 
genetic factors, 214 
nutritional deficiencies, 215 
pathology, 214 
treatment, 215 

Coenzyme A (CoA), 87 
Cognitive impairment, 257 

due to stunting, 175 
elderly people, 129 
iodine deficiency, 103-104 
iron deficiency anaemia, 187 

Cohort studies, 239 
Cold-induced thermogenesis, 15-16 
Collagen, 6,86 

bone, 192,196 
Colon 

absorption, 210 
water/electolytes, 212-213 

digestion, 210 
microflora fermentation processes, 51,212,213 

Colon cancer, 212 
ulcerative coliti-related risk, 218 
see also Colorectal cancer 

Colorectal cancer, 155,156, 160, 165,231 
dietary factors, 159,160 
dietary fibre protective activity, 160 
folate protective activity, 160 
inherited genetic factors, 158 

Colostrum, 112 
Colours, additives, 29 
Comfort foods, 39 
Community intervention studies, 239 
Complementary feeding see Weaning 
Conditionally essential amino acids, 63 
Confounding factors, 237 
Coolung processes, 28 
Cooling effects of foods, 38 
Copper, 104-105,174 

deficiency, 129 
anaemia, 184,188,189 
children/adolescents, 118 
Crohn's disease, 217 

influence on growth, 175 
placental transfer, 123 

Coronary heart disease, 2,52,111,1.14,230,256 
dietary factors, 144-147 
obesity association, 164 
prevalence, 144 
risk factors, 145 

see also Cardiovascular risk 
Corticosteroids, 217,218 
Cortisol, 63 

endocrine obesity, 167 
Cost-effectiveness trials, public health 

interventions, 262 
Cow's milk allergy, 222 

with malabsorption syndrome, 222 
treatment, 222-223 

Cow's-milk-sensitive colitis, 222 
Creatine, as ergogenic aid, 141 

Creahne phosphate, 136 
Crohn's disease, 215-217 

clinical features, 216 
dietary treatment, 217 
nutritional deficiencies, 216-217 

Cross-sectional studies, 238-239 
Cryptoxanthin, 89 
Cultural factors, dietary pattern variation, 38 
Cyanocobalamin, 85 
Cyclamates, 30 
Cytochromes, 99 
Cytomegalovirus, 126 

Dalry products, 26 
Western diet, 24, 27 

DASH (Dietary Approaches to Stop 
Hwertension). 147 ,, 

Deamination, 63 
Decarboxyiation, 81 
Deciduous dentition, 198 
Dehydration, 74 

alcohol consumption-related, 72 
body composition influence, 9-10 
exercise-related, 139 

Dementia, 129 
Demispan, 247 

measurement method, 249 
Dental abrasion, 198 
Dental attrition, 198 
Dental caries, 198, 199-206 

causation, 199-200 
role of plaque, 200-201 

decay process, 199-200 
epidemiology, 199 
promoting factors, 202-203 
protective factors, 202,204-205 
severity index (dmft/DMFT index), 199 
Stephan curve, 201-202 

Dental disease, 198 
Dental erosion, 198,204 
Dental ~ l a a u e ,  200-201 
Dentin:, 260 
De~artment for the Environment Food 

and Rural Affairs, 265 
Diabetes mellitus, 2,150-155,266 

benefits of weight reduction, 133 
cardiovascular disease risk, 153 
developed countries, 256 

food and nutrition policies, 264 
dietary management, 153-154 
elderly people, 129 
hyperglycaemia, 150,151,152,153 
hypoglycaemic oral agents, 154 
insulin thera~v, 155 

L 2 

maternal, 122 
microvascular com~lications. 152-153 
physical activity recommendations, 154 
public health interventions, 263 
type 1,150-151,153,155,214 

hypoglycaemia prevention during exercise, 
symptoms/signs, 151 

type 2,111,151,153,155,230 
duldren/adolescents, 117 
insulin resistance, 152,154 
macrovascular complications, 152 
obesity association, 151,152,163-164 
onset prevention, 153-154 

Diabetic nephropathy, 153 
Diabetic retinopathy, 152-153 
Diet history, 246, 247 



Diet and Reinfarction (Dart) Trial, 148 
Diet-induced thennogenesis, 16 
Dietary assessment, 212-247 

household level, 24G245 
individual level, 2455246,247 
methods, 242-243 
objectives, 242 
regional/national level, 243-244 

Dietary energy supply per capita, 258 
Dietary pattern variation, 33-37 

biological/physiological factors, 36-37 
change over time (UK), 41-42 
cultural/religious factors, 38 
current global changes, 41 
disease prevention/ treatment, 38 
economic factors, 37-38 
educational factors, 3940  
extrinsic factors, 40 
food taste/appearanre, 40 
health beliefs/attitudes, 3940  
novel foods, 42 
personal/psychologicai factors, 39 
retailers' role, 41 
seasonality, 40 

'Digestible' polvsaccharides, 46 
~i&st ion ,  2b7,20&213 

colon, 210,212 
mouth, 209,210 
small intestine, 210,211 
stomach, 209,210,211 

Direct calorimetry, 17 
Disaccharidases, 212 
Disaccharidei, 46 

intestinal hydrolysis, 212 
Diseases, 143-189 

of affluence see Chronic nutritional diseases 
nutritional epidemiology, 239,240 

Diuretic abuse, 10,179,181,182 
DNA, 226 

methylation, 83 
mutations 

carcinogenesis, 157 
caused by dietary factors, 159-160 

structure, 62 
transcription, 62,226 

DKA microarrays, 229 
DNApolymerases, 102 
Docosahexanoic acid, 58,113 

cardioprotective effects, 146,149 
vegetarian/vegan diet, 35 

Dopamine, 213 
Double-labeiled water, energy expenditure 

measurement, 17-18 
Drug-induced thermogenesis, 16 
Duodenal brake, 211 
Duplicate diet method, 245,246 

Eating disorder not otherwise specified 
(EDNOS), 183 

Eating disorders, 178-184 
Ecological studies, 238 
Economic factors, dietary pattern variation, 37-38 
Eczema, infantile, 112 
Educational factors, 1,256,261 

dietary pattern variation, 3940 
Effectiveness trials, public health interventions, 

262 
Efficacy trials, public health interventions, 262 
Eggs, 26 

Western diet, 24,27 

E G M C  values, 80 
Eicosanaids, 55 
Eicosaoentanoic acid, 56,58,113 

cardioprotective effects, 146, 149 
Elastase, 211 
Elderly people, 127-133 

anorexia, hormonal mechanisms, 128 
anthropometric measurements, 247,249 
basal metabolic rate, 130 
body composition, 9,128 
bone mass, 128-129,131 
bone mineral content, 192-193 
energy requirements, 130 
fractures, 193 
mineral requirements, 131-132 
nutritional status assessment, 132 
nutritional support, 133 
pathological changes, 129-130 
physical activity, 128, 130 
physiological changes, 128-129 
protein:energy (P:E) ratios, 65 
protein requirements, 130 
sarcopenia, 177 
taste sensitivitv, 40 
thermogenesis', 130 
undernutrition, 127,128,129,132,177 . . . .  

in care settings, 133 
in community, 132-133 

vitamin BIZ deficiency/malabsorpiion, 85, 
128,131 

vitamin D, 93,252 
vitamin intake/requirements, 130-131 

Electrical work, 12 
Electrolytes 

balance, 74 
body composition, 6 
colon uptake, 212-213 
endurance exercise 

losses, 139 
replacement, 140 

extracellular fluid, 6 
intracellular fluid, 6 

Electron transport chain, 48,99 
Elemental diets, 217 
Elimination diets/provocation tests, 221 
Elongases, 58 
Embryogenesis, 123 
Enamel, 200 

defects, 198 
demineraliration/remineralization, 201 
hypoplasia, 198 

Endocrine obesity, 167 
Endometrial cancer, 158,160,165 
Endopeptidases, 212 
Endurance training, 137,138 
Energy balance, 5522,213 

basic concepts, 11-12 
intake/expenditure integration, 21 
negative, 12 
obese people, 117,166-167 
positive, 12 
pregnancy, 175 
time scale, 18-19 
undernutrition, 174 

Energy expenditure, 14-15 
autoregulatory adjustments, 21 
components, 14-16 
measurement, 17-18 
organ/tissue metabolism, 16-17 
total expenditure/basal metabolic rate 

ratio (physical activity level; PAL), 18 
Energy intake, 13-14,46,69 

children, 116 



elderly people, 128 
exercise training, 137-138 
food intake patterns, 13 
reference values, 287 
vegetarians, 34 

Energy metabolism, 1 7 4 8  
muscle contraction, 136 
obese people, 166 

Energy requirements 
definition, 18 
elderly people, 130 

, L  A 

estimation, 18 
exercise traininz, 137-138 
lactation, 126 
macronutrient contributions 

developing countries, 28 
Western diet, 27-28,29 

pregnancy, 123 
protein synthesis, 63 

Energy sources, 12-13 
carbohydrate, 47, 136,137 
fats, 54-55,136-137 
muscle contraction, 136 

exercise intensity/duration, 137 
Energy transformations, 11-12 

in muscle, 135-136 
Energy, units, 12 
Energy values of rnacronutrients, 13,14 
Engels' Law, 37 
Enteral feedine, 217,218 

u 

Enteric nervous system, 207 
Enterocytes, 56, 212 
Enterovirus infections, 31 
Epidemiological studies 

association measures, 235-236 
bias. 236 
causation, 237 
challenges in nutritional analyses, 239-240 

use of biomarkers, 240 
chance associations, 237 
confounding factors, 237 
effect measures, 235-236 
experimental designs, 238,239 
experimental interventions, 235 
exposure, 234-235 
interpretation of results, 236-237 
observational designs, 238-239 
outcomes, 234 
population at risk definition, 234 
quality of measurements, 236,237 
systematic reviews, 239 

Epidemiology, nutritional, 233,239-241 
definitions, 234,235 
diet as exposure, 239-240. 
latency periods, 234 
measurement of dietary variables, 240 

Ergocalciferol (vitamin DZ), 92,93 
Ergogenic aids, 140-141 
Erythrocyte protoporphyrin, 102 
Essential amino acids, 63 
Essential fatty acids, 56,58 

biochemical markers of nutrition, 251 
breast milk, 113 
placental transfer, 123 

Ethanol see Alcohol 
Ethical factors, food choice, 38 
Ethnic factors, obesity, 163 
European Food Safety Authority, 265 
European Union Common Agricultural 

Policy, 271 
Evidence base, 3 
Exclusion diets, irritable bowel syndrome, 220 
Exercise, 262 

aerob~c, 136 
anaerobic, 136 
anorexla nervosa, 179 
body composlhon changes, 9 
bone health, 194 
dlabetes management, 154 
elderly people, 128,130 
electrolytes, 139-140 
endurance, 136,139 
energy expenditure, 14,15 

measurement, 17 
fatigue onset, 137 
fluid balance, 75,139-140 
heat loss, 139 
obesity prevention, 165 
obesity treatment, 170-171 

children/adolescents, 117,118 
post-exercise period food/fluids, 138, 139 
pregnancy outcome effects, 124 
protein requirements influence, 65 
strength, 139 
substrate utilization, 136-137 

intensity/duration influence, 137 
training effects, 137 

see also Sport 
Expenditure and Food Survey, 2 4  
Experimental designs, epidemiological studies, 

238,239 
Exposure, epidemiological studies of diet, 

239-240 
Ekternal validity (generalizability), 236 
Extracellular fluid, 6 

F ,  
Factorial models, protein requirements, 6465 
Faeces 

food energy losses, 13 
nitrogen losses, 61,64 

Failure to thrive, 117,257 
coeliac disease, 214 
Crohn's disease, 216 

Family Expenditure Survey, 244 
Famine, 176,268 
Farm subsidies, 270-271 
Fasting, 50 

carbohydrate metabolism, 50-51 
energy metabolism, 48,49 
fatty acid oxidation, 58 

Fat (body fat), 6, 8, 20 
age-related changes, 9 
distribution, 8 
elderly people, 128 
exercise effects, 9 
infants/children, 110 
measurement techniques, 162 
ovulation (fertility) association, 120 
proxy anthropometric measurements, 247 
weight-losing diet effects, 9 

Fat-free mass, 6, 13, 20 
age-related changes, 9 
basal metabolic rate relationship, 15 
elderly people, 128 
exercise effects, 9 
measurement techniques, 162 
starvation effects, 9 
weight-losing diet effects, 9 

Fat-soluble vitamins, 55,89-96 
biochemical markers of nutrition, 251-252 
deficiency 

coeliac disease, 215 
Crohn's disease. 217 



Fat-soluble vitamins - (continued) 
intestinal absorption, 212 
reference values, 289 

Fats, 53-60 
adipose tissue storage, 136-137 
Atwater factor, 13 
balance (lipid balance), 12, 20 
breast milk, 113 
digestion/absorption, 208,209,210,211,212 
energy needs contribution, 27,28 
functions, 54 
heat of combustion (gross energy value), 13 
infant complementary feeding, 115 
intake 

cardiovascular risk, 144-145,148 
chldren, 116 
diabetic patients, 154 
lipoprotein response, 145 
obese people, 166 
recommendations in developed 

countries, 264 
reference values, 288 
vegetarians, 34 

metabolism, 47,56-60 
intracellular, 57-58 

nutritional importance, 26 
Western diet, 24,25,26 

oxidation during exercise, 137 
optimum performance strategies, 

138-139 
quality in low-fat (weight reducing) 

diets, 170 
transport, 56-57 

Fatty acetyl CoA, 57-58 
Fatty acid synthase, 229 
Fatty acids, 53,54 

cell membrane composition, 55 
desaturation, 58 
elongation, 58 
essential, 56,58,113 
metabolism, 55,57, 85 

diabetes mellitus, 151 
during exercise, 137 
enterocyte, 212 
fasting state, 51 
intracellular oxidation, 57-58 

structure, 54 
synthesis, 48, 50,58 

from carbohydrates, 47 
Fatty liver (steatosis), 71 
Ferritin, 101, 102, 186 

translation regulation, 228 
Fertilitv, 120. 125.163. 165 ,. . . 
'Fetal origins' hypothesis, 230 
Fetus 

bone mineralization, 192 
growth/development, 8, 123 

body composition, 9 
nutrients transfer, 122-123 
undernutrition prevention, 175 

Fibre, dietary 
benefits, 52 
carbohydrates, 46 
cereals/cereal products, 24 
childhood nutrition, 116 
colorectal cancer protective activity, 160 
diabetes management, 154 
functions, 51 
irritable bowel syndrome, 219,220 
low-fat (weight reducing) diets, 169-170 
metabolism, 51 
recommendations in developed countries, 

264 

vegetable/frult sources, 25 
vegetarian diet, 34 
viscous (soluble), 51,52 

First law of thermodynamics, 11-12 
Fish, 24, 25-26, 27 

cardioprotective effects (oily fish), 146,148 
Flavanones, 106 
Flavin adenine dinucleotide, 48, 75 
Flavin mononucleotide, 79 
Flavonoids, 106, 146, 160 
Flavours, additives, 25 
Fluoride. 105 

bone health, 157 
dental caries orevention. 199.202.204-205 . . 
intake estimation, 253 
toothpaste, 195,204,205 

Fluoroapatite, 204 
Fluorosis, 105,197,198,204,205 
Foam cells, 57 
Folate, 82-83 

absorption/transport, 84 
biochemical marker of nutrition, 252 
cardioprotective effects, 146,147 
cereals/cereal products, 24 
colorectal cancer protective activity, 160 
dietary requirements, 84 
food sources, 84 
forms in food, 84 
gingivitis prevention in pregnancy, 198 
high intake adverse effects, 84 
metabolic functions, 83 
status assessment, 84 
vegetable sources, 25 

Folate deficiency, 2, 83, 125,258 
alcoholics, 72, 177 
anaemia, 184,188-189 
bone health, 156 
children/adolescents, 118 
coeliac disease, 215 
Crohn's disease, 217 
drug induced, 83 
elderly people, 131 
neural tube defects association, 83 
secondary to vitamin B,, deficiency, 85 

Folate supplements, 266 
neural tube defects prevention, 120-121 
preconception, 83 

Folic acid, 83, 84 
Follow-on formula, 114 
Food additives, 29-30 
Food allerry, 112,212,220-222 . . 

definitig, 220 
diagnostic approaches, 221 
dietary treatment, 222 
presenting features, 221-222 

Food availability data, regional/national, 
243-244 

Food aversions, psychologically-based, 220 
Food balance sheet data, global, 258 
Food demand, global, 270 
Food and Drug Administration, 265 
Food frequency and amount auestionnaire, 

2&, 24? 
Food erouus. Western diet. 23-24 
~ o o d  ktal;e,'13 

cardiovascular risk see Cardiovascular risk 
children/adolescents, 111,116, 119 
factors contributing to poor control, 19 
low-energy diets, 165-170 
macronutrients, 26-27 

contribution to energy needs, 27-28,29 
obese people, 166 
older adults, 128, 129 



pregancy-related changes, 122 
regulation, 19-21 

long-term, 20 
medium-term, 20 
short-term, 20 

vegans, 35 
vegetarians, 33-35 

Food intolerance, 220-222 
definition, 220 
diagnostic approaches, 221 
dietary treatment, 222 
presenting features, 221-222 

Food labelling, 262 
Food legislation, 262 
Food poisoning, 31 
Food processing, 28 

toxic component formation, 30 
types, 28 

Food production measurement/ 
reporting, 243 

Food safety, 265 
Food security, 265 

biotechnology applications, 271-272 
definition, 267-268 
globalization issues, 270 
world food demand, 270 

Food sensitivity, definition, 220 
Food Standards Agency, 265 
Food supply, 256,267-270 

constraints to prodution, 269-270 
future projections, 269 
'Green Revolution'. 268-269 
past crises, 268 

Food toxins/-oollutants, 30-31 
A 

Food-borne diseases, pregnant women, 124 
Formula feeding see Infant formula 
Fractures, 193,194 

osteoporotic, 194,196,197 
'French Paradox', 146 
Fructo-oligosaccharides, 46 
Fmctose, 46,47 

cariogenic potential, 203 
intestinal absorption, 212 
metabolism, 48,51 

Fructose olieosaccharide. 213 
u 

Fruit, 25 
antioxidant activitv. 27 
dental health effe&, 203-204 
Western diet, 23, 27 

intake recommendations, 264 
variations within UK, 33 

Fruitarianism, 33 
Functional foods, 42,141 
Functional indices, nutritional status 

assessment, 253 
Fungal toxins (mycotoxins), 31 

G 
Galactose, 46 

intestinal absorption, 212 
metabolism, 48 

Gall bladder, 211 
Gall bladder cancer, 165 
Gallstones, 165 
7-carboxyglutamate (Gla), 95 
Gastric acid, 209,211 
Gastr~c bypass, 171 
Gastric digestive processes, 209,210,211 

cephalic phase, 209 
gastric phase, 209 
intestinal phase, 209 

Gastric emptying, 211 
optimum sports performance strategies, 138 

Gastric lipase, 211 
Gastrin, 209 
Gastrointestinal peptide hormones, 207 
Gastrointestinal tract, 207-223 

diseases, 213-223 
feeding regulation, 213 

satiety signals, 20 
functional development, 112 
immune functions, 207 
pregnancy-related changes, 121-122 
regional anatomy, 210 
sites of nutrient absorption, 210 
structure, 207,208 

intestinal wall, 209 
Gender-related differences 

basal metabolic rate, 15 
body composition, 5,8 
energy requirements, 18 

Gene expression, 226 
measurement, 228-?29 
nutrient effects, 229-230 

a-tocopherol, 94 
calcitriol, 91-92 
retinoic acid, 89 
retinol, 227 

regulation, 226-227 
Gene-nutrient interactions see Genomics. nutritional 
General Agreement on Tariffs and Trade 

(GATT), 270 
~eneralizability (external validity), 236 
Genetic code, 62,226 
Genetic factors 

carcinogenesis, 157-158 
coeliac disease, 214 
Crohn's disease, 216 
diabetes mellitus type 1,150-151 
lipoproteins, 145 
muscle fibre composition, 136 
obesity, 165,231 
personalized nutrition, 231 
ulcerative colitis, 218 

Genetic polymorphisms, 230-231 
cance; ri;k, 156 

Geneticallv modified (GMi croos. 42.265 , A 

adoption in developing countries,271-272 
intellectual property rights, 272 

Genomics, nutritional, 225-232 
study methods, 228-229 

Gingivae (gums), 200 
Gingivitis, 198 
GISSI-Prevenzione Study, 149 
Gliadin, 214 
Global warming, 270 
Globalization, 266,270-271 
Glucagon, 50,51,58 
Glucagon-like peptides, 211 
Gluconeogenesis, 49-50,61,62 

diabetes mellitus, 131 
fasting state, 51 

Gluco-oligosaccharides, 203 
Glucosamine, 47 
Glucose, 46,47 

glycogen synthesis, 48 
intestinal absorption, 212 
metabolism, 13,47 

aerobic (complete oxidation), 48 
anaerobic oxidation, 4748 

placental transfer, 122 
plasma concentration regulation, 20,50,52 

fasting state, 50-51 
fed state, 50 



Glucose polymers, 203 
Glucose tolerance impairment, 52 
Glucose transporters, 212 
Glucosidas*s, 212 
Glucostatic satiety signals, 20 
Glucuronic acid, 47 
GLUT2,212 
Glutamine, 63 
Glutathione, 79,93 
Glutathione peroxidase, 105,252 
Gluten, 214 

intolerance see Coeliac disease 
Gluten-free diet, 214,215 
Glutenin, 214 
Glycaemic index (GI), 4647,52 

dietary management of diabetes, 154 
lorn-fat (weight reducing) diets, 170 

Glycerol, 48,50 
Glycogen, 13,20,21,47,4849 

breakdown, 9,4849,51 
liver storage, 136 
muscle storage, 136 

pre-performance enhancement, 138 
restoration following exercise, 138,139 

oxidation during exercise, 137 
optimum performance strategies, 138 

synthesis, 48,50 
Glycogenostatic satiety signals, 20 
Glycolipids, 47 
Glycolysis, 47-48,136,141 
Glycoproteins, 47 
Goitre, 103,104 

worldwide dishibution/extent, 258 
Goitrogens, 104 
Gout, 71,164 
'Green Revolution', 268-269,271 
Growth, 1,8,109 

body composition changes, 9 
bone mineralization/modelling, 192, 193 
fetal, 8,9,123 
nihogen balance, 61 
reference standards, 250 
retardation see Stunting 
vegetarian/vegan diet, 36 

Growth hormone, 192 
Guar gum, 52,213 

H 
Haem, 99,100 

absorption, 101 
Haematocrit, 7 
Haemoduomatosis, 100 
I-iaemoglobin, 7,99,101,102,186 

athletes, 140 
developmental changes, 118 
levels according to age, 184 
in newborn, 187 
pregnancy-related changes, 121 

Haemosiderin, 101 
Harpenden skinfold caliper, 248 
Health beliefs, dietary pattern variations, 39 
Heart failure 

associated oedema, 10,74 
diabetes type 2 association, 152 
vitamin FI deficiency, 78 

Heart, metabolic rate (energy expenditure), 
Heart Outcomes Prevention Evaluation 

(HOPE) Study, 149 
Heart rate 

energy expenditure measurement, 17 
pregnancy-related changes, 121 

Heat of combustion (gross energy value), 13 
Heating effects of foods, 38 
Height for age, 217,250 
Height measurement, 247 

equipment, 248 
standardized methods, 248-249 

Height, reference standards in children, 250 
Helminths, 32 
Hepatitis A, 31 
Hepatitis B,. 158, 159 

breast milk transmission, 126 
Hepatitis C, 158 
Hereditary fructose intolerance, 202 
Hereditary non-polyposis colon cancer, 158 
High fat diets, exercise performance 

effects, 139 
High-density lipoproteins (HDL), 56 

cholesterol transport, 57 
Hill, Austin Bradford criteria, 237 
Hip circumference, 248 

measurement, 248,249 
Hisf dine, 63 
HW/AIDS, 259,266,268,270 

breast milk transmission, 126 
infant feeding, 176 

Homeless people, undernutrition, 177 
Homocysteine, 83,196,258 

cardiovascular risk, 83,146, 147 
coeliac disease, 215 
folate in regulation, 83 
levels in elderly people, 131 
5,lO-methylenetetrahydrofolate 

reductase polymorphism 
influence, 230 

nutrition status assessment, 253 
vegetarians/vegans, 3L36 

Hookworm, 187 
Hospital patients, undernutiition, 177 
24-Hour recall, 245, 246 
Household dietary assessment, 244 

food acounts, 244 
household record, 244 
inventory method, 244 
list recall, 245 

Household food insecurity, 260 
Household measures technique, 245,246 
Human papilloma virus, 158 
Human rights, 256,266,268 
Hunger, 19 

anorexia nervosa, 179 
brain control centres, 19 
definition, 19 
due to food insecurity, 268 
national level estimation, 244 

Hydration, body composition influence, 9-10 
Hydroxocobalamin, 85 
Hydroxyapatite, 96,98,192 

enamel, 200,201 
24-Hydroxycalcidiol, 93 
Hyperphagia, 166 
Hypertension, 230 

alcohol consumption-related, 72 
4 0  cardiovascular risk, 144 

diabetes type, 2, 153 
effects of sodium intake reduction, 147 
elderly people, 129, 131 
metabolic syndrome, 164 

16 obesity association, 164 
Hypertensive disorders of pregnancy, 125 
Hypoallergenic infant formula, 114 
Hypoglycaemic oral agents, 154 
Hypoihalamic-pituitary-gonadal axis. alcohol 

consumption effects, 71 



Hypothalamus 
hunger-satiety centres, 15,20 
water balance regulation, 73,74 

Hypothermia, elderly people, 130 
Hypothyroidism, endocrine obesity, 167 
Hypoventilation syndrome, 165 

I 
Ileal brake, 211 
Immobility, weight gain, 167 
Immune function, 89,92, 94 

elderly people, 129 
gastrointestinal tract, 207 
iron, 55-100,187 
zinc, 102 

Immune system maturation, 111 
Immunoglobulins, 26,207 

breast milk, 112,113 
placental transfer, 122 

Incidence, definition, 234,235 
'Indigestible/unavailable' polysaccharides, 46 
Indirect calorimetry, 17 
Individual level dietary assessment, 245-246 

prospective methods, 245 
retrospective methods, 245,246,247 
strengths/limitations of measurements, 246 

Infant formula, 114,125,126 
composition, 112,113,114 
cow's milk allergy management, 222 
digestion/absorption, 112 
specialized, 114 

Infant Formula and Follow-on Formula 
Replations, 114 

Infant measuring board, 248 
Infants, 109-110 

breastfeeding, 112-113 
cow's milk intake, 116 
food intake, 111 
formula feedine. 114,125,126 u. 

gastrointestinal function development, 112 
immunological development, 111-112 
nutrition, 112-116,176 

relationship to adult health (Barker 
hypothesis), 111 

renal function development, 112 
undernutrition, 260 

-. 
~nfection; 

negative nitrogen balance, 61 
role in undernutrition, 260 

Infectious agents, cancer associations, 158 
Infertility, obesity association, 120,125,163, 

165 
Inflammatory bowel disease, 193,215 

see also Crohn's disease; Ulcerative colitis 
Information bias, 236 
Information provision, nutritional, 262 
Insulin, 92,102,105 

diabetes pathophysiology, 150 
type 1,150,151 
type 2,151,152 

fat metabolism reeulation. 58 - 
functions, 50,52 
protein synthesis regulation, 63 
secretion, 47,50,51 

Insulin resistance, 55 
diabetes type 2,152,154 
metabolic syndrome, 164 
pregnanct women, 122 

Insulin therapy, 155,167 

Insulin-like growth factors, 152 
Intestinal biopsy, 221 
Intestinal bypass, 171 
Intestinal motility, 211, 213 
Intracellular fluid, 6 
Intrauterine growth retardation, 124,175,188 
Intrinsic factor, 85 
Iodine, 26,103-104 

absorption, 104 
deficiency, 103-104 

worldwide extent, 258 
dietary requirements, 104 
dietary sources, 104 
excess, 104 
functions, 103 
metabolism, 104 
nutrition status monitoring, 252 

intake estimation, 253 
status assessment. 104 . 
tissue distribution, 104 
transport, 104 
vegetarian diet, 34 

lodothyronine deiodinase, 105 
Ionizing radation, cancer associations, 159 
Iron, 99-102 

absorption, 101 
vitamin C enhancement, 86,100,101,118 

antioxidant activity, 59 
bioavailability, 100-101 
cereais/cereal products, 24 
deficiency, 100,129 

children/adolescents, 34,118 
elderly people, 132 
worldwide extent, 258 

dietary requirements, 102 , 
food sources, 100 
forms in food, 100 
functions, 7,99-100 
homeostasis, 101 
overload, 99,100 
status assessment, 102,186' 
supplements, 185,187-188 

athletes, 140 
pregnant women, 188 

transferrin receptors gene expression 
regulation, 228 ,~ 

transport, 101 
vegetarian diet, 34,35 

Iron deficiency anaemia, 99, 100, 140, 184, 185, 
186-187 

chldreniadolescents, 118,187 
coeliac disease, 215 
cognitive development impairment, 187 
Crohn's disease, 216 
immune function effects, 187 
prevention, 188 
treatment, 187-188 

Irritable bowel syndrome, 218-220,221,222 
clinical features, 215 
dietary treatment, 220 

Ischaemic heart disease see Coronary heart 
disease 

Isoflavones, 161,197 
Isoleucine, 63 
Isomaltose, 212 
Isoniazid, 82 
Isoprostanes, 253 
Isothiocyanates, 160 

J 
Joule (I), 12 



K 
Keshan disease, 105 
Ketoacidosis, 71 
Ketone bodies 

diabetes mellitus type 1,151 
synthesis, 58 

Ketoses, 46 
Kidney 

gluconeogenesis, 49,51 
metabolic rate (energy expenditure), 16 

Kidney cancer, 158,160 
Kilocalorie, 12 
Kwashiorkor, 173-174,175,186,251 

clinical features, 174 
nutritional oedema, 10,173,174 

L 
Ladalbumin, 26,113 
Lactase, 112,223 

congenital deficiency, 52 
Lactate, 48, 141 
Lactation see Breastfeeding 
Lactational amenorrhoea, 127 
Lactic acidosis, 71 
Lactitol, 213 
Lacto-vegetarianism, 33 
Lnctobacillus, 26, 113 
Lactoferrin, 112,113 
Lactose, 46,47,112,113 

intolerance, 112,220,223 
malabsorption 52 

Lard, 26 
Laryngeal cancer, 160 
Latency period, 234,242 
Laxative abuse, 179,181,182 
Lean body mass see Fat-free mass 
Lerumes. 25 

k e s t e k  diet, 27 
Leutin. 8.20.229.231 A . .  . . 

gene mutations, 231 
Leucine, 63,85,175 
Leucotrienes, 56 
Lignans, 161 
Lingual lipase, 209 
Linoleic acid, 56,58, 113 
Linolenic acid, 58 
Lipase inhibitors, 171 
Lipoprotein(a), 56 
Lipoprotein lipase, 54,55,57 
Lipoproteins, 55,56 

classes, 56 
endogenous pathway, 57 
exogenous pathway, 56-57 
receptor interactions, 56 

Lipostatic satiety signals, 20 
Listerin, 124 
Lithium, 167,205 
Liver 

alcohol consumption effects, 72 
alcohol metabolism, 69 
glucagon effects, 51 
gluconeogenesis, 49 
glycogen, 136 

metabolism, 48,49 
insulin effects, 50 
iron storage, 101 
lipid metabolism, 57 
metabolic rate (energy expenditure), 16 
vitamin A storage, 91 

Liver cancer, 155,158,159,160 
Los Angeles Veterans Adminishation Study, 1 
Low birth weight, 124-125,175 

d e b t i o n ,  125 
maternal anaemia, 186 
public health interventions, 262-263 
relationship to adult health (Barker 

hypothesis), 111 
specialized infant formula, 114 

Low income, associated dietary patterns, 33 
Low-density lipoproteins (LDL), 56 

cholesterol transport, 57 
coronary heart disease risk, 145 
metabolism, 57 
n-6 polyunsaturated fatty acid effects, 145, : 
uptake by macrophages, 57 

Low-energy diets, obesity treatment, 168,169 
Low-fibre, fat-limited exclusion diet (LOFFLE 

Crohn's disease, 217 
Lung cancer, 155,156,158,159 
Lutein, 160 
Lycopene, 160 
Lymphatic system, chylomicron transport, 56 
Lyons Heart Study, 148 
Lysine, 63,67 
Lysozyme, 113 

M 
Macrobiotic diet, 33 

childhood growth, 36 
iron deficiency, 186 

Macrocytic anaemia, 184,188 
Macronutrients, 45-75 

balance, 12-13 
placental transfer, 122-123 

Macrophages, lipid uptake, 57 
Magnesium, 6 

deficiency, 132 
nutrition status monitoring, 252 

Maize, 24, 80 
protein quality, 67 

Malaria. 185. 186. 187. 188.258.270 . . . . ,  
Malondialdehyde, 253 
Maltodextrins, 46, 203 
Maltose, 46, 212 
Mammary cells, lipid metabolism, 57 
Mannitol, 30 
M a r g a ~ e ,  26,41 
Marine toxins, 30-31 
Marketing, food choice influence, 40 
Meat/meat products, 25 

Western diet, 24,27 
change over time (UK), 42 

Mechanical energy, 11-12,135 
Mediterranean diet, 147,148 
Medium chain triacylglycerols, 138 
Megaloblastic anaemia, 83,85 
Menadiol, 95 
Menadione, 95 
Menaquinones, 95 
Menarche, 120 
Messenger RNA (mRNA), 62,226 

detection/measurement methods, 228 
post-transcriptional gene expression 

regulation, 227-228 
translation, 62 

Meta-analysis, 239 
Metabolic rate 

children, 16-17 
of organs/tissues, 16-17 



units, 12 
see also Basal metabolic rate 

Metabolic syndrome, 152,162,164 
Metallothionein, 103 
Metformin, 154 
Methonine, 63,85 
Methotrexate, 83, 131 
Methylcobalamin, 85 
Methylenetetrahydrofolate reductase gene 

polymorphism, 83,230 
Methylmaionic acid, 253 
Microcytic anaemia, 184 
Micronutrients 

deficiencies, 177, 263 
worldwide distribution/extent, 258 

lactation requirements, 126 
placental transfer, 123 
public health approaches in developing 

countries, 264-265 
supplements, 262,264 

sports performance, 140 
Microsomal ethanol oxidizing system (MEOS), 

69,71 
Milk, 26 

Western diet, 23 
change over time (UK), 41 

Minerals, 77,96-106 
biochemical markers of nutrition, 252 
deficiency, 1 

developing countries, 256 
dental health effects, 204 
intake estimation, 253 
reference values, 290 

Mitochondria 
fathi acid a-oxidation, 57-58 
pyruvate metabolism, 48 

Mixed micelles, 211 
Molybdenum, 175,205 
Monosaccharides, 46 
Monounsaturated fatty acids, 54 

low-fat (weight reducing) diets, 170 
Mortality rates, 234,235 
Motor unit, 136 
Mouth cancer, 158,160 
Mouth, digestive processes, 209,210 
Muscle 

alcoholic myopathy, 72 
body composition, 5,6-7 
carbohydrate metabolism, 47,48 
contraction, 6,11,136 
fatigue, 137, 141 
function, 135-136 
glycogen, 136,137 

metabolism, 48 
pre-performance strategies increasing 

storage, 138 
restoration following exercise, 138 

insulin effects, 50, 51 
lipid metabolism, 57,58 
metabolic rate (energy expenditure), 16 
post-exercise recovery, 138, 139 

protein synthesis stimulation, 139 
structure, 135-136 
substrate utilization, 136137 
types, 6, 7 

Muscle fibres, 6,7,136 
innervation, 136 
type I, 7,136 
type 11, 7, 136 

Mutagens, 30 
Mutans streptococci, 200, 201,202 
Myocardial infarction, 144,132 

Myofibrils, 6, 136 
Ivlyoglobin, I 01 
Myosin, 6 

N 
Nasopharyngeal cancer, 159 
National dietary assessment, 243-244 

domestic food production, 243 
total food available, 243-244 

National Food Survey (NFS), 244 
Nematodes, 32 
Nerve cells, glucose requirement, 50,51 
Net protein utilization (NPU), 66 
Neural tube defects, 188 

folate deficiency association, 83 
preventive folate supplements, 120-121 

Neurotensin, 211 
New variant Creutzfeldt-Jakob disease, 32 
Niacin, 48,80-81 

absorption/transport, 81 
assessment of status, 81 
biochemical marker of nutrition, 252 
deficiency, 80 
dietary requirements, 81 
food sources, 8&81 
forms in food, 80 
high intake 

liver damage, 80 
tolerable upper limit, 81 

metabolic functions, 80 
supplements, 177 

Nickel deficiency, 217 
Nicotinamide, 8b,81 
Nicotinamide adenine dinucleotide INAD). 48 ,. , 

80,81 
Nicotinamide adenine dinucleotide phosphate 

(NADPH), 48,80,81 
Nicotine, drug-induced thermogenesis, 16 
Nicotinic acid, 80,81 
Night blindness, 90,258 
Nitrites, 159 
Nitrogen balance, 61-62 

Crohn's disease, 217 
as nitrogen intake marker, 253 
protein requirements determination, 64-65 

Nitrosamines, 159 
Non-digestible carbohydrate see Fibre, 

dietary 
Non-esterified fatty acids, 57 
Non-exercise thermogenesis, 16 
Non-shivering thermogenesis, 16 
Non-starch polysaccharide, 46 

cardioprotective effects, 147 
cereals/cereal products, 24 
cholesterol-lowering effects, 147 
c o l o ~ c  microflora fermentation, 212 
see also Fibre, dietary 

Non-haem iron, 100 
absorption, 101 
bioavailabilitv, 100-101 

~oradrenaline,'86 
Normocytic anaemia, 184 
Norms, social, dietary pattern influence, 39 
Northern blotting, 228 
Novel foods, 42 
Nucleic acid synthesis, 83 
Nutritional assessment, 110,241-254 

anthropometric, 247-250 
biochemical, 250-253 
dietary, 242-247 
methods, 242 



Nuts, 27 
cardioprotective effects, 147 

0 
Oat p-glucans, 52 
Oats, 24 
ob gene, 8 
Obesity, 2,52,162-172,193,266 

abdominal, 55,162 
alcohol consumption-related, 70 
body fat, 8 
body mass index (BMI), 250 
cancer risk, 160,163 
cardiovascular risk, 163 
children, 110, 117-118 
definition, 162 
developed countries, 236,257 

food and nutrition policies, 264 
diabetes mellitus 

benefits of weieht reduction, 153 
u 

type 1,153 
type 2,151,152,153,163-164 

dietary therapy 
ad libitum low-carbohydrate diets. 169 
ad libitum low-fat diets, 168,169 
diet composition, 169-170 
energy deficit calculation, 168 
low-energy diets, 168,169 
principles for weight loss, 167-168 
weight maintenance, 169 

drug treatment, 171 
drug-induced, 167 
elderly people, 129 
endocrine, 167 
energy metabolism, 166 
environmental factors, 165 
ethnic factors, 163 
exercise in management, 170-171 
food intake, 166 
genetic factors, 165,231 
health risks, 163-164 
infertility association, 120,125,163,165 
leptin resistance hypothesis, 20 
macronutrients balance, 166-167 
metabolic syndrome, 164 
micronutrient deficiencies, 177 
physical inactivity association, 165 
in pregnancy, 125 
prevalence/time-trends, 162-163 
psychosocial risks, 163 
public health interventions, 256-257,263 
starvation effects, 9 
surgical treatment, 171 
triggering factors, 167 

Obligatory nitrogen loss, 64 
Observational designs, epidemiological studies, 

238-239 
Odds ratio, 235-236 
Oedema, 74 

body composition changes, 10 
nutritional, 173, 174, 175 

Oesophageal cancer, 158,160 
Oestroeens. 160.167.194 u 

adipose tissue production, 8 
bone modelling/remodelling, 192 

Oils, 24, 26 
Oily fish, 25-26 
Oleic acid, 146 
Oligofructose, 203 
Oligosaccharides, 46 
Olive oil, 26 

Oncogenes, 157 
Oral tolerance, 207 
Orlistat, 171 
Oslo Trial, 148 
Osmotic diarrhoea, 213 
Osteoarthritis, 163, 165, 264 
Osteoblasts, 192, 197 
Osteocalcin, 95 
Osteoclasts, 192 
Osteomalacia, 92, 193, 194 
Osteopenia 

anorexia nervosa, 179 
definition, 193-194 

Osteoporosis, 92,98,107,119, i93-194,197 
anorexia nervosa, 179 
coeliac disease, 215 
definition, 193 
developed countries, 256 
elderly people, 128-129,132 
fracture risk, 194, 196, 197 
nutritional management, 195-196 
treatment, 194 
zinc deficiency, 197 

Ovarian cancer, 158,165 
Overweight, 162 

anthropometric measures, 247 
body mass index (BMI), 250 
children, 110 
prevalence/time-trends, 162-163 
~ u b l i c  health ~olicies/interventions. 

Ovo-vegetarianism, 33 
Oxidative phosphorylation, 48,136 
Oxygen consumption, 17 

in pregnancy, 121 
Oxygen transport, 99 

Pancreatic a cells, glucagon production, 50 
Pancreatic amvlase. 211 
Pancreatic 3 cells 

diabetes mellitus. 150.151.152 . . .  
insulin production, 50 

Pancreatic cancer, 158 
Pancreatic enzymes, 211,212 
Pancreatic Iipase, 211 
Pantothenic acid, 87 

measurement, 252 
reference values, 290 

Parasitic infections, 258 
Parathyroid hormone, 92, 93,194 

bone modelling/remodelling, 192 
calcium homeostasis, 97 

Pathogenic food pollutants, 31-32 
Peak bone mass, 28,119,192,193 
Pectin, 46,52 
Pellagra, 80 
Penicillamine, 82 
Pentose phosphate (hexose monophosphate) 

shunt, 48 
Pentoses, 47,48 
Pepsin, 211 
Pepsinogen, 209,211 
Peptidases, 212 
Peptide bonds, 60, 62 
Peptide YY, 211 
Peptides, intestinal absorption, 212 
Periodontal disease, 198,199 
Periodontal ligament, 200 
Periodontitis, 198 



Peripheral neuropathy 
vitamin B1 deficiency, 78 
vitamin B12 deficiency, 85 

Peristalsis, 211 
Permanent dentition, 198 
Pernicious anaemia, 85 
Peroxidase, 99 
Personal factors, dietary pattern variation, 39 
Personalized nutrition, 231 
Pharynx cancer, 158,160 
Phenolics, iron absorption inhibition, 101 
Phenols, 106-107 

beneficial effects, 106 
mechanism of action, 106-107 

Phenvlalanine, 63 

L 

in cell membranes, 54,55 
cell signalling, 55 

functions, 55 
transport, 56 

Phosphorus, 6,96-99 
ab;orption/transport, 98-99 
bone, 192,197 
deficiency, 98 
dental health, 205 
dental plaque, 201 
dietary requirements, 99 
excess, 98 
food sources, 98 
forms in food, 98 
functions, 96-97 
homeostasis, 97-98 
nutrition status monitoring, 252 
status assessment, 99 

Phylloquinone (vitamin KI), 95 
Physical activity see Exercise 
Physical activity level (PAL), 18 

energy deficit calculation for weight loss, 168 
Phytate, 116 

calcium absorotion inhibition. 98 

, . 
zinc absorption inhibition, 102,103 

Phytochemicals, 27,77,106-107 
Phyto-oestrogens, 106,107,161 

bone health, 197 
Phytosterols, 161 

vegetarian diet, 34 
Pica, 122 
Placenta, fetal nutrients transfer, 122-123 
Plant anti-carcinogens, 160-161 
Plant toxins, 30 
Plasma, 7 

osmolality, 73 
Platelets, 7 

aggregation, cardiovascular risk, 145,146 
Poliomyelitis, 31 
Pollutants, 31 

pathogenic agents, 31-32 
Polycystic ovarian syndrome, 125 
Polypeptides, 60 

synthesis, 62 
Polyphenols, 27, 72, 106-107, 205 

antioxidant activity, 106, 107 
beneficial effects, 106 
chemoprotective effects, 107 
mechanism of action, 106-107 

Polysaccharides, 46 
Polyunsaturated fatty acids, 26,54,56, 58 

in breast milk, 113 
cardioprotective effects, 144,145,146,148,149 
functions, 55 

low-fat (weight reducingj diets, 170 
vegetarian diet, 35 

Population at risk, definition, 234 
Post-prandial protein utilization (PPU), 67 
Post-banscriptional gene expression 

regulation, 227 
Post-translational gene expression regulation, 228 
Potassium, 6, 25 

blood pressure response, 147 
deficiency, coeliac disease, 215 
elderly people, 131 
nutrition status monitoring, 252 

intake estimation, 253 
reference values, 290 
supplements, 147 

Potatoes, 25 
protein quality, 67 

Poverty, 265 
iron deficiency anaemia, 186 
undernutrition, 177 " 

Prader-Willi syndrome, 165 
Pre-eclampsia, 125 
Pregnancy, 120,121-125 

anaemia, 185,186,188,258 
iron deficiency, 187 

bone mineral loss, 193 
calcium requirement, 193 
energy 

balance, 175 
requirements, 18, 123 

fetal undernutrition, 175 
folate intake, 83, 84 
food-borne diseases, 124 
gingivitis prevention, 198 
hypertensive disorders, 125 
iron supplements, 188 
matemal mortality, 120, 124 
matemal obesity, 125 
nitrogen balance, 61 
physical activity effects, 124 
physiological changes, 121-122 
placental function, 122-123 
protein requirements, 65 
undernutrition, 260 

direct interventions, 262 
vegetarians, 36 
weight gain, 123,167 

Pre-pregnancy, 120 
folate supplements, 120 
nutritional requirements, 120-121 

Preservation processes, 28 
Preservatives, 29 
Preterm infants 

iron status, 118 
low birtb weight, 124 
specialized infant formula, 114 

Prevalence, definition, 234,235 
Prions, 31-32 
Probiotics, 220 
Processing aids (additives), 30 
Promoters, 227 
Propionate, 51, 212 
Prostaglandins, 55,56 
Prostate cancer, 92,155, 156 
Proteases, 211 
Protein:energy (P:E) ratios, 65-66,67 
Protein, 6048  

Atwater factor, 13 
balance, 12,20, 166, 167 
biochemical markers of tissue status, 251 
in breast milk, 113 
cereals/cereal products, 24 
contribution to energy needs, 27,28 



digestibility, 64,66 
dieesiion/absor~tion, 208,209,210,211,212 
ii&, 25 
food content calculabon, 61 
heat of combustion (gross energy value), 13 
infant complementary feeding, 115 
intake, 61 

bone health, 196 
reference values, 288 
vegetarians, 34 

low-fat (weight reducing) diets, 170 
meat/meat products, 25 
oxidation, 12,13 

optimum sports performance strateges, 139 
quality 

animal proteins, 67 
biological value, 64,66 
evaluation methods, 66-67 
~ l a n t   rotei ins. 67 

requirements, 63-64 
children, 65 
daily, 63 
determination, 64-65 
dietary, 64 
elderly people, 130 
exercise, 139 
expression as protein:energy ratio, 65 
lactation, 126 
metabolic demand, 64 
physical activity influence, 65 
pregnant/lactating women, 65 
stable isotope studies, 67 

sports supplements, 139 
structure, 60 
synthesis, 62,226 

energy cost, 62 
insulin effects, 50 
post-exercise stimulation in muscle, 139 
regulation, 63 

turnover, 61-62 
tissue catabolism, 62 

Protein Digestibility Corrected Amino 
Acid Score, 66 

Protein efficiency ratio (PER), 66 
Protein energy malnutrition, 173,174 

infants fed vegetarian diet, 34 
micronutrient deficiencies, 174 
see also Undemutrition 

Protein-static satiety signals, 20 
Proteomics, 229 
Prothrombin, 95 
Prothrombin time, 95 
Psychological factors 

dietary pattern variation, 39 
failure to thrive, 117 
weight gain, 167 

Psychological thermogenesis, 15 
Psychotropic drugs, 167 
Pubertal growth spurt, 110,111 
Puberty, 109,110 

physical maturation, 110-111 
Public health, 255-267 

direct interventions, 262-263 
emerging issues, 266 
food and nutrition policies 

developed countries, 263-264 
developing countries, 264 

food safety, 265 
food security, 265 
food-care-health approach to nutrition, 265 
indirect interventions, 262-263 

Pulp, dental, 200 

Purine s-ynthesis, 83 
Pyridoxal, 81, 82 
Pyridoxamine, 81,82 
Pyridoxine, 81,82 
Pyrimidine synthesis, 83 
Pyruvic acid (pyruvate), 47,48, 49 

Q 
Quercetin, 106,160 

Randomized controlled trials, 239 
Red blood cells, 7 

glucose requirement, 50,51 
Reference values, 287-290 
Refurees, undernutrition, 176-177 - 
Rehydration, following exercise, 140 
Relative risk, 235,236 
Religious food rules, 38 
Renal function 

development, 112 
imoairment-associated oedema. 10.74 
pregnancy-related changes, 121 

Renin. 74 
~esistance training, 139 
Resistant oligosaccharides, 46 
Resistant starch, 46,47,212 
Retailers, food supply chain, 41 
Retinaldehyde, 89 
Retinoic acid, 89 

gene expression regulation, 89,227 
vitamin D receptor interactions, 89 

Retinoic acid receptors (RAR), 89,227 
Retinoic acid response element (RARE), 227 
Retinoic X receptors (RXR), 89,227 
Retinoids, teratogenicity, 90 
Retinol, 89,227 

absorption, 91 
toxicity, 90 
see also Vitamin A 

Retinol binding protein, 91,217 
Retinyl esters, 91 
Reverse transcription polymerase chain reaction, 

228-229 
Rheumatoid arthritis, 214 
Rhodopsin, 89 
hboflavin see Vitamin B, 
hbonuclease protection assay, 228 
Ribosomal RNA (rRNA), 62 
Ribosomes. 62.226 . . 
Rice, 24 
Rickets, 92,93, 119,124,193, 194-195 

neonatal, 194 
Risk perception, dietary pattern influence, 39 
RiiA, 62,226 
RNA interference, 229 
RNA polymerases, 102 
Roots/tubers, 25 

Western diet, 23 
Rye, 24 

Saccharin, 30 
Salicvlate intolerance, 222 
~uimbneiia, 31 
Sarcopenia, 177 
Satiety, 19,211 



brain control centres, 19 
d e h t i o n ,  19 
intestinal signalling, 213 
older adults, 128 
peripheral signals, 19-20 
signalling through stomach stretching, 213 
water intake regulation, 73 

Saturated fatty acids, 26,54 
coronary heart disease risk, 145 

Schistosomiasis, 158, 187 
Scurvy, 86,196-197 
Seasonal variation 

food availability, 40,41 
vitamin D levels, 93 

Second law of thermodynamics, 12 
Secretin, 211 
Selection bias, 236 
Selective oestrogen receptors modulators, 194 
Selenium, 105,174,204 

deficiency, 72,105,129 
dietary requirements, 105 
nutrition status monitoring, 252 
placental transfer, 123 

Serum, 7 
Seven Countries Study, 144 
Sex steroids, 55 

bone modelling/remodelling, 192 
SGLTl (sodium-linked glucose transporter), 212 
Shellfish toxins, 30-31 

colonic fermentation products, 51,212 
milk. 26 

Sibutramine, 171 
Single nucleotide polymorplusms (SNPs), 230 
Skeletal muscle, 6, 7, 136137 
Skin 

body composition, 5 
nitrogen losses, 61 

Skin prick tests, 221 
Skinfold calipers, 248 
Sklnfolds measurement, 162,173,247-248 

equipment, 248 
method, 249 

Sleep apnoea, 163,165 
Sleeping metabolic rate, 15 
Small intestine 

absorution. 61.210.211 . . 
digeshon, 210,211 

Smokine. 156.158.194.216 , , 
cardi&asc&ar risk, 144,148 
cessation, 16,167 

Smooth muscle, 6,7 
Social uses of food, 38 
Socioeconomic factors 

countries in transition, 256 
dental caries, 199 
food intake in elderly people, 129 
growth retardation (stunting), 110 

Sodium, 6 
blood pressure response, 147 
cardiovascular risk, 147 
coeliac disease, 215 
dietary management of diabetes, 154 
elderly people, 131 
intake 

estimation, 253 
recommendations in developed countries, 264 
reference values, 290 

loss with water losses, 74 
nutrition status monitoring, 252,253 
rehydration drinks, 140 
urinary calcium excretion promotion, 197 

Sodium bicarbonate, as ergogenic aid, 141 
Soft tissue mass, proxy anthropometric 

measurements, 247 
Solanine, 30 
Soluble fibre, 51,52 
Sorbitoi, 30,213 

intolerance, 222 
Splungolipids, 55 
Spinal cord degeneration, 85 
Sport 

ergogenic aids, 140-141 
nutritional strategies for optimum 

performance, 137-138 
carbohydrate, 138 
fats, 138-139 
fluid and electrolytes, 139-140 
micronutrients, 140 
protein, 139 
see also Exercise 

Sports drinks, 138 
Sports supplements, 140-141 
Stable isotope studies, 67 
Stachyose, 213 
Stadiometer, 248 
Staphylococcus, 31 
Starch, 46,47 

dental caries, 203 
digestion/absorption, 208,209,211 

Starvation, 168,176 
basal metabolic rate, 15 
fat metabolism, 8 
weight loss, 9 

Stephan curve, 201-202 
Steroid hormones, pyridoxal phosphate in 

regulation, 81 
Stomach cancer, 155 
Streptococcus mutans, 200,201 
Strrptococus thermophilus, 26 
Stress, weight gain, 167 
Stroke, 2, 144 

alcohol consumption association, 72 
diabetes type 2 association, 152 
elderly people, 131 
nutritional status of patients, 133 
obesity association, 164 

Strontium, 205 
Stunting (growth retardation), 110,257 

childhood undernutrition, 172-173,175 
cognitive development effects, 175 
developing countries, 257 
public health interventions. 263 
ieversibility, 177 

Sub-Saharan Africa. 258,259,266,268,269, . . . . . .  
Sucralose, 30 
Sucrase deficiency, congenital, 51 
Sucrose, 46,47 

cariogenic potential, 203 
dental plaque effects, 201 
malabsorption, 51 

Suet, 26 
Sugar-free chewing gum, 205 
Sugars 

dental caries promotion, 202-203 
dental plaque effects, 201 

Stephan curve, 201-202 
digestion/absorption, 208,209 
intake recommendations in developed 

countries, 264 
Sugary drinks, weight gain, 166,170 
Sulphasalazine, 217 
Sulphonylureas, 154 
Sunflower oil, 26 
Superoxide dismutase, 102 



Sweat 
endurance exercise, 139 
nitrogen losses, 61 
water losses, 74 

Sweeteners, 30 
Systematic reviews, 263 

epidemiological studies, 239 

Tamoxifen, 167 
Tannins, 106 
Tape measures, 248 
Tartrazine. 30 
Taste 

appetite/h~mger regulation, 213 
dietary pattern mfluence, 40 
qualities, 40 

Taurine, 34 
Teas, 27 
Teeth, 198-206 

deciduous, 198 
permanent, 198 
pre-eruptive effects of diet, 202 
structure, 200 

Testosterone, bone modelling/remodelling, 192 
Tetracycline, 87 
Texture of food, dietary pattern influence, 40 
Theophylline, 131 
Thermodynamics, 11-12 
Thermogenesis 

adaptive, 21 
elderly people, 130 
energy expenditure, 14,15-16 

Thiamin see Vitamin B, 
'Ihoredoxin reductase. 105 
Thirst, 73 
Thoracic duct. 56 
Threonine, 63 
Thromboxanes, 56 
Thrombus, 144 
Thyroid disease, 214 
Thyroid hormones, 92,103 

bone modelling, 192 
Thyroid stimulating hormone, 104 
Thyroxine, 103,104 
Tissue protein catabolism, 62 
Tocopherols, 93,94 
Tocotrienols, 93, 94 
Toxins, 30-31 
Toxoplasma gondii, 124 
Trace elements, 77,96-106 

dental caries prevention, 205 
Trans fatty acids, 54, 146 
Transamination, 63,81 
Transcription, 62, 89, 94, 102, 103,226 

gene expression regulation, 227 
Transcription factors, 227 
Transfer RNA (tRNA), 62 
Transferrin, 86,101,102 
Transferrin receptors, 102,228 
Transgenics, 229 
Translation, 62,226 

regulation, 228 
Transthyretin, 91 
Triacylglycerol, 53,54 

diabetic patients, 153 
energy storage, 55,57 
enterocyte synthesis, 212 
fatty liver, 71 
from fructose metabolism, 51 
gastric hydrolysis, 211 
intestinal hydrolysis, 212 

synthesis from carbohydrates, 47 
transport, 56, 57 
utilization, 57 

during exercise, 137 
Tricarboxylic acid cycle, 48, 99 
Tri-iodothyronine, 103 
Trypsin, 211 
Tryptophan, 63,67 

niacin formation, 80, 81 
Tumour suppressor genes, 157 

Ulcerative colitis, 215,2l7-218 
clinical features, 218 
treatment, 218 

Undernutrition, 172-178 
alcoholics, 177 
anthropometric measures, 173,174, 247 
causes, 175,260 

political/economic, 260-261 
children, 110,172-173,174,176,257,260 

stunting see Stunting 
worldwide extent, 257 

definition, 172, 173 
dental caries risk, 202 
developing countries, 256,257 
effects on health, 175 
elderly people, 127,128,129,132 

in care settings, 133 
in community, 132-133 

famines, 176 
high risk groups in affluent countries, 177 
hospital patients, 177 
household food insecurity, 260 
infant feeding, 260 
lactating women, 126-127,260 
pathogenesis, 174-175 
wremant women. 260.262 
L - . . 
prevention, 175-176 
public health poiicies/interventions, 256-257, 

266 
reference standards, 173 
refugees, 176-177 
role of infections, 260 
WHO classification, 173 

Underweight, 162,257 
Unsaturated fatty acids 

cardiovascular protective activity, 145 
oils, 26 

Urbanization, 266, 270 
Urea, 61,62, 63 
Urine 

calcium losses 
Crohn's disease, 217 
protein intake-related, 196 

food energy losses, 13 
~ t r o g e n  losses, 61 
osmolality, 74 
water losses, 74 

Validity, epidemiological studies, 236 
Vahe ,  63 
Vegan diet, 33,34,38 

calcium intake, 35-36 
childhood growth, 36 
Vlfant feeding, 114,116 
nutrient deficiency risk in children, 33,34, 36 
nutrient intake, 35 
vitamin B,, intake, 35 

Vegan infant formula, 114 



Vegetable oils, 41 
Vegetables, 25 

antioxidant activity, 27 
Western diet, 23, 27 

change over time (UK), 42 
intake recommendations, 264 
variations within UK, 33 

Vegetarian diet, 33-34,38 
carbohydrate intake, 34 
childhood, 33,34,36 

growth, 36 
definition, 33 
energy intake, 34 
fats intake, 34 
fibre intake, 34 
iron deficiency, 186 
pregnancy/birthweight, 36 
protein intake, 34 
vitamin BIZ intake, 35 

Very iow-density lipoproteins (VLDL), 56,57 
a-tocopherol transport, 94 
metabolic syndrome, 164 

Very-low-energy diets, obesity treatment, 168 
Villous atrophy, 214,215 
Vipeholm Study, 203 
Viral infections, 31 
Visual function, vitamin A deficiency, 89,90,258 
Vitamin A, 89-91,174 

absorption/transport, 91 
biochemical marker of nutrition, 251 
bone health, 196 
breast milk, 112 
deficiency, 72, 89, 90,129, 177 

children/adolescents, 118 
worldwide extent, 258 

dietary requirements, 91 
food sources, 90 
influence on growth, 175 
liver storage, 91 
metabolic functions, 89 
placental transfer, 123 
status assessment, 91 
supplements, 90,177 

breast-fed infants, 114 
toxicity, 90 

Vitamin B1 (thiamin), 48, 78-79 
absorption, 78 
biochemical marker of nutrition, 252 
deficiency, 78 

alcohol consumption-related, 71,72,177 
anaemia, 184 

dietary requirements, 78-79 
diphosphate (pyrophosphate), 78 
food sources, 78 
metabolic functions, 78 
status assessment, 78 
supplements, 177 
transport, 78 

Vitamin B2 (riboflavin), 26,48,79-80 
absorption, 79 
biochemical marker of nutrition, 252 
cardioprotective effects, 146,147 
deficiency, 2,79 

anaemia, 188,189 
bone health, 196 
children/adolescents, 118 
elderly people, 131 

dietary requirements, 79-80 
dietary sources, 79 
forms in food, 79 
metabolic functions, 79 
placental transfer, 123 
status assessment, 79-80 
transport, 79 

Vitamin B6, 81-82 
absorption/transport, 82 
biochemicai marker of nutrition, 252 
cardioprotective effects, 146,147 
deficiency 81-82,129,177 

bone health, 196 
drug-related, 82 
elderly people, 131 

dietary requirements, 82 
food sources, 82 
forms in food, 82 
high dose supplements, 82 
metabolic functions, 81 
status assessment, 82 

Vitamin BIZ, 85-86 
absorption/transport, 85 
biochemical marker of nutrition, 252 
cardioprotective effects, 146,147 
deficiency, 2, 84, 85 

anaemia, 184,188,189 
children/adolescents, 34, 118 
coeliac disease, 215 
elderly people, 131 
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dietary requirements, 86 
food sources, 85 
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metabolic functions, 85 
status assessment, 85-86 
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absorption/transport, 87 
antioxidant activity, 86,146,174 
biochemical marker of nutrition, 252 
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children/adolescents, 118 
elderly people, 131 
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food sources, 86 
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metabolic functions, 86 
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vitamin E interatctions, 86, 93 

Vitamin D, 26,91-93 
absorption/transport, 93 
biochemical marker of nutrition, 252 
bone health, 192,194,195-196 
deficiency, 92, 193, 194, 195 
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electrolyte balance effects, 74 
fluoridation, 204205 
intake, 73 
loss, 74 
requirements, 75 

Water-soluble vitamins, 78-88 
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children/adolescents, 117,118 
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ulcerative colitis, 218 
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protein quality, 67 

~ h i ? e  blood cells, 7 
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postmenopausal, 9,193 
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World Trade Organization, 270-271 
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absorption, 103 
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