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Preface

When we were approached to write this handbook the original idea was
to write a book for general practice. However, we all remember being
student dietitians and all created our own handbook of useful information
that we carried around with us and were totally lost without. On reflection
of what text books are now available in nutrition or dietetics, it became
clear that although there are now concise pocket books written for
dietitians working predominantly in a clinical setting, there was a need for
a user friendly handbook of nutrition and dietetics for a wider audience
that included doctors, nurses, nutritionists and other health care profes-
sionals. The available textbooks are, by necessity, large tomes or series
that are unlikely to adorn the shelves of many doctors or nurses whether
in primary or secondary care.

As a result, we have tried to present nutritional science, therapeutics and
community public health nutrition in a concise and integrated manner.
While writing the text we have tried to identify what information would
be useful to different professionals in a variety of settings. For example a
doctor or nurse may want information on obesity and will find a ready
reckoner for the calculation of BMI, information on associated problems
and treatment options. Dietitians working in the community or public
health will have this information but will find the sections on the meas-
urements of obesity or nutrition interventions more informative. How
well we have achieved this is for the reader to decide.

Nutrition is fascinating for many reasons, one of which is the fact that it is
a very dynamic discipline. We have tried very hard to be contemporary
but there will inevitably be changes in basic science, practice and policy as
the discipline continues to evolve. Major developments and changes will
be posted on the relevant page of the OUP web site. For us it has been a
very enjoyable, if at times rather demanding, process and we hope that
this book is useful to all health care professionals.

WG,
AMM.
MH.
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Oxford University Press makes no representation, express or implied,
that the drug dosages in this book are correct. Readers must therefore
always check the product information and clinical procedures with the
most up-to-date published product information and data sheets provided
by the manufacturers and the most recent codes of conduct and safety
regulations. The authors and the publishers do not accept responsibility
or legal liability for any errors in the text or for the misuse or misapplica-
tion of material in this work.
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Foreword

Both health professionals and the general public now realize that good
nutrition is essential for good health. Indeed, nutrition is the health topic
on which the lay public receives the most advice from popular books and
magazines, but often this advice is unsound. It is therefore essential that
health-carers have readily available reliable information about all aspects
of nutrition. This includes nutritional science, public health nutrition, and
therapeutic nutrition.

This handbook provides, in concise format, the information about
nutrition needed by those training to be dietitians (RD), nutritionists
(RNutr), public health nutritionists (RPHNutr), or doctors or nurses
either in hospital or primary care. It will continue to be a valuable
resource after graduation, since the scope of modern nutrition is so large
that a specialist in one field (say, public health nutrition) cannot hope to
have instantly accessible all the necessary information about therapeutic
diets, or nutritional sciences, and vice versa.

The three authors of this Handbook are all registered dietitians, each
of whom has a solid research record as well as extensive experience of
the nutritional problems that dietitians, hospital doctors, general practi-
tioners, and specialist nurses will encounter. | am confident that readers
will be thankful to have this book in their pocket to guide them to the
correct immediate response to a nutritional problem, even if later they
have to consult a senior dietitian or textbook for more detailed advice.

John Garrow MD PhD FRCP
Emeritus Professor of Human Nutrition
University of London.
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but may be referred to in the literature.

#
#NOF
Mg
pumol
A&W
A2RB
AA (aa)
ABV
AC
ACBS
ACE
ACNFP
ACTH
ADA
ADH
ADI
ADL
AF
AHP
AIDS
Al
ALDH
AMA
AN
ANF
APIT
ARF
ASCVD
ATN
ATP

fracture

fractured neck of femur

micrograms

micromoles

alive and well

angiotensin Il receptor blocker

amino acid

percentage alcohol by volume

before meals

Advisory Committee on Borderline Substances
angiotensin-converting enzyme

Advisory Committee on Novel Foods and Processes
adrenocorticotrophic hormone

American Dietetic Association

antidiuretic hormone/alcohol dehydrogenase
acceptable daily intake

activities of daily living

atrial fibrillation

allied health professional

acquired immune defeciency syndrome
aluminium

aldehyde dehydrogenase

American Medical Association

anorexia nervosa

anti-nuclear factor

activate partial thromboplastin time

acute renal failure

arteriosclerotic heart disease

acute tubular neurosis

adenosine triphosphate



AV
AXR
AZT
BaE
BAPEN
BBSRC
BCAA
bd
BDA
BHA
BHF
BHT
BIA
BIBRA
BM
BMA
BMI
BM)
BMR
BMT
BNF
BNO
BOR
BP units
BP

BS

Bx

Ca

CA
CaP
Cap
CAPD
CAT/CT
CBC
CBT
CcC
CCF
CCPD

ABBREVIATIONS AND MEDICAL SHORTHANDS

arteriovenous

abdominal X-ray

azidothymidine

barium enema

British Association of Parenteral and Enteral Nutrition
Biotechnology and Biological Sciences Research Council
branched chain amino acids

twice a day

British Dietetic Association

butylated hydroxyanisole

better hospital food

butylated hydroxytoluene

bioelectrical analysis

British Industrial Biological Research Association
bowel movement

British Medical Association

body mass index (weight (kg)/height (m)z)
British Medical Journal

basal metabolic rate

bone marrow transplant

British Nutrition Foundation/ British National Formulary
bowels not open

bowels open regularly

British Pharmacopoeia units

blood pressure/ British Pharmacopoeia

blood sugar/bowel sounds

biopsy

calcium

carcinoma

calcium: phosphorus ratio

Capsule

continuous ambulatory peritoneal dialysis
computer assisted tomography

complete blood count

cognitive behavioural therapy

critical care

chronic cardiac failure

continuous cyclic peritoneal dialysis
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CD Crohn’s disease

CD4 cluster of differentiation 4

CDC Center for Disease Control (USA)
CF cystic fibrosis

CHD coronary heart disease

CHO carbohydrate

Cl confidence interval

C|D Creutzfeldt—Jakob disease

Cl chlorine/chloride

cm centimetres

CNG Community Nutrition Group
CNS central nervous system

Co cobalt

CoE Council of Europe

COMA Committee on Medical Aspects of Food Policy
COPD chronic obstructive pulmonary disease
CPAG Child Poverty Action Group

CPN community psychiatric nurse

CPR cardiopulmonary resuscitation

Cr chromium

CRF chronic renal failure

CRP C-reactive protein

CRRT continuous renal replacement therapy
CSF cerebrospinal fluid

CT computer-assisted tomography

Cu copper

[ coefficient of variance

CVA cerebrovascular accident

CvD cardiovascular disease

CvP central venous pressure

CVS cardiovascular system

CXR chest X-ray

CyA cyclosporin A

D diagnosis

D&V diarrhoea and vomiting

D, ergocalciferol

D; cholecalciferol

DAT di-dehydro-deoxythymidine

DA dietetic assistant



DAFNE
DBP

DD

DEFRA
DES
DESMOND

DEXA
DFES
DHA
DIT

dl

DM
DNA
DoH/DH
DRV
DSM
dsp
DTs
DU
EAA
EAR
EC
ECF
ECG
ECT
EDTA
EE
EEG
EFA
EFAD
EGR
EGRA
EPA
ER
ERCP
ESPEN
ESRC
ESRF
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Dose Adjustment For Normal Eating (programme)
diastolic blood pressure

differential diagnosis

Department for Environment, Food, and Rural Affairs
dietary energy supply

Diabetes Education Self-Managed Ongoing and Newly
Diagnosed (programme)

dual energy X-ray absorptiometry

Department for Education and Skills
docosahexaenoic acid

dietary induced thermogenesis

decilitre (100 ml)

diabetes mellitus

deoxyribonucleic acid/ did not attend

Department of Health

dietary reference value

Diagnostic and Statistical Manual of Mental Disorders
level dessertspoonful

delirium tremors

duodenal ulcer

essential amino acids

estimated average requirement

European Community

extracellular fluid

electrocardiogram

electroconvulsive therapy

European Dialysis and Transplant Association

energy expenditure

electroencephalogram

essential fatty acids

European Federation of the Associations of Dietitians
erythrocyte glutathione reductase

erythrocyte glutathione reductase activity coefficient
eicosapentaenoic acid

emergency regimen

endoscopic retrograde cholangiopancreatography
European Society of Parenteral and Enteral Nutrition
Economic and Social Research Council

end-stage renal failure
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EU

FAD
FAO
FBC
FBDG
FBS
FDA
Fe

FFM
FFQ/FAQ
FH
floz
FM
FMN
FOS
FP 10
FSA
FSGS
FSH

Fx

G
GBM
GDA
GDM
GF
GFR
Gl

GL

gln
GMO
GN
GORD
GP
GTN
GTT
GU
GVHD
HAART

European Union

fluorine

Flavin adenine dinucleotide

Food & Agriculture Organisation (UN)
full blood count

food-based dietary guidelines
fasting blood sugar

Food & Drug Administration (USA)
iron

fat-free mass

food frequency/amount questionnaire
family history

fluid ounce

fat mass

flavin mononucleotide
fructo-oligosaccharides

form used for the prescription of medicines in the UK
Food Standards Agency

focal segmental glomerulosclerosis
follicle stimulating hormone
fracture

grams

glomerular basement membrane
guideline daily amount

gestational diabetes

gluten-free

glomerular filtration rate

glycaemic index/ gastrointestinal
glycaemic load

glutamine

genetically modified organism
glomerulonephritis
gastro-oesophageal reflux disease
general practitioner

glyceryl trinitrate

glucose tolerance test
genitourinary

graft versus host disease

highly active antiretroviral therapy



Hb
HbA1,
HBV
Hct
HD
HDA
HDL
HF
hGH
HIV
HLA
HMG-CoA
HO
HPC
HT

|

IBD
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haemoglobin

glycosylated haemoglobin

high biological value

haematocrit

haemodialysis

Health Development Agency
high density lipoprotein
haemofiltration

human growth hormone

human immunodeficiency virus
human lymphocyte antigen
3-hydroxy-3-methyl-glutaryl coenzyme A
house officer

Health Professions Council
hypertension

iodine

inflammatory bowel disease
irritable bowel syndrome

ideal body weight

International Classification of Diseases
intracellular Fluid

intradermal

iron deficiency anaemia

iodine deficiency disorder
intermediate density lipoproteins
intradialytic parenteral nutrition
intestinal failure

immunoglobulin A
immunoglobulin E
immunoglobulin G
immunoglobulin M

impaired glucose tolerance test
intramuscular

inherited metabolic diseases
International Numbering System (for Food additives)
intermittent peritoneal dialysis
intensive therapy unit
international units

intravenous
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IVHP intravenous high potency

IVNAA in-vivo neutron activation analysis

JHCI Joint Health Claims Initiative

JVP jugular venous pressure

K potassium

KDOQI Kidney Disease Outcomes Quality Initiative

kcal kilocalories

KD ketogenic diet

kg kilograms

kJ kilojoules

[ litre

b pound

LBM lean body mass

LBV low biological value

LBW low birth weight

L-CAT lecithin-cholesterol acyl transferase

LCFA long chain fatty acids

LCMG long chain monoglycerides

LCP long chain polyunsaturated fatty acid

LCT long chain triglycerides

LDL low density lipoprotein

LFT liver function tests

LRNI lower reference nutrient intake

LVF left ventricular failure

m metres

MAC midarm circumference

MAFF Ministry of Agriculture, Fisheries, and Food (superseded by
DEFRA)

MAMC mid arm muscle circumference

MAOI monoamine oxidase inhibitors

MAS milk alkali syndrome

MCH mean cell haemoglobin

MCHC mean cell haemoglobin concentration

MCN minimal change nephropathy

MCT medium chain triglycerides

MCV mean cell volume

MEOS microsomal ethanol-oxidizing system

mEq milliequivalents

Mg magnesium



mg
MI
MIMS
M

mm
mmol
MN
Mn
MND

mosmol
MRC
MRI
MS
MSG
MSU
MSUD
MUAC
MUFA
MUST
N
N&V
Na
NAD

NADP
NAMCW
NAS
NASH
NCD
NCHS
NCT
NDNS
NMC
NFS

NG
NGO
NHANES
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milligrams

myocardial infarction
Monthly Index of Medical Specialities
megajoules

millilitres

millimetres

millimoles

membranous nephropathy
manganese

motor neurone disease
molybdenum

milliosmoles

Medical Research Council
magnetic resonance imaging
multiple sclerosis
monosodium glutamate

mid stream urine

maple syrup urine disease
mid upper arm circumference
mono unsaturated fatty acid
Malnutrition Universal Screening Tool
nitrogen

nausea and vomiting

sodium

nothing abnormal detected/ no apparent disease/
nicotinamide adenine dinucleotide

nicotinamide adenine dinucleotide phosphate
National Association for Maternal and Child Welfare
no added salt

nonalcoholic steatohepatitis

nutrition-related chronic disease

National Centre for Health Statistics (see CDC)
National Childbirth Trust

National Diet & Nutrition Survey

Nursing and Midwifery Council

National Food Survey

nasogastric

non-governmental agency

National Health and Nutrition Examination Survey

XXXV



xxxvi ABBREVIATIONS AND MEDICAL SHORTHANDS

NHS
Ni
NICE
NJ
NKF
NMN
nPCR
NPE:N
NS
NSAID
NSF
NSP
NTD
OA
OAS
od
Osmol
OoTC
oz

P

P/S ratio
PA
PABA
PAL
PAR
Pb

PC
PCHR
PCK
PCOS
PCR
PCT
PD
PDis
PDUO
PEG
PE|
PEM
PERT

National Health Service

nickel

National Institute for Health and Clinical Evidence
nasojejunal

National Kidney Foundation
N1—methylnicotinamide

normalized protein catabolic rate
non-protein energy: nitrogen ratio
nephrotic syndrome

nonsteroidal anti-inflammatory drug
National Service Framework
non-starch polysaccharides

neural tube defect

osteoarthritis

oral allergy syndrome

everyday/ once daily

osmoles

over-the-counter

ounce

phosphorus

polyunsaturated fatty acids: saturated fatty ratio
physical activity

para-amino benzoic acid

physical activity level

physical activity ratio

lead

after meals

personal child health record
polycystic disease of the kidney
polycystic ovary syndrome

protein catabolic rate

primary case trust

peritoneal dialysis

Parkinson’s disease

previous day’s urine output
percutaneous endoscopic gastrostomy
percutaneous endoscopic jejunostomy
protein energy malnutrition

pancreatic enzyme replacement therapy



PF

PG
PGV
PHCT
phe
PICC
PKU
PMH
PN
PO,
Post op
PPF
ppm
PR
PRG
PSE
PT
pt(s)
PTA
PTH
PUFA
PWS
Qd
Qh
Qid or Qds
Qod
QUID
RA
RAST
RBC
RCGP
RCN
RCP
RCPCH
RCS
RCT
RD
RDA
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peak flow

prostaglandin

proximal gastric vagotomy

primary health care trust
phenylalanine

peripherally inserted central catheter
phenylketonuria

past medical history

parenteral nutrition

phosphate

post-operative

plasma protein fraction

parts per million

per rectum

percutaneous radiological gastrostomy
portal systemic encephalopathy
prothrombin time

pint(s)

prior to admission

parathyroid hormone
polyunsaturated fatty acids
Prader-Willi syndrome

every day

every hour

4 times daily

every other day

Quantitative Ingredient Declaration
rheumatoid arthritis
radioallergosorbent test

red blood count/cell

Royal College of General Practitioners
Royal College of Nursing

Royal College of Physicians

Royal College of Paediatrics and Child Health
Royal College of Surgeons
randomized controlled trial
registered dietitian

recommended dietary allowance/recommended daily
amount
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RDI recommended daily intake

RDis Refsum’s disease

RDS rapidly digestible starch

REE resting energy expenditure

RGN registered general nurse

RIG radiologically inserted gastrostomy

RMR resting metabolic rate

RNA ribonucleic acid

RNI reference nutrient intake

RQ respiratory quotient

RR relative risk

RS re-feeding syndrome/resistant starch

RTA renal tubular acidosis

SACN Scientific Advisory Committee on Nutrition
SBP systolic blood pressure

SBS short bowel syndrome

SCF Scientific Committee for Food (European)
SCI spinal cord injury

sd standard deviation

SDS slowly digestible starch

Se selenium

se standard error

SFA saturated fatty acid

SFGA small-for-gestational age

SGOT serum glutamic-oxaloacetic transaminase activity
SGPT serum glutamic-pyruvic transaminase activity
SH social history

SHA Strategic Health Authority

SHO senior house officer

SHS Scientific Hospital Supplies

S| statutory instrument/Systéme internationale
SLE systemic lupus erythematosus

SOB shortness of breath

SPT skin prick test

SRD state registered dietitian (this has been superseded by RD)
STP standard temperature and pressure

T12 12th thoracic vertebra

T3 triiodothyronine

T4 thyroxine



Tab
B
TBK
tbs
TBW
TCl
tds
TEE
TF
TIBC
Tid or tds
TLC
TOBEC
TPN
TPP
TSF
TSH
tsp
TST
TT
U&E
ucC
UHT
uTl
VLCD
VLDL
VMA
W
WBC
WCC
WHO
WRVS
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tablet

tuberculosis

total body potassium

level tablespoonful

total body water

to come in

three times daily

total energy expenditure
transferrin

total iron binding capacity

3 times a day

total lymphocyte count/ tender loving care
total body electrical conductivity
total parenteral nutrition
thiamine pyrophosphate
triceps skin fold thickness
thyroid stimulating hormone
level teaspoonful

triceps skinfold thickness
thrombin time

urea and electrolytes
ulcerative colitis

ultra-heat treatment

urinary tract infections

very low calorie diet

very low density lipoproteins
vanillylmandelic acid

watt

white blood cells

white call count

World Health Organisation
Women'’s Royal Voluntary Service
weight

diagnosis

zinc

diagnosis

Fracture
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DEFINITIONS AND TITLES

Definitions and titles

Nutrition

‘Nutrition is the branch of science that studies the process by which
living organisms take in and use food for the maintenance of life, growth,
reproduction, the functioning of organs and tissues, and the production
of energy.’

Dietitian (dietician)

The titles dietitian (UK) and dietician (US) are protected by law in the

UK; anyone using these titles must be registered with the Health Profes-

sions Council (HPC). Anyone using these titles without registration is

liable to prosecution and may be fined. Registered dietitians are also able

to use the post-nominal letters SRD and RD (UK) or RD (US). The

European Federation of the Associations of Dietitians (EFAD) has defined

the role of the dietitian as follows.

o A dietitian is a person with a qualification in nutrition and dietetics
recognized by national authority(s). The dietitian applies the science

of nutrition to the feeding and education of groups of people and

individuals in health and disease.

e The scope of dietetic practice is such that dietitians may work in a
variety of settings and have a variety of work functions.

European academic and practitioner standards for dietetics can be found

on the EFAD web site (www.efad.org).

Many dietitians work in the NHS and may specialize, e.g. oncology,
renal disease. They are employed in primary and secondary care and are
a key part of the health-care team. Dietitians also work outside the NHS
in areas such as industry, sport, education, journalism, and research.

Health Professions Council (HPC) More information about HPC
is available at www.hpc-uk.org.

British Dietetic Association (BDA)

The BDA is the professional body representing dietitians and was estab-

lished in 1936 in order to:

e advance the science and practice of dietetics and associated subjects;

e promote training and education in the science and practice of dietetics
and associated subjects;

o regulate the relations between dietitians and their employer through
the BDA trade union.

Specialist groups within the BDA cover areas of specialist interest, e.g.

Paediatrics Group, Community Nutrition Group (CNG). Full member-

ship is available to RDs; other membership categories are available for

dietetic assistants, students, and affiliates. More information about the

BDA is available at www.bda.uk.org.

" Bender, AE. and Bender, D.A. (1995). Oxford dictionary of food and nutrition. Oxford University
press, Oxford.
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Nutritionist

The title ‘nutritionist’ has no legal standing and no educational require-
ments are necessary for a person to be called ‘nutritionist’. The Nutrition
Society is endeavouring to regulate the field of nutrition and protection
of the title ‘nutritionist’, possibly in collaboration with the Health Profes-
sions Council.

The Nutrition Society

The Nutrition Society was established in 1941 ‘to advance the scientific
study of nutrition and its application to the maintenance of human and
animal health’. The society covers 4 key areas:

e promotion of professional study;

e promotion of high standards in professional practice;

e promotion of professional careers;

e public protection through professional registration.

The Nutrition Society holds registers of nutritionists and registrants are
bound by the Society’s code of ethics and its statement of professional
conduct. To register with the Nutrition Society it is necessary to demon-
strate preset qualifications and experience in nutrition; the society
awards the titles associate nutritionist (Assoc Nutr.), registered nutrition-
ist (R Nutr.) and registered public health nutritionist (R PHNutr.). Fur-
ther details can be obtained at www.nutritionsociety.org.uk.

Dietetic assistants (DA)

DAs work under the direct supervision of a RD who has a minimum of
12 months’ experience. Their roles include administration and tasks as
delegated by the RD. Within a hospital setting these may include assisting
patients requiring special diets to choose from the hospital menu and
collecting and recording information regarding the patient’s consumption
and weight. In primary care they may include providing dietary consulta-
tion, under the direction of the dietitian and liaising with the RD regard-
ing the patient’s progress. Within a community setting they may include
assisting the dietitian to assess the food and health needs of local resi-
dents and enabling people to eat a healthier diet to prevent disease,
offering guidance in relation to food selection and preparation, planning
menus, standardizing recipes, and testing new products.

5
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COMPONENTS OF THE DIET

Components of the diet

Diet

Diet is what a person habitually eats and drinks, so everyone is always on
a diet. When we speak of ‘going on a diet’ it usually means trying to
follow a prescribed diet in order to lose weight. One of the most impor-
tant, and difficult, tasks in nutritional medicine is to estimate accurately
the habitual nutritional intake and diet of the patient. These difficulties
arise because a person’s diet may vary widely from day to day, food
processing may greatly affect the nutrient content of foods s/he eats, and
hardly anyone with a nutritional problem can accurately recall what s/he
has eaten.

Dietary value
Dietary value is assessed by the measured energy and nutrient content of
a particular diet and often in reference to dietary reference values (see
Chapter 2, ‘Dietary reference values’) or recommendations. Foods and
diets also have many other kinds of value including political, economic,
social, and cultural values (see ‘Influences on food choice’, Chapter 14).
In most societies where people live above starvation level effort is put
into diversifying meals and the overall diet, e.g.
e use of food in rituals, e.g. the last supper, birthday and wedding

cakes, also fasting (Ramadan and Lent);
o use of food to express values and social relationships, e.g. sharing

food, preparing special foods as expression of love, etc;
e prestige foods, e.g. champagne and caviar as symbols of wealth

and privilege.

Components of the diet

Diets are composed of nutrients: macronutrients (protein, fats, carbohy-
drates, and alcohol) and the micronutrients (vitamins, minerals, and trace
elements). Food also contains many non-nutritional, but biologically
active substances. These include toxins and contaminants, such as alka-
loids and aflatoxins, that are detrimental to health as well as constituents,
such as phytochemicals, that may be health-promoting. As consumers we
do not eat nutrients, but meals and foods. These are the components of
diet most meaningful to the public and usually the basis of food choice.

Food groups

Foods vary in their energy and nutrient content. Food groups are a classifi-
cation of foods on the basis of the nutrient profile sugar (see ‘Balance of
good health’ in ‘Food-based dietary guidelines’, Chapter 2, and Table 1.1).
Commonly used food groups are:

e high protein foods, e.g. meat, fish, eggs, dairy products, pulses/legumes;
e carbohydrate-rich foods, e.g. cereals, roots, and tubers;

o dairy foods;

o fruit and vegetables;

o foods rich in fat or oil.
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Table 1.1 Nutrient profile of the main food groups

Food Fat Carbo- Protein Fat-soluble Water- Minerals
group hydrate vitamins soluble
vitamins
Cereals ++ + + + + + +
(Bs)
but
variable
Roots & ++ + + + +
tubers but (©)
variable but
variable
Legumes/ + ++ ++ +
pulses but (Bs)
variable
Meat, fish, + + + + + + +
eggs + (Bs)
Dairy + ++ ++ + ++
products (©
Fruits + +++
(©)
Vegetables ++ +++ ++
(C, folate)
Sugar +++
Fatsand oils ++ +++
v but variable

+, This food group is a source of the nutrient(s) in most human diets; ++, this food group is an
important source of the nutrient(s) in most human diets; +++, this food group is a major
source of the nutrient(s) in most human diets.

Food groups are widely used in the formulation of dietary guidelines and
for nutrition education messages of various kinds, such as eat five por-
tions of fruit and vegetables a day (a current UK health message). While
useful, such classifications are also somewhat arbitrary; so some foods
can be placed in more than one food group.

Staple foods

A staple food is one that forms the basis of the diet in terms of both

quantity and frequency of consumption and that provides the highest

proportion of energy. Staple foods vary with geographic region, but in
global terms the most important staple foods are the following.

o Cereals; globally cereals supply approximately 51% of the world’s
dietary energy supply (DES) with rice, maize, and wheat the most
important, although other cereals, such as millets and sorghum, are
also important in some regions. Cereals are a good source of

7
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carbohydrate, but also contain reasonable amounts of protein
and, depending on variety and processing, some micronutrients,
e.g. Fe and some B vitamins.

e Roots and tubers, and particularly cassava or manioc; in sub-Saharan
Africa they supply 22% DES, with this figure rising to over 70% in
individual countries, such as the Democratic Republic of Congo.

Other important roots are potatoes, yams, sweet potatoes, and taro.
They are high in carbohydrate, but low in fat, protein, and, with some
important exceptions, e.g. sweet potatoes, micronutrients.

Other less common staple foods are sago eaten in parts of Malaysia and
Indonesia and plantain and bananas in many tropical countries (sub-
Saharan Africa, Asia, Caribbean, and South America. The importance of
staple foods has declined in industrialized countries (e.g. in industrialized
countries cereals only supply 26% DES), but they remain important in
many low income countries. In Nepal 77% DES from cereals (predomi-
nantly rice) while in the USA only 23% DES derives from cereals (as
mixture of rice, wheat, and maize).

Meals

Most foods are eaten as part of meals. Meals may differ in the following

ways.

e The combination of foods eaten, e.g. the traditional British meal of
‘meat and two veg’.

o How they are processed, prepared, and cooked. This can have an
impact on the nutritional value of food, e.g. steaming rather than
boiling vegetables reduces losses of water-soluble vitamins.

o The order in which particular items or dishes are consumed. In most
European countries a formal meal is a three course sequence pattern
of starter, main course, and pudding or dessert, whereas in Chinese
banquets many dishes tend to be served at once.

e How food is eaten: with hands or implements, from separate dishes

or a common bowl. This is largely a matter of social etiquette, but

can be important in child feeding, e.g. if small children are fed from

a common pot rather than given an individual serving.

Who eats with whom and the allocation of food within the household.

In some societies men and women eat separately and there is also an

unequal division of food between the sexes, including children.

These meal patterns may impact upon the dietary intake of individuals

within a household.

Snacks
Snacks are foods that are not eaten as part of meals. The place of snacks
in peoples’ diets and their contribution to overall dietary intake are
variable.
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FOOD COMPOSITION TABLES

Food composition tables

The food composition tables used in the UK are those of McCance and
Widdowson. The 6th edition was published in 2002 by the Food Stan-
dards Agency in collaboration with the Royal Society of Chemistry
(www.food.gov.uk)." Book and electronic versions are available. Food
tables may be country-specific to account for country-specific food laws,
e.g. fortification.

Food composition tables list the energy, macronutrient, and selected
micronutrient content of selected foods. Mean values are derived from
representative samples of each type of food and expressed in standard
units of 100 g per food. Values are usually expressed in terms of the
edible portion of the food although ‘as purchased’ values may be given.
The contents are arranged by food groups: cereals and cereal products,
dairy products, eggs, meat and meat products, etc. Foods are given an
individual code. Supplements are available for specific foods, e.g. fish, fats,
and oils.

Food composition tables are used to analyse the foods and diets of
individuals and groups; the values obtained are often then compared with
DRVs. Other uses of food composition tables include:

e the planning and assessment of food supplies, e.g. during famines

or war;

designing institutional and therapeutic diets, e.g. in schools or hospitals;
prescription of diets in clinical practice;

modifying diets to * or ¢ particular nutrients;

health promotion and teaching;

nutrition labelling;

food regulations and consumer protection;

research on relationships between diet and disease.

Food composition tables are compiled by laboratory analyses of
selected samples of foods and cooked recipe dishes. They may also be
compiled from published results in the literature.

@ Tables usually include an introduction explaining how they are com-
piled; it is important to read this section.

Calculation of energy values

The gross energies of foods are measured using a ballistic bomb
calorimeter but the values used in the tables are the energy available for
the body to metabolize—metabolizable energy. Metabolizable energy
accounts for faecal and urinary losses. The difference between gross
energy and metabolizable energy is about 5%. The direct measurement of
metabolizable energy required human trials. Therefore, energy conver-
sion factors, e.g., Atwater factors are used (see Table 1.2). These factors
are derived from elaborate human studies.

" Food Standards Agency (2002). McCance and Widdowson's the composition of food, 6th summary
edition. Royal Society of Chemistry, Cambridge.
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Table 1.2 Energy conversion factors

Nutrient kcal/g kl/g Comments
Protein 4 17
Fat 9 37 Original Atwater factor was 8.9 kcal,

- the lower k| figure is preferable

Carbohydrate 3.75 16 Value is for available carbohydrate
expressed as monosaccharides. If
carbohydrate is expressed directly
or by difference 4 kcal/g is used

Sugar alcohols 24 10 Mean value used in food labeling
Ethyl alcohol 7 29
Glycerol 4.31 18 Assumes complete metabolism

Calculation of protein content

Most tables give protein and amino acid analyses. Protein content is

usually derived from nitrogen content. It is assumed that on average

protein is 16% nitrogen. Therefore the nitrogen content is multiplied by

6.25 (100/16) to derive protein content but there are limitations.

o The nitrogen content of food proteins varies.

o The nitrogen content varies with amino acid composition.

o Other food constituents contain nitrogen, e.g. purines, urea,
pyrimidines, and dipeptides.

Calculation of fat content

Most tables give total fat and fatty acid analyses. Before determining the
fat content of foods it is necessary to extract the fat with alcohol, which
can be done by a variety of methods, e.g. Soxhlet extraction. Each
method of extraction will vary in the extent to which different fats are
extracted so introducing a possible error.

Calculation of carbohydrate content

Some tables report carbohydrate content by difference, i.e. carbohydrate =
100—amounts of protein, water, fat, and ash. This assumes that all
carbohydrates have equal digestibility, which is not correct. Other tables
sum measured values of total available carbohydrate (the sum of sugars
and starches); this is usually reliable but the * use of glucose and high
fructose syrups may — overestimation of sucrose.

Dietary fibre is determined by one of two methods (Englyst and
Southgate) and values from the methods should not be mixed. In the UK
the Englyst method is used most widely and the ‘fibre’ content is
described as ‘non-starch polysaccharides’ as this best describes biologically
useful fibre.

Calculation of micronutrient content

There are many methods for measuring micronutrients and these have
variable accuracy. Some micronutrients have a variety of forms that
are biologically active, e.g. folate. No single assay gives total free folate
activity in foods.

11
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FOOD COMPOSITION TABLES

Limitations of food tables

Real variation in energy and nutrient content All foods vary in energy
and nutrient content because of many factors—variety or strain, sex and
age of animals, agricultural processes, environmental factors, e.g. soil and
climate, conditions and duration of storage, processing, and preparation.
There is less variation in macronutrients than micronutrients with the
exception of fat. The cut of meat will - a variation in fat content as will
personal preference of the consumer.

Variation in water content Water content is one of the most significant
sources of variation in nutrients. Dry cereal grains have relatively little
water but their content is variable and the amount of water absorbed in
preparation is variable, e.g. cooked rice has a water content of between
65 and 80%.

Sampling errors The sample analysed must be representative of the
average composition of particular foods. This needs to take into account
seasonal or regional variations. This is particularly true of processed
foods where the recipe and process is variable. Different recipes will add
another layer of inaccuracy. Recipes are often given in food composition
tables or the recipe used should be calculated from raw ingredients.

Inappropriate methods The choice of analytical method is important
and should be reported. Some methods used for the determination of a
nutrient may not be interchangeable, e.g. fibre.

Laboratory errors Laboratories are standardized but errors may still
occur.

Use of conversion factors Conversion factors may introduce errors as
described before.

Bioavailability ~This is not an error but it is important to consider the
bioavailability of specific nutrients.

Errors in coding and calculation Calculation of the nutrient content of
foods requires precise information on the amounts of food eaten. Often
average portion sizes are used, which will introduce errors. Errors may
also occur in the coding of foods and calculation of nutrient content.

Studies have compared values obtained directly and by using food
tables and found that energy and protein values varied by 10-15% and
that values for micronutrients varied by up to 50%. Provided the limita-
tions of the use of food tables are understood they are invaluable tools
for nutritionists and dietitians.

Food composition analysis programmes are now available that make
the calculations less arduous, e.g. Comp€Eat, Dietplan 6.
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DIGESTION

Digestion

Food is broken down by mechanical and chemical mechanisms in the
gastrointestinal (Gl) tract before nutrients can be absorbed into the
body. The Gl tract is a continuous tube from the mouth to the anus and
is approximately 7 metres in length (Fig. 1.1). Food is transported
through the lumen of the tract as it is digested.

The mouth and oesophagus

Food is chewed by teeth and mixed with saliva, which is produced by
salivary glands (parotiod, submaxillary, and sublingual glands). Saliva
contains the enzyme amylase, which starts the digestion of starch. The
food is mixed with saliva, fluid, and mucus to form a bolus that is pushed
into the pharynx by the tongue. The pharyngeal muscle contracts to
swallow the bolus of food. The bolus is moved down the oesophagus
into the stomach by peristalsis.

The stomach

The cardiac sphincter is found at the junction of the oesophagus and
stomach and contracts to prevent food leaving the stomach and
re-entering the oesophagus. The stomach is a muscular organ that further
breaks down the bolus by mechanical, chemical, and enzymatic actions.
Parietal glands in the stomach wall secrete hydrochloric acid, which helps
break down the food, denatures protein, and converts the inactive pepsi-
nogen into active pepsin. Pepsinogen is secreted by chief cells. Pepsin
begins the breakdown of proteins. Renin and gastric lipase break down
milk protein and fat respectively. Goblet cells secrete mucin, which pro-
tects the stomach from hydrochloric acid. The food is converted into
chyme in the stomach, which then passes into the small intestine.

The small intestine

The pyloric sphincter is a circular muscle at the junction of the stomach
and small intestine that controls the release of chyme into the small
intestine. The small intestine consists of the duodenum, jejunum (approx.
20 ft in length), and the ileum. Chyme is transported along the small
intestine by slow muscular contractions known as peristalsis. It can take
up to 5 h to complete the movement through the small intestine; this
slow transition aids absorption. The surface area of the small intestine is
large to facilitate digestion and absorption. Villi and microvilli are finger-
like projections lining the lumen. Enzymes lactase, maltase, and sucrase
are secreted by the microvilli and complete carbohydrate digestion into
monosaccharides. The villi have thin walls through which nutrients are
absorbed into capillaries (carbohydrates and proteins) and lacteals (fat
absorption) (Fig. 1.2). The lacteals connect with the lymphatic system.
Proteins are further broken down in the small intestine into amino acids,
which can be absorbed through the villi wall.
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QOesophagus

Liver Stomach

Gall bladder
Duodenum
Transverse colon

Pancreas

Descending colon
Jejunum

Ascending colon

lleum Small intestine
Caecum

Appendix Sigmoid colon

Anus Rectum

Fig. 1.1 The gastrointestinal tract.

Small intestine Villi

Mucosa
Submucosa

Epithelial cell
Capillary
Lacteal

Villus

Vein
Artery
Lymphatic duct

Fig. 1.2 Villi of the small intestine.
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The pancreas secretes a mixture of enzymes that continue digestion;
trypsinogen and carboxypeptidase break down proteins and polypeptides
into amino acids and lipase breaks down fats into fatty acids. Bile is
secreted by the liver and stored and concentrated by the gall bladder.
Bile dilutes and buffers the chyme and emulsifies fat so enabling lipase to
break it down. Water-soluble nutrients (amino acids, monosaccharides,
and water-soluble micronutrients) and short and medium chain fatty
acids are taken to the liver via the portal vein. Fat-soluble nutrients are
transported in the lymphatic system and enter the blood system at the
left subclavian vein.

The large intestine

The remaining chyme passes into the large intestine through the ileocae-
cal sphincter, a circular muscle that separates the small and large intes-
tines. The large intestine consists of the caecum (and appendix), colon
(ascending, transverse, descending, and sigmoid), rectum, and anus.
<10 % digestion occurs in the large intestine. Water is reabsorbed to
conserve water and to form faeces. Some vitamins including vitamin K
and biotin are absorbed in the large intestine. Faeces consist of undi-
gested food, particularly insoluble fibre, and is expelled from the rectum
through the anus by powerful contractions. Defecation is controlled by
the anal sphincter.

Fat digestion and absorption

Most dietary fat is in the form of triacylglycerides (triglycerides) and is
digested by pancreatic lipase into non-esterified fatty acids and monacyl-
glycerides. Phospholipid digestion yields lysophosphoglyceride and a fatty
acid. Cholesterol is hydrolysed before absorption. Triacylglyceride diges-
tion is very efficient with 95% of fat being digested and absorbed; only
40% cholesterol is absorbed. The products of fat digestion pass into
‘mixed micelles”: large molecular aggregates of monoacylglycerides, large
fatty acids, bile salts, and phospholipids. Cholesterol, carotenoids, toco-
pherols, and some undigested trigacylglycerides are taken into the
hydrophobic core of the micelles.

Lipid absorption occurs mainly in the jejunum. The digestion products
pass from the micelles into the enterocyte’s membrane by passive diffu-
sion. A fatty acid binding protein binds to fatty acids and they are rapidly
re-esterified to monoaclyglycerides. Cholesterol is re esterified by acyl-
CoAcholesterol acyltransferase or by the reversal of cholesterol
esterase. Cholesterol esterase is induced by high levels of dietary choles-
terol. Fats are packaged into chylomicrons, which circulate and are mainly
removed in adipose tissue by lipoprotein lipase. The chylomicrons are
not completely consumed by the enzyme but are degraded to smaller
particles, remnants that are removed by the liver. Short and medium
chain fatty acids are directly absorbed into the portal vein. Lipids are
synthesized in the liver and those delivered by chylomicron remnants
are packaged into very low density lipoproteins (VLDL) and secreted into
the blood.
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DIETARY REFERENCE VALUES (DRVs)

Dietary reference values (DRVs)

DRVs are established within a population as a measure of nutritional
adequacy. The first DRVs were established in the late 19th century and
international values were established by the League of Nations in 1936—
1938 to prevent deficiencies in a population group. Many countries have
their own values and international values have been published by
FAO/WHO/UNU. DRVs for food, energy, and nutrients for the UK
(report of the Panel on DRVs of the Committee on Medical Aspects of
Food Policy (COMA) were last revised in 1991." See OUP website for
revisions since publication of this handbook (www.oup.com). Updates
may be available from the Department of Health (www.dh.gov.uk) or the
Food Standards Agency (www.food.gov.uk).

DRVs are based on the assumption that the individual requirements for
a nutrient within a population or group are normally distributed and that
95% of the population will have requirements within 2 standard devia-
tions of the mean as shown in Fig. 2.1. They assume that individuals are
healthy and also consider gender, age, growth, and physiological status,
i.e. pregnancy and lactation.

Limitations of DRVs

While DRVs can be useful, they can be misused and the inherent prob-
lems associated with making recommendations for the whole population
should be appreciated.
o A standard distribution of nutrient requirements is assumed; the
distribution may not be normal or insufficient data may be available
to establish normality.
e Good data are required for the panel to evaluate requirements;
these data may be derived from balance studies, tissue levels, pool
size, etc., amount required to prevent symptoms of deficiency, or a
measure of function of the nutrient. Such data are not always
available and at times the panel has decided that the data are
insufficient to set requirements and has .. recommended a ‘safe
level’ of intake.

Factors affecting dietary requirements
e Metabolic requirement including:
« age, gender, body size;
« lifestyle (smoking, obesity, physical activity, etc.);
« disease, e.g. fever, catabolism;
. trauma;
« growth.
o Bioavailability including:
« altered absorption, e.g. milk Ca is better absorbed than
non-milk Ca;
« reduced utilization;

! Department of Health (1991). Dietary reference values for food and nutrients for the United
Kingdom. HMSO, London.


www.oup.com
www.dh.gov.uk
www.food.gov.uk
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« 1 losses, e.g. diarrhoea, burns, renal disease;
« environment, e.g. heating of nutrients;

« drugs, e.g. diuretics;

« dietary concentration;

« dietary interactions;

« drug-nutrient interactions.

Uses of DRVs

o Dietary assessment of individuals, although it must be remembered
that DRVs are based on populations and groups not individuals. Other
factors may need to be considered.

o Dietary assessment of groups or populations; it is important that the
population is comparable to that for which the recommendations are
derived.

e Prescription of diets and provision of supplies, e.g. school meals.

e Food labelling.

e Food formulation.

19
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DIETARY REFERENCE VALUES (DRVS)

Definitions

Dietary reference value (DRV)—a term used to cover LRNI, EAR, RNI,
and safe intake.

Recommended daily amount (RDA)—‘the average amount of the
nutrient which should be provided per head in a group of people if
needs of practically all members of the group are to be met’."

Recommended Intakes—‘the amounts sufficient, or more than suffi-
cient, for the nutritional needs of practically all healthy persons in a
population’.T ‘Intake’ emphasizes that the recommendations relate to
food actually eaten.

Requirement—the amount of a nutrient that needs to be consumed in
order to maintain normal nutritional status.

Estimated average requirement (EAR) (point y in Fig. 2.1)—is the mean
requirement of a nutrient for a population or group of people. On
average 50% will consume more than the EAR and 50% less.

Lower reference nutrient intake (LRNI) (point x in Fig. 2.1)—is the
level at which only 2.5% of the population or group will have an
adequate intake; it will not be enough for most people. An individual
with this intake may be meeting his/her requirement but it is highly
probable that he/she is not.

Reference nutrient intake (RNI) (point z in Fig. 2.1)—at this level intake
will be adequate for 97.5% of the group or population. It is possible
that an individual’s intake will not meet his/her requirement at this
level but is highly improbable. RNIs for micronutrients are given in
Appendix 6 and as appropriate throughout the handbook.

Safe level is given when insufficient information is available to derive
requirements. It is an average requirement plus 20% and is believed to
be adequate for most people’s needs. The panel judges that there was
no risk of deficiency at this level and that there is no risk of undesirable
effects above this level.

# Department of Health and Social Security (1979). Recommended daily amounts of food, energy
and nutrients for groups of people in the United Kingdom. Reports on health and social subjects
no.15. HMSO, London.

Department of Health and Social Security (1969). Recommended daily amounts of nutrients for
the United Kingdom, Reports on health and social subjects no. 120. HMSO, London.
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Fig. 2.1 Derivation and definition of dietary reference values.

(Modified with permission from Department of Health (1991). Dietary reference
values for food and nutrients for the United Kingdom, London: Her Majesty’s
Stationary Office. Reprinted with Permission.)
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Fig. 2.2 Dietary intakes and risk of deficiency.

(Modified with permission from Department of Health (1991). Dietary reference
values for food and nutrients for the United Kingdom, London: Her Majesty’s
Stationary Office. Reprinted with Permission.)
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FOOD-BASED DIETARY GUIDELINES (FBDG)

Food-based dietary guidelines (FBDG)

Historically, dietary guidelines were nutrient-based; FBDG were developed
to facilitate the teaching of ‘healthy eating’ and nutrition to population
groups. FBDG focus on foods, rather than nutrients, and are intended for
use by the general public. They are designed to be understandable to
most consumers. FBDG give practical information on ‘healthy eating’ and
intakes of nutrients to meet DRVs of macro- and micronutrients (see
Appendix 6). FBDG are designed to be appropriate to each population
group; they may be country, age, or culturally specific.

Development of FBDG
The FAO report on the development of FBDG is available on the website
(www.fao.org).

Key concepts
The following points should be considered in the development of FBDG.

Dietary patterns

o Total diet rather than nutrients.

o Reflect food patterns rather than numeric nutrient goals.
e Various dietary patterns can be compatible with health.

Practical considerations

e Food should be affordable, widely available, and accessible.

e FBDG should recognize social, environmental, and agricultural
conditions affecting foods and eating patterns.

e They should be flexible such that they can be used by people with
different lifestyles, ages, and physiological conditions, e.g. pregnancy.

Comprehensible

o Easily understood.

e Food groups should make sense.

o Visual representations.

o Testing is essential before dissemination.

Culturally acceptable

e Foods and colours should be culturally appropriate.
e Sensitive to cultural and religious considerations.

e Avoid racial changes in current practice.

e Use appropriate dialect or language.

o Positive and encourage enjoyment.

Underlying assumptions

e Foods are more than nutrients—food has cultural, social, ethnic, and
family messages.

o Biological functions may not be fully elucidate. Foods may be more
beneficial than nutrients alone.

e Combinations of nutrients in foods can have different metabolic
effects.

e Food processing and preparation influence nutritional values.


www.fao.org
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o Specific dietary patterns can be associated with reduced risk of specific
diseases.

e Science-based disciplines including:

« nutrition;

. food science;

« behaviour;

« communication;

« agriculture.

Nutrition concepts
These concepts are generic and recommended by FAO. Country-specific
concepts are developed.
@ These concepts may be different to DRVs recommended for UK.
o Energy
« Aims to prevent excess or deficiency.
« Promotes appropriate energy intakes by encouraging appropriate
food choices.
« Physical activity is also encouraged.
e Protein
« High quality protein: 8-10% total energy.
« Vegetable-based mixed diet: 10-12% of total energy.
« Elderly where energy intake low: 12-14% total energy.
e Fat
« At least 15% energy from fats and oils.
« Childbearing age women at least 20% to ensure adequate essential
fatty acids.
« Active non-obese <35% total energy (saturated fatty acids (SFA)
<10%).
« Sedentary <30% total energy.
« SFA <10% total fat.
o Carbohydrate
« Main energy source >50%.
« Complex carbohydrate foods need to be cooked to be fully
digestible.
« Sugar usually 1 acceptability and energy density. Inversely
related to fat intake. Moderate intakes compatible with a
varied nutritious diet. No specific limit to sugar consumption
but usually <10% total energy. UK government recommends that
no more than 10% of total energy should come from non-milk
extrinsic sugars.
e Micronutrients
« Compounds with different metabolic activities.
« Essential for normal growth, development, and health.
« Important in preventing infectious and chronic diseases.
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FOOD-BASED DIETARY GUIDELINES (FBDG)

Balance of good health
‘The Balance of Good Health’ (FSA) or plate model is the pictorial
representation of FBDG in UK (Fig. 2.3). It is applicable to most people
including minority ethnic groups, vegetarians, and people of all ages
except children under 2 years. Between the ages of 2 and 5 years,
children should make a gradual transition to family foods.

The ‘Balance of Good Health’ is based on 5 food groups.
1 Bread, other cereals, and potatoes.
2 Fruit and vegetables.
3 Meat, fish, and alternatives.
4 Milk and dairy foods.
5 Foods containing fat/foods containing sugar.

The FSA tips for healthy eating are as follows.

e Base your meals on starchy foods.

o Eat lots of fruit and vegetables.

e Eat more fish, include one portion of oily fish.
o Cut down on saturated fat and sugar.

e Try to eat less salt—no more than 6 g a day.
o Get active and try to be a healthy weight.

o Drink plenty of water.

e Don't skip breakfast.

A healthy diet should include:

e Meals based on starchy foods, such as bread, pasta, rice and

potatoes—including high fibre varieties where possible.

Plenty of fruit and vegetables—atleast 5 portions of a variety a day.

Moderate amounts of milk and dairy products—choose low-fat options

where possible.

e Moderate amounts of foods that are good sources of protien such as
meat, fish, eggs, beans and lentils.

e Low amounts of foods that contain large amounts of fat or sugar.



CHAPTER 2 Dietary reference values (DRVs) 25

i Bread, other
Fruit &
vegetables cereals and
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Fig. 2.3 The ‘Balance of good health’ plate model
(Reproduced with kind permission of the Food Standards Agency, UK.)
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MyPyramid (steps to a healthier you)

MyPyramid (Fig. 2.4) is the pictorial representation of the USA FBDG

(www.mypyramid.gov). It was released in April 2005 by the United States

Department of Agriculture. It incorporates physical activity as an impor-

tant part of good nutrition. Mypyramid is designed to be personalized

and it is accompanied by a web-based personal nutrition plan. The design
encompasses the following principles.

o Activity. The steps represent activity and the figure the importance of
daily activity.

e Moderation. The bands represent moderation by narrowing as they
reach the top. Foods with little or no fat and sugar are wider at the
base and should be selected more frequently. Narrow bands
represent foods with more fats and added sugars; the more active
you are the more of these foods can be eaten.

e Personalization. This is represented by the figure on the steps, the
slogan, and on the website.

e Proportionality. This is shown by the widths of the bands of the food

groups. They are a guide as to how much a person should include in

their diet. They are a general guide and not exact proportions.

Variety. This is symbolized by the 6 bands that represent 5 food

groups and oils. This shows that foods from each band are needed

each day.

o Gradual improvement. This is shown by the slogan ‘Steps to a
healthier you'. Individuals are encouraged to take small steps each
day to improve their diet and lifestyle.


www.mypyramid.gov
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Fig. 2.4 MyPyramid food-based dietary guidance for USA (USDA center for
nutrition policy and promotion).
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CURRENT DIETARY PATTERNS

Current dietary patterns

Information on current dietary patterns in the UK is taken from the
National Diet and Nutrition Survey (NDNS): adults aged 19 to 64 years.
The survey was conducted between July 2000 and June 2001.

@ Previous adult NDNS surveys have included 16-19 year old. .. be
cautious when making comparisons.

Fruit and vegetable consumption

e The mean fruit and vegetable consumption (including composite foods)
was 2.8 portions/d with women consuming slightly more than men

(2.9 portions/day for women and 2.7 portions/d for men).

Only 14% of adults eat the recommended intake of 5 portions/day.
People in the age group 50-64 y consumed nearly 4 portions/d,

with people in the younger age groups consuming decreasingly less
with age.

Households receiving state benefit consumed on average 1 less portion
of fruit and vegetables/d.

Vegetarianism/veganism

e 5% reported being vegetarian or vegan; men were less likely to report
being vegetarian or vegan—2% compared with 7% of women.

e |t was particularly popular in women aged 10 to 34 years.

o All avoided red meat, 92% avoid white meat, 29% avoided all animal
products.

Supplement usage and dieting for weight loss

® 35% reported taking supplements with more women (40%) than men
(29%) taking them. In the 1986/87 adult survey 17% women and 9%
men reported taking supplements.

e 10% men reported dieting to lose weight compared with 24% women.

Macronutrient and energy intakes (see Table 3.1)
e The mean daily energy intake was below EAR s for each sex and age
roup.

° gAverF:jlge protein intakes for all age and sex groups were above the
RNI.

e The mean percentage energy derived from NMES was above DRV
for all age and sex groups except women aged 50—64 y.

o The mean daily intake of NSP was below the recommended average
intake of 18 g/d for all sex and age groups.

e The mean daily fat intake was 35%, the recommended intake.

e The mean energy derived from saturated fat was 13.3% which is above
the recommended level of 11%.
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Table 3.1 Average intake of macronutrients and energy* (2000/2001)
compared with DRVs (NDNS)T

Energy/nutrient Men Women
Total energy intake

M) 9.72 6.87

(kcal) 2313 1632
%EAR 92% 85%
Protein (g) 88.2 63.7
% RNI 161% 140%
Total carbohydrate (g) 275 203
% food energy 47.7% 48.5%
NMES (g) 79 51
% food energy 13.6% 11.9%
NSP (g) 152 126
% intakes <18 g 72% 87%
Total fat (g) 86.5 61.4
% food energy 35.8% 34.9%
Saturated fatty acids (g) 325 233
% food energy 13.4% 13.2%

Abbreviations: EAR, estimated average requirement; RNI, recommended nutrient intake;
NMES, Non-milk extrinsic sugars; NSP, Non-starch polysaccharides.

* Energy intake includes energy from alcohol.
T Source: Henderson, L., Gregory, J., and Irving, K. (2003). The National Diet and Nutrition
Survey: adults aged 19 to 64 years. Vol. 2, Energy, protein, carbohydrate, fat and alcohol intakes.

HMSO, London.
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Alcohol consumption

Men are more likely to consume alcohol than women in each age
group.

38% men and 24% women exceeded the recommend maximum intakes
of 4 units/d for men and 3 units/d for women.

20% men and 9% women drank heavily; >8 units/d for men and

>6 units/day for women.

Women aged 19-24 y drank more heavily than older women.

Men aged 35-49 y drank the most heavily.

Vitamin and mineral intakes

Both men and women aged 19-24 y had the lowest mineral and
vitamin intakes.

Mean intakes for all vitamins were close to RNI, except vitamin A
in 19-24 y age group.

Intakes of minerals were below the RNI for K and Mg in men
aged 19-24y.

Mean intakes for all ages of women were below RNI for Mg,
potassium, and Cu.

Mean intake of Fe was below the RNI for all age groups of women
except 50-64y.

Supplements tintake of vitamin A and Fe but intakes were still below
RNIs.
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DIETARY ASSESSMENT

This chapter will consider nutrition assessment of the individual and
dietary assessment of populations and groups.

Dietary assessment

Dietary assessment is an imprecise procedure; the imprecision can be
minimized by using the appropriate technique and by an understanding of
the errors implicit in the methodology. Dietary assessment is further
hampered by the fact that in assessing diet it will change. Dietary assess-
ment precision varies from very precise techniques such as metabolic
balance studies to the broad estimates of population studies. The meth-
odology chosen must be appropriate for the nutrient/s that are being
assessed and for the individual or population being assessed. The timing
of the assessment is also important and must consider cultural variations
such as differences in the week (week day vs weekend day), seasons (wet
vs dry season), and special occasions, e.g. Ramadan, Christmas.

This section gives a brief description of the methods used to assess
diet; fuller descriptions and methods of assessing validity are described by
Margetts and Nelson (1997).1

Country level assessment

Information is available on a national level on food production and
agriculture; but this does not consider imports and exports. Food balance
sheets (FBS), per country, are published annually by FAO (www.faoc.org/
esless/wfs.asp) and estimate a country’s food supply (Table 4.1). Data are
collated on domestic food production, food imports, and food taken
from storage. Food per capita data can be derived as shown below and
this can also be converted into nutrient values.

Per capita supply = total production + imports
+ adjustment for storage levels
— exports — animal use — seeds
— losses (storage, transport, and processing)

The information can be used to study the links between diet and disease
and can aid the development of FBDG but the FBS only give information
on availability not consumption. They give an estimate for the country as
a whole and show no patterns of variation within the country.

! Margetts, B.M. and Nelson, M. (1997). Concepts in nutritional epidemiology, 2nd edn. Oxford
University Press, Oxford.


www.fao.org/es/ess/wfs.asp
www.fao.org/es/ess/wfs.asp

cHAPTER 4 Nutrition assessment

Food balance sheets (FAO methodology)

Strengths
e Information available in 157 countries
e Data routinely collected in the countries

e Does not entail implementation of special surveys
o Assesses long-term trends

e Provides global information on undernourishment
e Provides information comparable across countries
e |s timely: estimates produced rapidly

Weaknesses

e Does not measure actual energy intake or utilization

e Inaccuracy of country food balance data

® In some countries estimates not consistent with socio-economic
indicators

e In poor countries, underestimates actual energy needs

e Data on equality of food distribution not available

o No disaggregation at subnational level
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Household-based surveys

Examples of this type of survey are conducted on a regular basis by the
FSA in the UK (National Diet and Nutrition Survey (NDNS)) and dietary
surveys that are part of the National Health and Nutrition Examination
Surveys (NHNES). NHNES is conducted by the Center for Disease
Control and Prevention (CDC), USA (www.cdc.gov). The limitations and
strengths of each method are shown in Table 4.1.

Food account

The main respondent (often a housewife) notes all food that is purchased
and all food grown or received as gifts. It assumes no change in stocks.
Foods taken out of the household may be recorded. Waste is assumed
to be between 5 and 10%. Records are usually kept for 1-2 weeks which
may not reflect the full dietary cycle of the household. The degree
of disaggregation of food codes affects the precision of the study, e.g. in
Italy food is grouped into 46 groups which is less precise than in the
Netherlands which uses 500 food groups for national surveys.

Inventory

This is similar to a food account with the addition of a larder inventory at
the start and finish of the survey period. Over short periods the survey
may be distorted as attention is drawn to larder items that would not
normally be consumed.

Household record

Foods are weighed or estimated using household measures with an
allowance for waste. An interviewer visits after breakfast and foods con-
sumed at breakfast are recalled. Food for further meals is weighed or
estimated. An afternoon or evening visit may be made to establish waste.
This method is most useful in developing countries when most food is
home produced and levels of literacy are low.

List recall

This survey is based on the recall of foods consumed in a household over
a set period, usually 1 week. It does not estimate individual consumption.


www.cdc.gov
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Table 4.1 Strengths and limitations of household survey data*

Method Strengths Limitations
Food 1. Cheap: data collected by  i. Home foods only unless family
account government and readily members collect data.
available for analysis
2. Representative: national ii. Incomplete; may not include
sample sweets, alcohol, soft drinks
3. Possible subgroup iii. No individual data
analysis—by region,
income, etc.
4. Provides information iv. Based on food composition
on food consumption tables see ‘Food composition
patterns tables’, Chapter 1

v. No knowledge of change in food
stocks

vi. Bias of overpurchasing especially
in elderly or low income house-

holds
Inventory ~ 1-3 plus: i—iv plus:
5. Considers changes in v. Larder inventory may distort
larder stocks usual purchasing patterns
6. Measures actual home
food consumption
Household 3, 5, and 6 plus: i, iii, and iv plus:
record : o . : i
7. Used in societies with vi. Observer presence may distort
low levels of literacy normal patterns
8. Can be modified to vii. Seasonal variation in food
measure individual availability may limit comparisons
consumption between groups
List-recall ~ 1-3, and 6 plus: i—iv plus:
9. Based on single viii. Memory errors
interview
10. Measures food use ix. Observer presence may bias
responses

11. Retrospective;
reflects actual patterns

* Reproduced from Human Nutrition and Dietetics. Garrow JS, James WPT and Ralph A, table
17.1, p135. With permission from Elsevier.
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Individual assessment

The assessment of an individual's diet is susceptible to many possible
errors; these include under- or overreporting by subjects, recall difficul-
ties, measurement errors, coding and calculation errors. Estimation of
portion sizes may also introduce inaccuracies. Assessment may be pro-
spective or retrospective; the strengths and limitations of each method
are summarized in tables 4.2 and 4.3.

Duplicate diet

Subjects weigh and record their food at the time of consumption and a
duplicate of the diet is weighed and stored for direct chemical analysis;
this method does not require the use of food composition tables. This
method is usually used in metabolic units so the onus of weighing, etc.
is not on the subject. Aliquot sampling and equivalent composite are
both duplicate diet methods. In aliquot sampling a sample, usually 10%,
is taken rather than an exact duplicate. This is less wasteful but intro-
duces possible sampling errors. In equivalent composite assessment an
investigator prepares a duplicate diet from the list of ingredients used
by the subjects.

Weighed inventory

This method is widely used: subjects weigh and record all food prepared
and waste. The major advantage of this method is that it does not rely on
assumptions of portion size. Food composition tables are used to esti-
mate nutrient intake from the records.

Household measures

This method is similar to weighed inventory except that food portions
are estimated. Photographs or household measures, e.g. spoons and
cups, may be used to aid portion size estimation. This method requires
less effort by the subject than the weighed inventory but is prone to
more error.

24 hour recall

A trained interviewer guides the subject through food intake in the
previous 24 hours. It is a quick method of dietary assessment but
cannot be used to classify a subject’s usual intake as it is not necessarily
representative of the subject’s normal eating pattern.

Diet history

A diet history is an extension of a 24 hour recall and gives more detailed
information about the usual diet; it can typically take 2 hours. The reli-
ability of the results is very dependent on the skills of the interviewer.
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Steps and tips on choosing a dietary assessment method

Steps and tips on choosing a dietary assessment method

STEP 1 Defining the objective
The method is determined by the reason for the assessment—is it part of a
research study or to clarify an individual ’s deficiency?

U

STEP 2 Foods and/or nutrients?
Are data needed at the nutrient level or will a description of food patterns suffice?

STEP 3 Decide the conceptual timeframe of dietary intake
Past, present, usual?
Will a retrospective or prospective method be most applicable?

STEP 4 Decide the actual timeframe of dietary survey
Day, week, or year?
Number of interviews (e.g. multiple 24 hr recalls),
Consecutive days? Weekdays and/or weekends?
Account for seasonality?

STEP 5 Who will be interviewed and by whom?
e.g. children (interview parent or the child directly?)
Who will conduct the dietary assessment? Do they need training?
Who will record the information? (Interviewer or interviewee?)

STEP 6 What type of foods and drink need to be assessed?
If all, then a prescribed method like a FFQ may be inappropriate.
Is information needed on whether foods are raw or cooked and the cooking
methods used?

STEP 7 Estimating how much is eaten and/or how often
Is frequency of intake enough to meet the objectives?
If the aim is to estimate nutrient intake then quantities will be needed. What
method is best adapted to the context?
Direct quantification: weigh, measure volume
Indirect quantification: household measures, estimated with utensils
and food containers
Standard food portions
Actual dimensions of the food
Food models (2 or 3 dimensional)
Photos of foods with a range of portion sizes
A count of handfuls, e.g. with a shared dish
Proportion of the prepared meal that was consumed, e.g. household
intake
U

STEP 8 Comparing intake with recommendations
If data includes nutrient analysis: are all foods available in food composition
tables? Which dietary analysis programme should be used? Dietary patterns could
be explored or diet scores created to compare with FBDGs.
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Food frequency (FFQ)

Printed questionnaires are used and subjects (or interviewer) tick the
category that approximates to their usual consumption of a list of foods,
i.e. never eaten, eaten once a month, eaten once a fortnight, number of
times eaten per week. This is quantified and intake is estimated. FFQ can
be interviewer led or self-administered (they can be conducted via post).
The number of foods can vary from a few when assessing a food group
or nutrient, e.g. fruit, and are sometimes called screeners. FFQ are often
used in large surveys. It is necessary to validate FFQ against a more pre-
cise method such as weighed food intake. There are 3 main types of FFQ:
o Qualitative—no portion size;

o Semi-qualitative—standard portion size is used;

e Quantitative—subjects are asked to record data on portion size.

Table 4.2 Strengths and limitations of prospective measurements
of individual food consumption®

Measurement Strengths Limitations

General Current diet Labour-intensive

features : : . N
Direct observation of what Requires numeracy and literacy
is eaten skills
Duration may be varied to Subjects need to be well
meet requirements of motivated

estimates of food
consumption or
nutrient intake

Usual consumption may change
due to:

® inconvenience of recording

® choice of foods that are
easy to record

o beliefs of which foods are
healthy or unhealthy

Overweight subjects tend to
underreport

Coding and data entry errors

are common
Duplicate diet  Direct analysis of nutrients Very expensive
(not dependent on food
composition tables)
Required for metabolic Intense supervision required

balance studies -
May not be usual diet

Weighed Widely used ... able to Food composition tables are
inventory compare studies used

Precision of portion sizes

Household No scales needed Loss of precision compared
measures with weighed inventory

* Reproduced from Human Nutrition and Dietetics. Garrow ]S, James WPT and Ralph A, table
17.1, p135. With permission from Elsevier.
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Table 4.3 Strengths and limitations of retrospective measurements of
individual food consumption*

Measurement ~ Strengths Limitations
General Inexpensive Biases caused by:
features e errors in memory, conceptuali-
zation of food portion sizes,
perception
e presence of observer
Quick Daily variation not usually
assessed
Lower respondent Dependent on regular eating
burden habits
Can assess current or Food composition tables used
past diet to estimate nutrients
Diet history Assesses usual diet Over-reporting of foods believed

to be healthy

24 hour recall

Very quick

Prone to underestimate
consumption due to omissions

Can be repeated to
gain measure of daily
variation and improve
precision

Single observation provides poor
measure of individual intake

Food frequency
questionnaires

Suitable for large-scale
surveys

Requires validation in relation
to reference measure

Can be posted

Literacy and numeracy skills
required if self-completed

Short versions (or
screeners) can focus on
specific foods, e.g. fruit
and vegetables

* Adapted from Table 17.2, p.137 of Garrow, J.S., James, W.P.T., and Ralph, A. (2000). Human
nutrition and dietetics, 10th edn. Churchill Livingstone, Edinburg.
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Physical assessment

Observation of an individual may offer a gross assessment of nutritional

status (see ‘Nutritional Screening’, Chapter 16).

o Physical appearance, e.g. pallor, emaciation, and hair changes may be

indicative of long-term energy deficit; loose dentures and loose

clothing may indicate recent weight loss; xanthoma or corneal arcus

in some types of hyperlipidaemia; nail and teeth changes that occur

in bulimia nervosa.

Oedema may be present following protein depletion.

Pressure sores or poor wound healing may be the result of immune

response abnormalities or undernutrition.

Breathlessness may be the result of anaemia.

Mobility may be reduced following a ¥ in muscle mass due to

immobilization which may present difficulties in food purchasing

and preparation.

® Mood, e.g. apathy and depression, may be present in patients with
eating disorders and other causes of undernutrition.

Biochemical and haematological assessment

Various parameters of nutritional status can be measured by analysis

of serum, plasma, whole blood, urine, and faeces. Some measures are

dynamic and reflect very recent changes and do not reflect long-term
nutritional status. See sections on specific nutrients in Chapter 5 and

‘Nutritional Screening’ in chapter 16.

e Vitamin and mineral status may be assessed by circulating levels
although deficiency of some micronutrients must be prolonged before
blood levels are affected. For other micronutrients the body is very
finely balanced and a dietary deficiency is balanced by * mobilization
from tissues, e.g. phosphate, or ¥ excretion.

® Protein status may be reflected by serum proteins such as albumin,
although levels do not truly reflect changes in protein status; levels are
affected by other factors, e.g. infection, CRP levels. Serum transferrin
and rapid turnover proteins, e.g. thyroxine, are reasonable markers of
protein status but are also affected by metabolic stress and may not be
very specific.
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Body composition

Body composition is used to establish nutritional status especially when
measuring adiposity. A limited number of cadavers have been analysed to
establish the true composition of the human body. The cadavers analysed
varied in ethnicity, age, gender, and cause of death. While the unsystem-
atic selection of cadavers may be criticized, the enormity of the task
coupled with ethical considerations and the difficulty and distastefulness
of the procedure makes the analysis remarkable. The data from these
analyses have formed the basis for the establishment of modern indirect
measures of body composition.

Theoretical models

Theoretical models are used to derive reference data for the develop-
ment of indirect methods, e.g. anthropometry. The body is divided into
compartments; the classic 2 compartment model divides the body into
fat mass (FM) and fat—free mass (FFM). Fat mass consists of all extract-
able lipids and the remainder is FFM. Cadaver analysis was used to derive
properties of FM and FFM.

o Density of FM = 0.901 g/ml.

Density of FFM = 1.10 g/ml.

Densities of FM and FFM are constant within and between individuals.
FFM is assumed to be 73.8% water, 19.4% protein, and 6.8% mineral.
The 3 compartment model estimates FM + total body water (TBW) +
‘dry’ FFM (protein and mineral).

The 4 compartment model consists of FM + TBW + protein + mineral.
The method used to derive each compartment will vary with more
sophisticated methods being needed to differentiate between com-
partments. Table 4.4 summarizes the methods available.

Direct methods

Until the development of in vivo neutron activation analysis (IVNAA) the
only direct method of body composition analysis was cadaver analysis. In
IVNAA the body is bombarded with fast neutrons of known energy
levels. Neutrons are captured by chemicals in the body and the resulting
higher energy is emitted as gamma rays. This method can be used to
measure many elements including Ca, P, N, O,, K, and Cl. IVNAA is
expensive and the body is irradiated. ... there are ethical problems with
its use especially in children.

Indirect methods

Densitometry

This method is based on the 2 compartment model but it can also be
used for 3 and 4 compartment analysis. By measuring the subject in air
and under water it is possible to determine volume and .. body density.
The densities of FM and FFM are assumed (see above) and it is possible
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Table 4.4 Summary of methods for the determination of body
composition*®

Method Accuracy Cost Radiation Time  Convenience
for subject

Cadaver +++ - B

analysis

IVNAA +++ - - ++ ++

Densitometry ~ ++ + ++ +/-

Dilution ++ +/- ) + ++

TBK ++ - ++ ++

DEXA +++ +/—- - ++ ++

CT scanning ++ - - ++ ++

MRI scanning ++ - ++ +

Anthropometry + +++ ++ +

Infrared + ++ ++ ++

interactance

BIA + + +++ +++

TOBEC + - ++ ++

Urinary + + = -

metabolites

+++, Excellent; ++, very good; +, good; +/— reasonable; — bad;

IVNAA, In vivo neutron activation analysis; TBK, total body potassium; DEXA, dual energy
X-ray absorptiometry; CT, computer assisted tomography; MRI, magnetic resonance imaging;
BIA, bioelectrical impedance analysis; TOBEC, total body electrical conductivity.

1 Reproduced from Gibney, M}, Vorster HH, Kok F| (2002). Introduction to Human Nutrition.
1e. table 2.7, P.27. Permission requested from Blackwell Publishing.
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to derive the % body fat by substitution into appropriate equations,
e.g. the Siri formula.

Siri formula: % Body fat = (495/body density) — 450.

Traditionally body volume was measured by water displacement. This
requires the subject to be totally submerged and requires an estimate of
lung volume to be made.

Recently, air displacement plethsymography equipment has become
commercially available (BodPod). Subjects sit in an enclosed chamber and
air volume displaced by the subject is compared to the volume of air in a
reference chamber. This system has the advantage of not requiring under
water submersion.

Bioelectrical impedance analysis (BIA)

BIA has become a popular method of measuring hydration and body fat
as it is easy to use. A small electric current is passed through the body
and the voltage drop is measured by electrodes. The electrodes may
be placed on hands and feet or the subject may stand on electrodes. The
drop in voltage reflects the body’s impedance or resistance. Resistance
will be greater in individuals with greater body fat and lower in individuals
with more FFM and total body water (TBW). Prediction equations are
used to derive TBW and FFM from resistance and subject information,
e.g. age, weight, height, and gender. BIA is quick and requires little train-
ing and the equipment is becoming relatively cheap. The system can be
perturbed by factors such as time since last meal and will be affected by
hydration. Segmental and multifrequency models are now available.

Dilution techniques

TBW is assumed to be constant at 73.8% and measurement of the dilu-
tion of a tracer in TBW gives an estimate of TBW. Suitable tracers are
deuterium, tritium, and "®O-labelled water. A sample of blood, urine or
saliva is collected at baseline and after an equilibration period of 3 h.

Total body potassium (TBK)

TBK is constant and is present only in FFM. A known proportion of
naturally occurring potassium occurs as the isotope ~K which is radioac-
tive. By measuring this radiation it is possible to estimate TBK and then
derive FFM. The subject is required to lie in a whole body counter for
20-30 minutes. Whole body counters are rarely available.

Dual-energy X-ray absorptiometry (DEXA)
The body is scanned with X-rays of 2 energy levels and the chemical
composition of tissues will determine the attenuation of the radiation.
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Software calculates bone mineral content, bone mineral density, and FM.

Imaging techniques

CT and MRI scanning can be used to determine body composition but
are expensive and CT scanning exposes the subject to radiation. They
are useful for segmental analysis.

Urinary metabolites

FFM can be estimated from 24 h measurements of nitrogen, creatinine,
and N-methyl-histidine. All require 24 h urine collections which are often
incomplete and creatinine and N-methyl-histidine. Excretion is variable
and requires the subject to be on a meat-free diet. Nitrogen balance is an
accurate measure of FFM but requires accurate collection of urine and
determination of urinary and faecal nitrogen. This technique is rarely
used outside metabolic units.

Other methods
Total body electrical conductivity can also be used to measure body

composition although it is rarely used in humans. Infrared interactance
has been used but there are questions about its validity.
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Anthropometry

Anthropometry simply means the measurement of man and involves the
measurement of height, weight, skin fold thicknesses, circumferences and
various lengths and breadths of the body. These techniques require
relatively cheap equipment and minimal training and are ... widely used in
clinical practice. The techniques for some anthropometric measurements
are shown in Table 4.5.

Children (see the ‘Growth reference charts’ in ‘Infant
growth and development’, Chapter 10)

For most clinical purposes, the UK90 reference is the only suitable
growth chart and it is used from birth for measuring weight, length
(<2y)/height(>2y), head circumference (<2y), and BMI (weight relative to
height) in the UK. These reference data have been incorporated into the
Child Growth Foundation’s 9-centile growth charts that have been
endorsed by the DH and RCPCH. They are included in the UK Personal
Child Health Record (PCHR) issued to each newborn (see Appendix 2).
BMI percentile chart should be used to identify obesity and the UK 1990
chart is recommended for routine clinical diagnosis of growth faltering.
The cut offs are extrapolated from adult cut offs. Overweight is classified
as 291st centile and obesity >98th centile of the UK 1990 data. Epidemi-
ological studies use an internationally acceptable definition to classify
prevalence of child overweight and obesity.1

Z-score

Anthropometric measurements can be expressed as Z-scores. A Z-score
is the standard deviation (sd) score; the deviation of the value for an
individual from the median value of the reference population divided by
the sd for the reference population:

Z-score = (observed value — median reference value)/sd reference
population

! Cole, TJ., Bellizzi, M.C,, Flegal, KM, and Dietz, W.H. (2000). Establishing a standard definition
for child overweight and obesity worldwide: international survey, Br. Med. J. 320, 1240-3.
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Table 4.5 Standardized anthropometric measurements*

Circumferences

Site Anatomical Measurement
reference

Waist Narrowest part Apply tape snugly around waist. Take
of torso measure at end of natural expiration

Hip (buttocks) Maximum posterior  Apply tape snugly around buttocks

extension of
buttocks

MAC (biceps) Midpoint

process of scapula
and olecranon
process of ulna

Arms hanging freely with palms facing
between acromion  thighs

Skinfold measurements

Site Direction  Anatomical Measurement
of fold reference
Subscapular  Diagonal Inferior angle Fold is natural cleavage line

of subscapular

just inferior to interior angle
of scapula with caliper applied
1 cm below

Suprailiac Oblique lliac crest Fold is grasped behind to
midaxillary line and above iliac
crest

Triceps Vertical As Midpoint is measured and fold

circumference is 1 cm above line on posterior
above aspect of arm

Biceps Vertical Biceps brachii Fold is lifted over the belly of

biceps at line marked for
triceps; caliper is applied 1 cm
below fingers

; Adapted from VH Heyward and LM Stolarczyk, Applied Body Composion Assessment, table
2.1 (p28-29) and S.1 (p71-74). (Copyright 1996, Human Kinetics) Permission requested from

Dr Timothy Lohman.
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Adults

Weight

Body weight is a crude measure of body composition; scales require
regular calibration and servicing and weight may vary between scales.
Monitoring of weight over a period can be a useful indicator of nutri-
tional status.

Height

o A stadiometer is used or the subject is measured against a wall. The
floor should be uncarpeted.

e The subject should be barefoot and weight evenly distributed between
both feet.

o Arms should be hung loosely.

o Heels are together touching the vertical board or stadiometer. Head,
scapula, and buttocks should be touching the vertical board or wall.

o Head erect with eyes focused straight ahead

e Subject should inhale.

e The rod is lowered to the most superior point, compressing hair.

Surrogate measures of height

Recall height may be used in bed-bound patients. This tends to over
estimate height by ~2 cm but this does not effect BMI categorization.
Ulna length can be measured by bending the left arm across the chest
with the palm facing inwards and the fingers pointing to the shoulder.
The measurement is taken between the central and post prominent
parts of the styloid process and the tip of the olecranon (equations for
the predicted height are shown in a box opposite).

Knee height is measured in sitting subjects. The knee and ankle are
bent to 90° and the observers hand is placed flat on the thigh. The
tape measure is held between the fingers and the height measured to
the floor. On the lateral plane of the leg, in the same plane as the
lateral malleolus (prediction equations are given in a box opposite).
Demispan can be measured in patients sitting in a chair or supine. The
right arm is raised until it is horizontal with the wrist in natural flexion
and rotation. The tape is placed between the middle and ring finger
and runs smoothly along the arm. The measurement is taken from the
tip of the finger to the centre of the sternal notch (prediction
equations are shown in a box opposite).

Body mass index (Quetelet’s index)
BMI reflects body fat stores and is calculated as

BMI = weight (kg)/height (m)®.
BMl is correlated to the risk of obesity and underweight-associated mor-
bidity. Overweight subjects have an T risk of associated health problems,
this risk t with * BMI. The WHO cut-offs for the definition of over-
weight and obesity are given in Table 4.6.
BMI is a useful clinical tool and epidemiological tool. Appendix 2 gives
BMI calculator. It should be used with caution in the elderly and in
muscular subjects. Cut—off values for Asian populations are likely to be
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lower but this is still being debated by WHO and the International
Obesity Task Force (www.iotf.org).

Circumferences

Waist circumference and waist-hip ratio have been proposed as meas-
ures of risk of obesity—associated morbidity. The WHO cut—offs for waist
circumference are shown in Table 4.7.

Skinfold thickness measurements

Most of the body’s fat is stored subcutaneously. The thickness of skin-
folds at specific sites are measured (3 measurements are needed at each
site) by calipers and can be used to estimate total subcutaneous fat. The
most commonly used sites are subscapular, suprailiac, biceps, and triceps.
Total skinfolds from these sites can be substituted into prediction equa-
tions to give an estimate of % FM. The most commonly used equations
are those derived by Durnin and Wormesley (1974)." Equations that are
appropriate for specific ages and ethnic groups are available. Skinfold
measurements are cheap and quick but the technique requires training
and skill.

Arm muscle measurement

Midarm circumference (MAC) can be measured as shown in Table 4.5.
It is assumed that the arm is a cylinder of muscle covered by adipose
tissue and that the double thickness of the fat layer is measured by
triceps skin fold thickness (TSF). Midarm muscle circumference (MAMC)
can be calculated:

MAMC (cm) = MAC — (3.14) x TSF (cm).

This estimate of FM and FFM is used clinically to monitor nutritional
status. Appendix 2 gives reference values.

" Durnin, J.V.G.A, and Womersley, . (1974). Body fat assessed from total body density and its
estimation from skinfold thickness: measurements on 481 men and women aged from 16 to 72
years. B. J. Nutri. 32, 77-97.
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Equations for the prediction of height from ulna length

o Men (<65 ) Predicted height (cm) = 79.2 + 3.60 ulna length (cm)
o Men (265 y) Predicted height (cm) = 86.3 + 3.15 ulna length (cm)
e Women (<65y) Predicted height (cm) = 95.6 + 2.77 ulna length (cm)
o Women (265y) Predicted height (cm) = 80.4 + 3.25 ulna length (cm)
@ Equations only validated for ulna length measured on the left side.

Equations for the prediction of height from knee height

e Men (18-60 y) Predicted height (cm) = 71.85 + (1.88 x knee ht (cm))
® Men (60-90 y) Predicted height (cm) = 59.01 + (2.08 x knee ht (cm))
e Women (18-60y) Predicted height (cm) = 67.85 + (1.87 x knee ht (cm))
e Women (60-90y) Predicted height (cm) = 62.25 + (1.91 x knee ht (cm))

@ Equations only validated for knee height measured on the left side.

Equations for the prediction of height from demispan

® Men (16-54 y) Predicted height (cm) = 68 + (1.3 x demispan (cm))
e Men (>55y) Predicted height (cm) = 71 + (1.2 x demispan (cm))
e Women (16-54y)  Predicted height (cm) = 62 + (1.3 x demispan (cm))
o Women (>55 y) Predicted height (cm) = 67 + (1.2 x demispan (cm))

@ Equations only validated for demispan measured on the right side.
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Table 4.6 WHO cut-offs for BMI

BMI Weight status Risk of co-morbidities
Below 18.5 Underweight Low

18.5-24.9 Normal Average

25.0-29.9 Overweight Increased

30.0-39.9 Obese Moderate-severe
Above 40 Very obese Severe

Table 4.7 WHO waist circumference cut-offs and risk
of associated metabolic complications

Increased Substantially increased
Men =94 cm =102 cm
Women >80 cm >88cm

Fig. 4.2 Diagram of skinfold measurement.
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MACRONUTRIENTS: INTRODUCTION

Macronutrients: introduction

The macronutrients are protein, fat, and carbohydrate and they are
required in gram amounts. They are major sources of energy as well as
providing essential nutrients such as amino acids.
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Protein

Protein provides approximately 10-15% of the energy in the diet. Protein
is essential for numerous structural and functional purposes and is essen-
tial for growth and repair of the body. In adults approximately 16% of
body weight is protein. 43% of this is muscle, 15% skin, and 16% blood.
Protein is in a constant state of flux in the body with protein being
synthesized and degraded continuously.

Protein flux (Q) can be described by the following equation:

Q=1+D+S+0

where | = intake, D = degradation, S = synthesis, and O = oxidation
to CO, and urinary nitrogen.

Function

Protein has numerous functions in the body. Examples of the different
functions of protein are as follows.

o Structural. Protein is important for the structure of the body and
about half of the body’s protein is in structural tissues such as skin

and muscle. These structural proteins are collagen (25% of the body’s
protein), actin, and myosin.

Transport. Proteins act as transport carriers in the blood and body
fluids for many molecules and nutrients, e.g. haemoglobin, lipoproteins.
e Hormonal. Hormones and peptides are proteins or amino acid chains,
e.g. insulin, pancreatic polypeptide.

Enzymes. All enzymes are proteins. Extracellular enzymic proteins
include the digestive enzymes, e.g. amylase. Intracellular enzymes are
involved in metabolic pathways, e.g. glycogen synthestase.

Immune function. Antibodies are protein molecules. Proteins are

also involved in the acute phase response to inflammation.

Buffering function. The protein albumin acts as a buffer in the
maintenance of blood pH.

Structure

Proteins are macromolecules consisting of amino acid chains. Amino
acids are joined to each by peptide bonds (Fig. 5.1). Amino acids form
peptide chains of various lengths from two amino acids (dipeptide), 4-10
peptides (oligopeptides) and more than 10 amino acids (polypeptides).
Reactive side groups of the amino acids combine to form links between
amino acids in the chain and other peptide chains. The polypeptides form
B pleated sheets or o helices. Polypeptides fold and cross-links form
between amino acids to stabilize the folds. Proteins are formed by the
combination of polypeptides. These cross-links give the peptide a distinc-
tive function and shape (Fig. 5.2). There are approximately 20 amino acids
and each has a different side group, size, and different properties, e.g. pH,
hydrophilic or hydrophobic. These properties are used in the analysis of
amino acids.
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Fig. 5.1 Formation of a polypeptide.
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Indispensable (essential) amino acids

Some amino acids can be synthesized by the body but others must be
supplied by the diet. These are known as indispensable or essential
amino acids; there are eight essential amino acids (Table 5.1). Some
amino acids are only essential in specific circumstances. In childhood
seven other amino acids are essential that are not essential in adults
(arginine, histidine, cysteine, glycine, tyrosine, glutamine, proline). These
amino acids are essential in children because they are required in
amounts larger than can be synthesized because of high demand,
immature biological pathways, or a combination. Conditionally indispen-
sable or essential amino acids only become essential in circumstances
when the requirement is 1, e.g. glutamine.

Requirements

The amino acid content of a protein determines its biological value.
Proteins that contain all the indspensable amino acids in sufficient quanti-
ties have high biological value. High biological value proteins are from
animal sources, e.g. meat, eggs, milk, dairy products, and fish. If one or
more indispensable amino acids are not present in a protein it will have
low biological value. Generally plant proteins are of low biological value.
The indispensable amino acid that is in shortest supply is known as the
limiting amino acid. By combining foods with low biological value it is
possible to provide all indispensable amino acids in the diet; this is impor-
tant in vegan diets. For example, the limiting amino acid in wheat is lysine
and in pulses it is methionine. A diet combining wheat products such as
bread with pulses will provide all the indispensable amino acids, e.g. pitta
bread and dahl.

As already stated, protein is constantly being turned over; 3—4 g proteins
are turned over per kg of body weight per day. Each day 10-15 g of
nitrogen are excreted in urine (6.25 g protein is equivalent to 1 g nitro-
gen). Small amounts are lost in faeces and skin. When nitrogen (protein)
intake equals nitrogen excretion the body is said to be in nitrogen
balance. Healthy adults will be in positive nitrogen balance. Nitrogen
balance studies have been used to derive the recommended require-
ments that are shown in Table 5.2.

Deficiency

If energy intake is insufficient, protein will be degraded to produce
energy; ... protein deficiency can occur when the diet does not provide
enough protein or energy or a combination of both. Protein energy
malnutrition (PEM) is a major cause for concern in developing countries
but does occur in the UK amongst at risk groups. These include immuno-
compromised individuals (e.g. AIDS), anorexia, and cancer patients with
cachexia. Mild PEM is fairly common amongst surgical or elderly hospital
patients. Protein deficiency can also occur as the result of t losses in
renal disease, t catabolism in trauma, burns or sepsis, or malabsorption.
Protein deficiency results in muscle wasting, stunted growth, poor wound
healing, susceptibility to infection, oedema, and fatty liver.
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Table 5.1 Classification of amino acids

Indispensible/essential Indispensible (conditionally Dispensible (non-

amino acids essential) amino acids essential) amino acids
Leucine (Leu) Essential for children: Glutamic acid (Glu)
Isoleucine (lle) Tyrosine (Tyr) Alanine (Ala)
Valine (Val) Glycine (Gly) Aspartic acid (Asp)
Phenylalanine (Phe) Cysteine (Cys)
Threonine (Thr) Arginine (Arg)
Methionine (Met) Proline (Pro)
Tryptophan (Trp) Histidine (His)
Lysine (Lys) Glutamine

Other:

Serine (Ser)
Asparagine (Asn)

Table 5.2 Recommended nutrient intake of protein for all age groups
and average daily intakes of protein of adult men and women in UK*

Age Weight (kg) RNI (g/d)
Children (both sexes)

0-3 months 5.9 12.5
4-6 months 7.7 12.7
7-9 months 8.8 13.7
10-12 months 9.7 14.9
1-3 years 12.5 14.5
4-6 years 17.8 19.7
7-10 years 28.3 28.3
Males

11-14 years 43.0 421
15-18 years 64.5 55.2
19-50 years 74.0 55.5
50+ years 71.0 53.3
Females

11-14 years 43.8 41.2
15-18 years 55.5 454
19-50 years 60.0 45.0
50+ years 62.0 46.5
Additional RNI required for females

During pregnancy +6.0
Lactation: 0—6 months +11.0
Lactation: 6+ months +8.0
Adults Average daily intake UK (g/d)
Men 88.2

Women 63.7

* Source for RNIs, Department of Health (1991). Dietary reference values for food and nutrients
for the United Kingdom. HMSO, London; source for average daily intakes for adults, Henderson,
L., Gregory, J., and Irving, K. (2003). The National Diet and Nutrition Survey: adults aged 19 to
64 years. Vol 2. Energy, protein, carbohydrate, fat and alcohol intakes. HMSO, London.
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Sources of dietary protein

In the typical UK diet 60% of protein intake has high biological value. High
biological protein is supplied by meat and meat products, fish, eggs, and
milk and dairy products (Table 5.3). Plants such as cereals and pulses
supply proteins of low biological value.
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Table 5.3 Contribution of food sources to protein intake”

Food group % Daily intake
Meat and meat products 36
Chicken, turkey and dishes 12
Cereals and cereal products 23
Bread 12
Milk and milk products 16

* Source for food sources in adults, Henderson, L., Gregory , J., and Irving, K. (2003). The
National Diet and Nutrition Survey: adults aged 19 to 64 years. Vol 2. Energy, protein,
carbohydrate, fat and alcohol intakes. HMSO, London.
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Fats

Fats are often referred to as lipids. Lipids are described by chemists as
substances that are poorly soluble or insoluble in water but are soluble
in organic solvents. Fat is the term most often used when discussing
foods and lipids metabolism. Over 90% of dietary fats are triglycerides
(triacylglycerols); other types of fat include cholesterol, phospholipids,
sterols, and carotenoids.

Function

The functions of fat in the diet are:

o Energy source—fat provides 37 kJ (9 kcal) per gram.

Fat provides essential fatty acids.

Fat is a carrier for fat soluble vitamins A,D,E, and K.

t palatability by improving taste perception and appearance of food.
Some fats are important constituents of cell membranes and can be
converted to biologically active compounds such as steroid
hormones, interleukins, thromboxanes, and prostaglandins.
Cholesterol is converted to bile acids, which are important in
digestion.

Fatty acids

Fats consist of fatty acids that have carbon chains containing up to 22
carbon molecules in the chain. Triglycerides have glycerol backbone to
which are attached three fatty acids. The type of fatty acid attached to
the glycerol molecule determines its physical properties, nutritional
function, and physiological function. Hydrogen is added to fatty acids to
make them more solid when manufacturing some food products such as
vegetable spreads; this process is known as hydrogenation.

Fatty acids are carbon molecules with a methyl group at one end and a
carboxyl acid at the other (Fig. 5.3). They can have chains of 4-22 carbon
molecules although most have 16-18. Hydrogen atoms are attached to
the carbon chain; the number of hydrogen atoms determines the degree
of saturation (with hydrogen atoms) of the fatty acid. A fatty acid with
hydrogen atoms on every arm is said to be ‘saturated’. Unsaturated fatty
acids contain double carbon bonds where there is no hydrogen (Fig. 5.3).
If there is only one double bond the fatty acid is monounsaturated.
When more than one double bond is present the fatty acid will be poly-
unsaturated.
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Fatty acids have a common name, e.g. linoleic acid, a systematic name,
and a notational name. The systematic name reflects the number of
carbon atoms, and the number of double bonds, so that linoleic acid
becomes octadecadienoic acid. This represents 18 carbons (octadeca-)
and two double bonds (di-). The notational name for linoleic acid is 18:2
né or 18:2 omega 6; again this represents 18 carbon atoms and two
double is now also represented. The position is relative to the methyl (or
omega) end of the carbon chain. Linoleic acid has its first double bond
between the sixth and seventh carbons. Common names, systematic
names, and notational names are shown in Table 5.4.

Saturated fatty acids (SFA)

Saturated fatty acids contain carbon atoms linked by single bonds and
hydrogen on all available arms, They have a relatively high melting point
and tend to be solid at room temperature. SFA are obtained from animal
storage fats and their products, e.g. meat fat, lard, milk, butter, cheese,
and cream. Fats from plant origin tend to be unsaturated with the excep-
tion of coconut oil and palm oil. Some manufactured margarines and
spreads contain significant amounts of SFA. Plasma low-density lipopro-
tein (LDL) cholesterol, and ... plasma cholesterol, tends to be raised by
SFA. High intakes of SFA are associated with atherogenesis and cardio-
vascular disease.

Monounsaturated fatty acids (MUFA)

MUFA contain only one double bond and are usually liquid (oil) at room
temperature. Olive oil and rapeseed oil are the most concentrated die-
tary sources of MUFA. MUFA are present in many foods including meat
fat and lard. Dietary MUFA does not raise plasma cholesterol and lowers
LDL lipoprotein without a detrimental affect on high density lipoproteins
(HDL).

Polyunsaturated fatty acids (PUFA)

PUFA contain two or more double bonds and are liquid at room tem-
perature. They are easily oxidized in foods and in the body. PUFA
are involved in the metabolism of cholesterol, are components of phos-
pholipids in cell membranes, and are precursors of biologically active
compounds such as prostaglandins, interleukins, and thromboxanes.
Therefore they have a vital roles in the immune response, blood clotting,
and inflammation. PUFA are derived from the essential fatty acids linoleic
acid (n6 or w6) and a-linoleic acid (n3 or ®3) and are .. divided into
omega 3 (03) or omega 6 (06) groups of PUFA. EFA, EPA, and DHA are
important in neural development of the fetus and infant. PUFA occur
as cis or trans forms depending on the way the hydrogen atoms are
arranged. In cis formation the hydrogen atoms are bonded to either end
of the double bond on the same side. And in the trans form the hydro-
gen atoms are on opposite side (Fig. 5.3). Most naturally occurring fats
are in the cis form.

Omega (@) 3 PUFA
®3 PUFA (and parent essential fatty acid « -linoleic acid) are found in

fish and fish oils and their health benefits are being more fully explored.
The health benefits of * consumption of oily fish include improved
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cardiovascular risk factors. The Western diet contains a high ratio of
w6:03 PUFAs; a lower ratio (4:1) is recommended. Research studies
have shown benefits in cognitive function but epidemiological studies are

required.

Table 5.4 Nomenclature of fatty acids

Common name Notational  Systematic name
name
Saturated fatty acids
Butyric 4:0 Tetranoic
Caproic 6:0 Hexanoic
Caprylic 8:0 Octanoic
Capric 10:0 Decanoic
Lauric 12:0 Dodecanoic
Myristic 14:0 Tetradecanoic
Palmitic 16:0 Heaxdecanoic
Stearic 18:0 Octadecanoic
Arachidic 20:0 Eicosanoic
Behenic 22:0 Docosanic
Monounsaturated fatty acids
Palmitoleic 16:1n7 9 cis-hexadecenoic
Oleic 18:1n9 9 cis-octadecenoic
Elaidic 18:1n9 9 trans-octadecenoic
Eicosenoic 20:1n9 11 cis-eicosaenoic
Erucic 22:1n9 13 cis-docosaenoic
Polyunsaturated fatty acids
Linoleic 19:2n6 9,12 cis, cis-octadecadienoic
Alpha-linolenic 18:3n3 9,12,15 all cis-octadecatrienoic
Gamma-linolenic 18:3n6 5 trans, 9 cis, 12
cis-octadecatrienoic
Arachidonic 20:4n6 5,8,11,14 cis-eicosatetraenoic
EPA 20:5n3 Eicosapentaenoic
DHA 22:6n3 Docosahexaenoic
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Trans fatty acids

Trans fatty acids are rare in naturally occurring fats. Some is made in the
rumen of cows and sheep and is .. found in lamb, beef, milk, and cheese.
The most significant source of trans fatty acids in the diet is obtained
through the hydrogenation of PUFA to produce more solid forms of
vegetable oils for spreads, margarines, and some food products. Trans
fatty acids have been associated with adverse effects on lipoprotein
status by elevating LDL and depressing HDL although further research is
required.

Essential fatty acids (EFA)

Linoleic and a-linoleic acids are essential fatty acids. Other longer chain
fatty acids such as arachidonic, EPA, and DHA are physiologically impor-
tant but can be synthesized to a limited extent from linoleic and
a-linoleic acid. These longer chain fatty acids are not essential fatty acids
but their intake may become critical in fatty acid deficiency. EFA are most
commonly found in plant and fish oils. Deficiency of linoleic acid has been
demonstrated in children although a deficiency of a-linoleic acid has not
been seen in healthy people. This has - debate about the essentiality of
a-linoleic acid. Deficiency is characterized by a scaly dermatitis. The
recommended intake of linoleic acid is at least 11% of total energy and
0.2% for a-linoleic acid.

Sterols

Sterols are relatively simple molecules; the most common sterol is the
wax-like cholesterol. Cholesterol and cholesterol ester (cholesterol to
which a fatty acid is attached) are only found in animal foods. Phytos-
terols are found in plant foods. Cholesterol has structural roles in
lipoproteins and membranes and is a precursor for bile acids, steroid
hormones, and vitamin D. Dietary cholesterol has little influence on
plasma levels as most circulating cholesterol is endogenous. Reduction of
intake of saturated fat results in lower plasma cholesterol levels.

Lipid transport

Fat digestion and absorption are covered in Chapter 1, ‘Digestion’. Lipids
are not soluble in water and ... complex with apolipoproteins to form
water-miscible compounds. Approximately 2% of total plasma lipids are
free fatty acids and are transported compounds of albumin. The remain-
der of lipids is carried in the blood as lipoproteins. Lipoproteins are
identified by the apoliprotein that is present (apo A, apo B, apo C, apo D,
and apo E). There are five classes of lipoproteins which vary in density:

e Chylomicrons;

o Very low density lipoproteins (VLDL);

e Low density lipoproteins (LDL);

o High-density lipoproteins (HDL);

e Lipoprotein (a) (LP(a)).



cHAPTER 5 Nutrients

Table 5.5 Average intake for adults compared with DRVs for fat for
adults (as a percentage of daily food energy intake) in the UK*

DRYV (% of food
energy intake)

Average intake (% daily energy)

d Q

Total fat 35.8 34.9 35
Saturated fat 134 132 11
Monosaturated 121 11.5 13
fatty acids

Polyunsaturated 5.5 53 6.5
fatty acids

Trans fatty acids 1.2 12 <2
Cholesterol" 304 213 <245

* Source: Henderson, L., Gregory, J., and Irving, K. (2003), The National Diet and Nutrition
Survey; adults aged 19 to 64 years. Vol. 2, Energy protein, carbohydrate, fat and alcohol intakes.
HMSO, London.

T Cholesterol intake and DRV are expressed in mg/day.

Table 5.6 Sources of total fat and saturated fatty acids in the diet of
adults in the UK (NDNS) .

Food Total fat (%) Saturated fatty acids (%)
Meat, meat products, & meat 23 22

dishes

Cereal & cereal products 19 18

Milk & milk products 14 24

Fat spreads 12 1

* Source: Henderson, L., Gregory, J., and Irving, K. (2003). The National Diet and Nutrition
Survey: adults aged 19 to 64 years. Vol. 2, Energy protein, carbohydrate, fat and alcohol
intakes. HMSO, London.
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High and low levels of the lipoproteins have adverse effects on health.
High levels of LDL are associated with * health problems and LDL is
colloquially known as ‘bad cholesterol. HDL is colloquially known as
‘good cholesterol’.

Chylomicrons

Chylomicrons mainly consist of triglycerides as they transport dietary
lipids. Plasma levels rise after eating and are negligible in the fasting state.
Chylomicrons leave the enterocytes of the small intestine and enter the
lymphatic system before transferring to blood vessels. The triglycerides
are hydrolysed by lipoprotein lipase so releasing fatty acids that are used
for energy or stored in adipose tissue. The life cycle of a chylomicron is
15-20 minutes and the liver clears the remnant from the blood. Fat-
soluble vitamins reach the liver as part of the remnant.

Very low-density lipoproteins (VLDL)

VLDL are synthesized in the liver and are large particles that are rich in
triglycerides. They deliver fatty acids to adipose tissue, muscles, and heart
where lipoprotein lipase facilitates their release from triglycerides. The
enzyme in the heart has a high affinity for triglyceride and, when
triglyceride concentrations are low, they are preferentially released into
heart tissue. Following release of triglycerides the remaining remnants
are intermediate density lipoproteins (IDL), which are the precursors of
low density lipoproteins.

Low-density lipoproteins (LDL)

LDL contain mainly cholesterol and cholesterol ester as they are the end
product of VLDL metabolism. They carry approximately 70% of plasma
cholesterol and are taken up by the liver and other tissues by LDL receptors.
High-density lipoproteins (HDL)

The liver and intestine synthesize and secrete HDL. HDL is involved in
the reverse transport of cholesterol from tissues to the liver or transfers
it to other lipoproteins.

Lipoprotein (a)

This is a complex of LDL with apolipoproteins (a).
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Table 5.7 Dietary sources of cholesterol

Cholesterol content Food

High Liver, offal
Eggs, mayonnaise
Shellfish
Fish roe

Medium Meat fat

Full fat milk and dairy produce,

e.g. cream, cheese, butter

Meat and fish products

Manufactured meat products, e.g. pies

Low Skinless poultry
Skimmed milk and dairy products,
e.g. cottage cheese, low fat yoghurt

Cholesterol free Fruit (including avocados and olives)
and vegetables

Vegetable oils
Cereals, pasta
Rice

Egg white
Sugar

Table 5.8 Functions of plasma lipoproteins

Lipoprotein Function

Chylomicrons Transport dietary lipids to peripheral tissues
and liver

VLDL Transports lipids from liver to peripheral
tissues

LDL Transports cholesterol to peripheral tissues
and liver

HDL Removes cholesterol from peripheral tissues
to the liver

Albumin Transports free fatty acids from adipose

tissue to peripheral tissues
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Carbohydrate

Carbohydrates are the most significant source of energy in the diet (see
‘Energy balance’, this chapter). In developing countries up to 85% of
energy in the diet is provided by carbohydrate; this figure is as low as
40% in some developed countries. The relationship between dietary
carbohydrates and fat is usually reciprocal. Diets rich in fat will have low
levels of carbohydrates and vice versa.

Structure and classification

The empirical formula for carbohydrates is C,(H,O), ; glucose is the
simplest carbohydrate (C¢H,O4 or C4(H,O)e) (Fig. 5.4). Simple carbohy-
drates (monosaccharides) can combine to form disaccharides, e.g.
sucrose (C1;Hy»,O11) from two disaccharides, oligosaccharides, e.g. raffi-
nose which is formed from 3—-11 monosaccharides, or polysaccharides,
which form from 12 or more saccharides, e.g. starches.

Carbohydrates that can be digested and absorbed in the small intes-
tines and —» 1 in blood glucose levels are referred to as glycaemic carbo-
hydrates (Table 5.9). Plant polysaccharides that cannot be digested
(non-glycaemic) are referred to as fibre or non-starch polysaccharides.
Sugar alcohols are also classified as carbohydrates although their empiri-
cal formula is slightly different.

Sugars (mono-and disaccharides)

Monosaccharides include glucose, fructose, and galactose. The monsac-
charide free glucose is found in small amounts in fruit and vegetables
but is not abundant in natural foods. It is made from starch and used
commercially. Fructose is found in honey, fruit, and vegetables and
is manufactured from fructose-rich corn syrup for the food industry.
Sucrose is the commonest disaccharide and is extracted from sugar beet
or sugar cane. Table sugar is 99% sucrose and the major dietary source of
disaccharide. Sucrose is hydrolysed into glucose and fructose. Lactose is
found in milk and milk products. It is hydrolysed to glucose and galactose.
Maltose is present in malted wheat and barley. Malt extract is used in
brewing and in malted products.

Oligosaccharides

Raffinose, stachyose, and verbascose are oligosaccharides that are made
of galactose, glucose, and fructose. They are found in legumes and seeds.
Humans do not have the enzyme needed to digest them but they may be
fermented in the colon. Fructo-oligosaccharides and inulin have been
shown to stimulate growth of the potentially beneficial bifidobacteria in
the colon.
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Table 5.9 Classification of carbohydrates in the diet (FAO/WHO 1998)*

Glycaemic

Non-glycaemic

Monosaccharides
Glucose

Fructose
Galactose

Oligosaccharides

Raffinose, stachyose, verbascose
Human milk oligosaccharides
Fructo-oligosaccharides

Inulin

Disaccharides
Sucrose
Lactose
Maltose
Trehalose

Polysaccharides

Starch—amylopectin, amylase,
modified food starches

Non-starch polysaccharides
Cellulose (insoluble)
Hemicellulose (soluble and insoluble

forms)
B-glucans (mainly soluble)

Fructans, e.g. inulin (not assayed by
current methods)

Gums (soluble)
Mucilages (soluble)
Algal polysaccharides (soluble)

Sugar alcohols
Sorbitol
Xylitol
Mannitol

* WHO/FAO (1998). Carbohydrates in human nutrition, FAO food and nutrition paper no.66.
FAO, Rome.
Sugar alcohols are only partially absorbed.

CH,0H CH,0H

o H
\ N
H oM /C/H onc{
OH H HO“\L_L/ ch,oH
OH H A
" oH OH H
Glucose Fructose
CH,OH
HA O H O H
OH H H OH
o CH,OH
H OH OH H
Sucrose

Fig. 5.4 Carbohydrate molecules.
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Sugar alcohols

Sorbitol, inositol, and mannitol are sugar alcohols that are only partially
absorbed and .. provide less energy than the corresponding sugars.
Therefore they have been used as sugar substitutes. Small amounts occur
naturally but significant amounts in the diet come only from manufac-
tured foods. Large amounts can cause an osmotic diarrhoea.

Starch

Starch is the main storage polysaccharide in plant cells and is found in
large quantities in cereal grains, potatoes, and plantains. Starch is the
largest source of carbohydrate in the diet. Starch consists of two glucose
polysaccharides: amylase and amylopectin. The linkages between the
glucose molecules are degraded by the action of a-amylase. Many factors
affect the rate at which the linkages are degraded so that some starches
are readily digested while others pass undigested into the colon. This has
resulted in the classification of starches (Table 5.10) into rapidly digestible
starch (RDS), slowly digestible starch (SDS), and resistant starch (RS).
Both RDS and SDS are digested in the small intestine while RS passes
undigested into the colon where it is available for fermentation.

Non-starch polysaccharide (NSP)—Fibre

In the UK, NSP is the term used in preference to fibre. Dietary fibre is
defined as NSP that does not include lignin or resistant starch; the terms
are ambiguous. Fibre can be classified as soluble (in water at pH 7.0) or
insoluble and it is this classification that categorizes the function of these
polysaccharides. Insoluble fibre consists mainly of cellulose and some
hemicelluloses. Insoluble fibre binds to water in the colon and swells.
This stimulates peristalsis so 1 transit time in the colon thereby reducing
the risk of constipation and possibly reducing the risk of colon cancer.
Soluble fibre blunts the response of blood glucose to ingestion. The
reabsorption of bile acids is slowed by soluble fibre so t cholesterol
losses in faeces and reducing blood cholesterol levels. Table 5.11 lists
sources of soluble and insoluble fibre in the diet.

Intrinsic sugars
These are sugars that are present in intact cells, e.g. fructose in whole
fruit and sugars in milk, i.e. lactose and galactose.

Non-milk extrinsic sugars (NMES)

Sugars that are in a free or readily absorbable state, e.g. added sugars
(usually sucrose), or released from disrupted cells, e.g. fructose in fruit
puree or juice. NMES contribute to the development of dental caries.
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Table 5.10 Classification of starch

Class Glycaemic response Food source

Rapidly digestible starch  Large Cooked starchy cereals,
warm potatoes

Slowly digestible starch ~ Small Muesli, oats, pasta,
legumes

Resistant starch None Unripe bananas, whole

grains

Table 5.11 Dietary sources of soluble and in-
soluble fibre in the diet

Soluble fibre Insoluble fibre

Apples Beans

Barley Brown rice

Citrus fruits Fruits with edible seeds
Guar gum Lentils

Legumes Maize

Oats Oats

Pears Pulses

Strawberries Wheat bran

Wholemeal breads
Wholemeal cereals
Wholemeal pasta
Whole wheat flour
Peas

Table 5.12 Daily carbohydrate and NMES intake of adults (NDNS)*

Men Women

Total carbohydrate (g/d) 275 203
% total energy 47.7 48.5
NMES (g/d) 79 51

% total energy 13.6 119
DRV (% total energy) 10.0 10.0
NSP (g/d) 15.2 126
DRV (g/d) 18.0 18.0

* Henderson, L., Gregory, J., and Irving, K. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 2, Energy, protein, carbohydrate, fat and alcohol intakes. HMSO,

London.
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Recommended intakes

Sugar and starch The COMA report recommended that the intake
of intrinsic or milk sugars should not be limited in adults. They recom-
mended that infant formulas should contain approximately 40 % energy
from sugars; this is similar to the sugar content of breast milk. It is
recommended that the average intake of NMES should not exceed 60
g/d or 10% daily energy.

Starches, intrinsic sugars, and milk sugars should provide the balance of
dietary energy not provided by alcohol, protein fat, and NMES, which is
on average 37% in UK.

NSP It is recommended that the adult diet contain 18 g NSP/d (12-24 g/d).

Glycaemic index (GI)

The glycaemic index is a method of ranking foods and carbohydrates
based on their immediate effect on blood glucose levels. The
FAO/WHO (1998)" define the Gl as ‘the incremental area’ under the
blood glucose response curve of one 50 g carbohydrate portion of a
test food expressed as a percentage of response to the same amount
of carbohydrate from a standard food taken by the same subject.” The
standard carbohydrate is glucose that has a Gl of 100. Foods with a
high glycaemic index are readily absorbed and raised blood glucose
quickly. Low glycaemic index foods are digested and absorbed slowly
and raise blood glucose levels slowly. The Gl can only be determined
by in vivo measurement. Foods are categorized into:

e low Gl, 55 or less;
e medium G, 56—69;
e high G, 70 or more.

' WHO/FAO (1998). Carbohydrates in human nutrition, FAO food and nutrition paper no.66.
FAO, Rome



cHAPTER 5 Nutrients 79

Table 5.13 Sources of carbohydrate in the diet (NDNS)*

Food group % Daily intake
Cereals & cereal products 45
Bread 21
Potatoes & savoury snacks 12
Drinks 10

* Henderson, L., Gregory, ], and Irving, K. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 2, Energy, protein, carbohydrate, fat and alcohol intakes.
HMSO, London.

Table 5.14 Sources of NMES in the diet (NDNS)*

Food group % Intake
Drinks 37
Carbonated soft drinks 12
Sugar, preserves, & confectionery 32
Table sugar 19
Cereals & cereal products 19

* Henderson, L., Gregory, J., and Irving, K. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 2, Energy, protein, carbohydrate, fat and alcohol intakes. HMSO,
London

Table 5.15 Sources of NSP in the diet (NDNS)*

Food group Selected food % intake

Cereals & cereal products 42
Breakfast cereals 11

Vegetables (excluding 20

potatoes)

Potatoes & savoury snacks 16

Fruit & nuts 10

* Henderson, L., Gregory, ], and Irving, K. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 2, Energy, protein, carbohydrate, fat and alcohol intakes. HMSO,
London.
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Table 5.16 lists examples of Gl of these categories. A list of foods that
have been tested has been published by Foster-Powell et al. (2002). The
way a food is processed, prepared, and cooked will affect the Gl of the
food. The overall Gl of the diet is important rather than aiming to introduce
a few low Gl foods. The health benefits of a low Gl diet include:

o improved diabetic glucose control (see Chapter 18);

e improved risk factors for heart disease (see Chapter 19);

o weight reduction (see Chapter 17);

o there is some evidence to suggest ¥ risk of colon and breast cancers.

Glycaemic load (GL)
GL extends the concept of Gl by considering the Gl and the amount of a

carbohydrate have on postprandial blood glucose levels.
(GL = Carbohydrate in food portion (g) x Gl) / 100

Blood glucose levels rise more rapidly after a high GL meal than a low
GL meal. It is recommended that a healthy diet should have a low Gl and
alow GL.

? Foster-Powell, K. Holt, SH.A, and Brand-Miller, J.C. (2002). International table of glycaemic
index and glycaemic load: 2002. Am. J. Clin. Nutr. 76, 5-56.
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Table 5.16 Examples of low, medium, and high Gl foods

Low GI Medium GI High GI

Apples, oranges, Honey Glucose

pears, peaches Jam White and wholemeal
Beans and lentils Shredded Wheat bread

Pasta (all types made Weetabix Brown rice, cooked
from durum wheat) [ — White rice, cooked

Sweet potato, peeled
and boiled

Sweet corn
Porridge
Custard
Noodles

All Bran, Special K,
Sultana Bran

New potatoes, peeled
and boiled white basmati
rice, cooked

Pitta bread
Couscous

Cornflakes
Baked potato
Mashed potato
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Energy balance

In order to maintain body weight, energy intake must equal energy
expenditure. If energy expenditure exceeds energy intake body weight
will be lost. Weight loss is achieved by * energy expenditure or ¢ energy
intake. To gain weight the equation is reversed.

The SI unit of energy is the joule (J); the joule is a small amount of
energy. Energy in food is usually expressed as kilojoules (k]) and energy
expenditure is expressed as k| or megajoules (M)). In practice many
people continue to express energy in kilocalories (kcal). A calorie can be
defined in several ways although the most frequently used definition is:

e The energy required to raise the temperature of 1 g of water from
14.5°C to 15.5°C.

Energy expenditure can be expressed per unit of time, e.g. k] per minute

or MJ/d or in Watts (W).

Units used in energy balance

1000 joules = 1k]

1000 kJ = 1M)

1 keal = 4.184 kJ*

1 k] = 0.239 kcal

1 W =1 joule per second
0.06 W = 1 kJ per min
86.4 W = k| per 24 h

* The Royal Society (London) recommended conversion factor.

Energy expenditure

Total energy expenditure (TEE) has the following components:

e basal metabolic rate (BMR), 50-75%;

e physical activity (PA), 20-40%;

e dietary induced thermogenesis (DIT), 10%.

Growth, pregnancy, lactation, injury, and fever are energy-requiring
processes that will T energy expenditure and - t energy intake.

Basal metabolic rate (BMR)
BMR is the amount of energy expended by the body to maintain normal
physiological functions. It remains constant throughout the day, under
normal conditions, and constitutes 50-75% of total energy expenditure
(TEE); it is the largest component of TEE.
BMR is affected by many factors:
e Body weight. BMR * or 4 with * or ¢ body weight;
o Body composition. Fat mass is relatively metabolically inactive and
expends less energy gram for gram than fat free mass (FFM). Men
have a higher FFM to fat ratio than women and ... have a higher BMR
than women of the same age and weight;
e Age. Children have a higher BMR per kilogram than adults due to the
energy requirement of growth. As adults age metabolism slows and
FFM ¢ - ¥ BMR;
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o Gender. Men generally have a higher BMR due to differences in body
weight and body composition. The BMR of a 65 kg man will be
approximately 1M)/d higher than a weight-and age-matched woman;

o Genetic factors. BMR can vary by up to 10% between subjects of the

same age, seX, and body weight. Recent research has shown that

there are ethnic differences in BMR;

Physiological changes. BMR t during pregnancy and lactation;

Disease and trauma. Fever, sepsis, infection, surgical and physical

trauma * BMR;

Nutritional status. The body adapts to changes in energy intake by

altering body weight and/or body composition. An individual who

is consuming more calories than is required will * weight and t

BMR so making further weight impossible unless intake * further;

o Environment. The energy cost of maintaining body temperature is
influenced by ambient temperature, wind speed, radiant temperature
of the surrounding, and clothing;

o Hormonal status. Several hormonal factors influence BMR especially
thyroid function. BMR is * in hyperthyroidism and 4 in hypothyroidism.
There are small cyclical changes during the menstrual cycle
of some women with a rise after ovulation;

o Pharmacological effects. Therapeutic drugs and substances such as

caffeine and capsaicin can modulate BMR;

Psychological effects. Anxiety will T energy expenditure in the short

term. Longer term effects of stress and anxiety have not been

established.

Measurement of BMR

® BMR must be measured under standard conditions.

o Post-absorptive state—at least 12 hours after last food or drink. This
should also include other stimulants such as caffeine or smoking.

e Thermoneutral environment—20-25°C; comfortably warm.

e Supine—sitting up will t energy expenditure slightly.

e Awake but in a state of complete physical and mental relaxation.

o Heavy physical activity on the day before the measurement may
influence the BMR and should be avoided.

In practice BMR is usually measured first thing in the morning before
eating and drinking or undertaking physical activity. If any of the condi-
tions are not met the measurement is termed resting metabolic rate
(RMR). RMR is slightly higher than BMR while sleeping metabolic rate is
5-10% lower than BMR.

Measurements of energy expenditure

Energy expenditure can be measured directly (the measurement of heat
production), indirectly (the measurement of O, consumption), or by
non-calorimetric methods, e.g. heart rate monitoring. More recently
methods have been developed that are indirect measures of gaseous
exchange (O, consumption), i.e. doubly labelled water technique.

Direct calorimetry
Direct calorimetry is the measurement of heat produced by the body.
Subjects are placed in an insulated chamber and heat loss is measured
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over a period of at least 24 h. Direct calorimetry is difficult in practice as
the chamber must be capable of detecting all heat generated within the
chamber and other sources of heat must be eliminated or accounted for.
Direct calorimeters are very precise instruments but are expensive and
difficult to build and maintain and few are available; ... this method is not
frequently used.

Indirect calorimetry

Indirect calorimetry is based on the principle that food is oxidized in the
body to produce energy and that by measuring oxygen consumption it is
possible to calculate energy expenditure. The following equation demon-
strates the amount of energy produced by the oxidation of 1 mole of
glucose:

CHnOs + 60, > 6CO, + 6H,O + heat
(180°g) (6x22410)  (6x2231) (6x18g) (278 M))

The energy produced by the oxidation of 1 g glucose is .. 15.4 k| (2780/
180) and 1 litre of oxygen is equivalent to the production of 20.7 k| (2780/
6 x 22.4). Therefore if the amount of oxygen used is known, it is possible
to calculate the amount of energy or heat produced. Similar calculations
can be made for protein, fat, and alcohol.

Respiratory quotient (RQ) is the ratio of oxygen used to the amount
of carbon dioxide produced. From the RQ it is possible to estimate the
macronutrient composition of the diet (see Table 5.17). The energy
content of a mixed diet is approximately 35% fat, 50% carbohydrate, and
. has an RQ of 0.87. To improve the accuracy of the calculations an
estimate of nitrogen excretion is used. Substitution into a formula yields
energy expenditure (EE). The formulae most frequently used are those of
Weir (1949)", or Elia and Livesey (1992).

" Weir, J.B. De V. (1949). New methods for calculating metabolic rate with special reference to
protein metabolism. J. Physiol. (Lond.) 109, 1-9.

2 Elia, M. and Livesey, G. (1992). Energy expenditure and fuel selections in biological systems: the
theory and practice of calculations based on indirect calorimetry and tracer methods. In Metabolic
control of eating, energy expenditure and the bioenergetics of obesity (ed. A.P. Simonopoulos), pp.
68-131. Karger, Basel.



cHAPTER 5 Nutrients

Weir formula

EE (KJ) = 16.489 VO, (1) + 4.828 VCO, (1) — 9.079 N (g)

If nitrogen cannot be measured protein is assumed to be 15% of the
energy of the diet and the formula becomes:

EE (K)) = 16.318 VO, (I) + 4.602 VCO, (1)
Elia and Livesey formula
EE (kcal/24 h) = ((15.913 VO, (l) + 5.207 VCO, (1)) x 1.44—4.464
N (g)) x 0.239

where VO, = O, consumed, VCO, = CO, produced, and N = urinary
nitrogen excretion

Table 5.17 Energy values for oxidation of nutrients*

Nutrient O, CO; RQ Energy Energy
consumption pro?uction released  released
(Vg) (Vg) (K/g) (N Oy)
Starch 0.829 0.832 0.994 17.49 21.10
Glucose 0.746 0.742 0.995 15.44 20.70
Fat 1.975 1.402 0.710 39.12 19.81
Protein 0.962 0.775 0.806 18.52 19.25
Alcohol 1.429 0.966 0.663 29.75 20.40

* Reproduced from Human Nutrition and Dietetics, Garrow JS, James WPT and Ralph A,
table 17.1, P 135. With permission from Elsevier.
fCO2 is not an ideal gas.6l mole at STP occupies 22.26 | not 22.4 .
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Indirect calorimetry equipment

Various apparatus is available to measure oxygen consumption. The
simplest method is the Douglas bag where expired air is collected into a
strong non-permeable bag. The volume of expired air over a set period is
measured using a dry gas meter and the expired gases are analysed and
compared to the ambient air. From this it is possible to calculate O,
consumption and CO, production rates and .. calculate energy expendi-
ture. In clinical situations, a ventilated hood, canopy, or tent, e.g. Delta-
trac, Gem, Sensormedics, is used which measures gaseous exchange
continuously and has a processor to calculate energy expenditure. Other
systems are available that can be used during exercise. Respiration cham-
bers are used by some research units; these are small chambers in which
a subject stays for several hours or days and gaseous exchange is measured
continuously. These chambers are expensive to build and use but give
precise measurements.

Non-calorimetric methods

o Heart rate is related to energy expenditure and this relationship
has been used to estimate energy expenditure although the results
are not very reliable, particularly at low activity levels.

o Accelerometers are often used to measure physical activity; they are
small computer motion analysers that measure duration, frequency,
and intensity of physical activity. They are used in conjunction with
log books that enable the full analysis of activities.

Doubly labelled water

Data is collected on free-living subjects over a period of 10-20 days. It
does not require extensive equipment for the collection of gases and .-
does not restrict the subject. Subjects are given an oral dose of water that
has known amounts of the stable isotopes deuterium ( H) and "®O. These
isotopes mix with the body’s water and, as energy is used, CO, and H,O
are produced. As "0 is in both H,O and CO, it is lost more rapidly than
H whlch is only lost in H,O. The difference between the rate of loss of H
and O reflects the rate at which CO, is produced. From this it is possible
to calculate energy expenditure. This method requires collection of body
fluid, either blood, urine, or saliva, before the test period and samples at
specified times during the study. It is possible to use this method in babies,
hospital patients, field work, and other groups in whom it is difficult to
measure energy expenditure by other methods. Specialist equipment is
required for the analysis of blood and urine samples and, due to a world
shortage of "0, this method is expensive.

Estimation of energy requirements

Energy requirements are estimated by using prediction equations such
as the Schofield equations (1985), see Appendix 14. Table 5.18 shows
the Schofield equations with additional data on men aged 60-70 y (DH
1991). Regression analysis of measured BMR against gender, age, and
weight was used to generate the equations that estimate BMR. Numer-
ous equations are available; ideally they should be population. specific. They
are developed for use in healthy groups; in individuals the accuracy
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may be * 10-20%. If equations are extended for use in illness the
accuracy may be reduced by 50%.

TEE is calculated by using a physical activity level (PAL) that has been
derived from experimental studies, often using doubly labelled water; this
is known as the factorial method.

For example, a sedentary male worker, aged 40 y, weight 90 kg, with an
inactive lifestyle would have PAL of 1.4 (Table 5.19); .. his TEE would be

BMR from prediction equations (7.973 M) x 1.4 = 11.16 M|.

If an activity diary has been kept it is possible to calculate TEE more
accurately by partitioning time during the day spent on specific activities
and using physical activity ratios (PAR; see Appendix 6) it is possible to
calculate a directly related PAL value for the day.

TEE = BMR x [(PAR x time for activity A) +
(PAR x time for activity B) + ........ ]

Table 5.18 Formulae for the estimation of BMR*

Age (y) BMR prediction equation (M)/d)'
Men 10-17 0,074 () + 2754
18-29 0.063 () + 2.89
30-59 0,048 (W) + 3.653
60-74 0.0499 (w) + 2.930
75 + 0,035 (w) + 3.434
Women 10-17 0.056 (w) + 3.434
18-29 0,062 () +2.036
30-59 0.034 (w) + 3.538
60-74 0.0386 (w) + 2.875
75+ 0.041 (w) + 2.610

* Equations based on Schofield, W.N. (1985). Predicting basal metabolic rate, new standards
and review of previous work. Hum. Nutr. Clin. Nutr. 39C (Suppl. |), 5-41. Additional data on
men aged 60-70 y from Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London.

fw, Weight in kg.

Table 5.19 Calculated PAL values for light, moderate, and heavy
activity (occupational and non-occupational)*®

Non-occupational Occupational activity level
activity level Light Moderate Heavy

M F M F M F
Sedentary 14 14 1.6 1.5 17 1.5
Moderately active 1.5 1.5 1.7 1.6 1.8 1.6
Very active 1.6 1.6 1.8 1.7 1.9 1.7

* Department of Health (1991). Dietary reference values for food and nutrients for the United
Kingdom. HMSO, London.
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Energy intake

Energy is provided by the macronutrients and alcohol.

e Protein, 4 keal (17 kj)/g.

o Carbohydrate, 3.75 keal (16 k))/g.

o Fat, 9 keal (37 kj)/g.

o Alcohol, 7 keal (29 kj)/g.

Polyols (e.g. sorbitol) and volatile fatty acids (produced by gut bacteria by
fermentation of some fibre components) contribute small, negligible
amounts of energy.

Energy requirements

The DH recommendations are shown in Table 5.20 for babies and chil-
dren to 10 years. These are given as estimated average requirements
(EAR). EARSs for men and women are grouped for age, weight, and activity
level as shown in Table 5.21.

Energy consumption

The average daily energy intakes for adults in UK are 9.72 MJ (2313 kcal)
for men and 6.87 MJ (1632 kcal) for women; this is 93% and 85% of EARs
for men and women respectively (NDNS). The sources of energy are
shown in Fig. 5.5.

@ In the UK adults are not energy deficient, as demonstrated by the
rising prevalence of obesity. The low percentages of EARs may be due to
underreporting and reflect the widely held belief that EARs need revision.
The level of physical activity is also important.

Table 5.20 Estimated average requirements (EARs) for energy
of children 018 years”

Age EAR M)/d (kcal/d)
Boys Girls

0-3 months 2.28 (545) 216 (515)
4-6 months 2.89 (690) 2.69 (645)
7-9 months 3.44 (825) 3.20 (765)
10-12 months 3.85 (920) 3.61 (865)
1-3 years 5.15 (1 230) 4.86 (1 165)
4-6 years 7.16 (1715) 6.46 (1 545)
7-10 years 8.24 (1 970) 7.28 (1.740)
11-14 years 9.27 (2 220) 7.72 (1 845)
15-18 years 11.51 (2 775) 8.83 (2 110)

# Source for RNIs, Department of Health (1991). Dietary reference values for food and nutrients
for the United Kingdom. HMSO, London; source for average daily intakes for adults, Henderson,
L., Gregory, J., and Irving, K. (2003). The National Diet and Nutrition Survey: adults aged 19 to
64 years. Vol 2. Energy, protein, carbohydrate, fat and alcohol intakes. HMSO, London..
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Table 5.21 Estimated average requirements (MJ/d) according to body
weight and physical activity level (PAL)T

Body weight BMR* PAL

(kg) (M)/d) 1.4 15 1.6 1.8 2.0
Males

30 497 7.0 75 8.0 9.0 9.9
35 534 75 8.0 8.6 9.6 10.7
40 571 8.0 8.6 9.1 103 11.4
45 6.08 85 9.1 9.7 11.0 122
50 6.45 9.0 9.7 103 116 129
55 6.82 9.6 102 109 123 136
60 7.19 10.1 10.8 15 129 14.4
65 7.56 106 113 121 136 15.1
Females

30 458 64 69 73 82 92
35 486 6.8 73 7.8 87 9.7
40 514 72 77 82 9.2 10.3
45 542 76 8.1 87 9.8 10.8
50 5.70 8.0 8.5 9.1 10.3 11.4
55 598 8.4 9.0 9.6 10.8 120
60 6.26 8.8 9.4 100 113 125

* BMR, Basal metabolic rate calculated as per Table 5.18.

 Henderson, L., Gregory, J., and Irving, K. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 2, Energy, protein, carbohydrate, fat and alcohol intakes. HMSO,
London.

Fruit & nuts [
Eggs & egg dishes [mmm
Other drinks (inc. fruit juice) [
Fish & fish dishes [T
Vegetables ( exc. potatoes) [HImm
Fat spreads [
Sugar, preserves, & confectionery [
Alcoholic drinks  [E—
Potatoes & savoury snacks [IEI———
I
e ——

Food type

Milk & milk products
Meat & meat products

Cereals & cereal products 1

0 5 10 15 20 25 30 35

% of average daily energy intake

Fig. 5.5 Percentage contribution of food types

to average daily total energy intake of UK adults. Henderson, L., Gregory, J., and
Irving, K. (2003). The National Diet and Nurtrition Survey: adults aged 19 to 64 years.
Vol.2, Energy protein, and carbohydrate, fat and alcohol intakes. HMSO. London.
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VYitamins: introduction

Vitamins are a group of organic compounds that have a variety of func-
tions in the body and that are chemically different from each other. To
show that a compound is a vitamin it is necessary to show a deficiency in
experimental subjects and that this can be reversed by restoring the
missing compound. The name ‘vitamin’ is derived from ‘vital amine’; as
the name suggests these essential compounds were initially thought to be
amines. Vitamins can be divided into fat-soluble and water-soluble
groups; vitamins A, E, D, and K are fat-soluble and may be stored in the
body, the remainder being water-soluble and the body has limited or no
stores.
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Vitamin A (retinol) and carotenoids

Vitamin A is the term for the biologically active compound retinol and its
provitamin (precursor) carotenoids. The most common provitamin A
carotenoids are [3-carotene, a-carotene, y-carotene, and (3-cryptoxanthin.
Only 50 of approximately 600 naturally occurring carotenoids are con-
verted into vitamin A. Carotenoids with no vitamin A activity include
zeaxanthin, the pigment in sweet corn, and lycopene, the red pigment in
tomatoes. The vitamin A activity of B-carotene is calculated as 6 pg being
equivalent to 1 pg of retinol. Other carotenoids are considered to have
less activity; 12 pg is considered to be equivalent to 1 pg of retinol.

Function

e Vitamin A is essential for the production of rhodopsin in the rods
of the retina. Exposure to light results in a series of changes in the
configuration of rhodopsin, which leads to the adaptation of vision
in the dark.

o Growth.

o Cell differentiation.

o Embryogenesis.

e Immune response.

Measurement

Biochemical assessment of vitamin A is controversial. The measurement
of retinol concentration in serum or plasma is a useful and common
measure of vitamin A status. Deficiency is indicated by values below 10 pg/dl
(0.3 pmol/l) and values below 20 pg/dl (0.7 pmol/l) are marginal.
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Deficiency

o Deficiency of vitamin A is rare in the UK but is common in Latin
America, Africa, and Asia especially amongst children.

o Eye changes—night blindness presents when vitamin A status is

marginal and, with prolonged or severe deficiency, changes to the

cornea and conjunctiva occur. These eye changes are known

collectively as xerophthalmia; these changes consist of conjunctival

xerosis, Bitot’s spots, corneal xerosis, corneal ulceration, and

corneal scars

Epithelial tissues-skin keratinization occurs in vitamin A deficiency.

Horny plugs block the sebaceous glands leading to follicular

hyperkeratosis.

o Immunity—vitamin A deficiency results in * susceptibility to infectious

diseases such as diarrhoea and respiratory infections.

A deficiency of vitamin A can contribute to nutritional deficiency

anaemia.
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Requirement and intake (Table 5.22-5.24)

Fat is necessary for the absorption of vitamin A; as retinol is found in foods
of animal origin some fat is usually consumed at the same time. Vitamin A
absorption is impaired by mineral oils, neomycin, cholestyramine, and
commercial fat replacers, e.g. olestra. A low vitamin A intake is associated
with lower socio-economic class and low consumption of cereals, milk,
eggs, and vegetables.

Toxicity

The early reports of vitamin A toxicity are from polar explorers who ate
the polar bears’ livers, which are particularly rich in vitamin A. Acute
toxicity occurs when more than 200 mg (0.7 mmol) is consumed by
adults or more than 100 mg in children. The acute symptoms of vitamin
A toxicity include vomiting, abdominal pain, anorexia, blurred vision,
headache, and irritability. Chronic toxicity can occur when 10 mg is con-
sumed over periods of a month or more. Symptoms include headache,
muscle and bone pain, ataxia, skin disorders, alopecia, liver toxicity, and
hyperlipidaemia. Not all the chronic symptoms are reversible. Vitamin A
is teratogenic and pregnancy intakes should not exceed 3 mg/d. There is
no risk of toxicity from carotenoids in foods although large intakes can —
yellow discoloration of the skin.

@ Vitamin A supplements should not be taken during pregnancy (see
Chapter 2).
Liver is not recommended during pregnancy.
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Table 5.22 Reference nutrient intakes (RNI) for all ages and average
daily intakes for adult men and women for vitamin A provided by food
(pg retinol equivalent/d)*

Age (years) RNI
0-1 350
1-3 400
4-10 500

11-14 600

Males 15+ 700

Females 15+ 600

Pregnancy +100

Lactation +350

Average daily intake UK

Men 911
Women 671

* Source for RNIs, Department of Health (1991). Dietary reference values for food and nutrients for
the United Kingdom. HMSO, London; source for average daily intakes for adults, Henderson, L.,
Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults aged 19 to 64 years.
Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.23 Contribution of foods to vitamin A intake*

Food group % Daily intake
Meat & meat products 28
Liver & liver products 21
Vegetables 27
Cooked carrots 12
Milk & milk products 14
Fat spreads 10

* source for average daily intakes for adults, Henderson, L., Irving, K., and Gregory, . (2003).
The National Diet and Nutrition Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral
intake and urinary analytes. HMSO, London.

Table 5.24 Good food sources of vitamin A

Most concentrated sources of retinol in the diet
Liver and liver products

Kidney and offal

QOily fish and fish liver oils

Eggs

Most concentrated sources of 3 carotene in the diet
Carrots

Red peppers

Spinach

Broccoli

Tomatoes
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Vitamin E

Eight naturally occurring forms of vitamin E are synthesized in plants: four
tocopherols (alpha, a-, beta, 3-; delta, 8-; and gamma, <y-) and four
tocotrienols (a, B, 8, and ). o tocopherol has the highest biological
activity and is used as the standard against which the activity of other
forms is measured. Synthetic vitamin E is a mixture of isomers and has
biological activities ranging from 20% to 80% .

Function

o Antioxidant. Vitamin E is a powerful antioxidant and protects cell
membranes and lipoproteins from damage by free radicals.

e Maintenance of cell membrane integrity.

e Regulation of prostaglandin synthesis.

o DNA synthesis.

Measurement Plasma concentration is the simplest measure and a
direct indicator of status. Acceptable levels of intake are indicated by
values of 5-20 pg/ml in adults and children aged 12 years and over, and
3—15 pg/ml for younger children.

Deficiency

Experimental, symptomatic vitamin E deficiency has not been induced in
humans. Evidence for the essentiality of vitamin E in humans is provided by
a genetically inherited disease familial isolated vitamin E (FIVE) deficiency.
Sufferers develop reduced tendon reflexes by 3 to 4 years of age. By early
adolescence they display symptoms of the nervous system including loss of
touch and pain sensation, unsteady gait, loss of coordination, and impaired
eye movement. In conditions which — chronic or severe fat malabsorp-
tion, cystic fibrosis, cholestatic liver disease, and abetalipoproteinaemia,
similar symptoms may develop (especially in children) that can be cor-
rected by vitamin E supplementation (5-25 1U/d).

Requirement and intake (Tables 5.25-5.27) Vitamin E requireme-
nts are influenced by the amount of polyunsaturated fatty acids (PUFA); it
is estimated 0.4 mg a-tocopherol is required per gram dietary intake of
PUFA. The average adult diet in the UK contains 7% energy from PUFA
which would mean a vitamin E requirement of 6 mg for women and 8 mg
for men. Milk formulas should not be <0.3 mg a-tocopherol equiva-
lents/100 ml reconstituted feed and not <0.4 a-tocopherol equivalents/g
PUFA.

Toxicity Vitamin E has low toxicity but at very high doses it acts as
an antagonist to vitamins A, D, and K. Symptoms of toxicity include
headache, nausea, muscle weakness, double vision, and creatinuria, and
gastrointestinal disturbances have been reported at intakes greater than
900 mg per kg of the diet.
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Table 5.25 Average daily intakes of vitamin E (mg) for adult men
and women provided by food (a-tocopherol equivalents)*

Average daily intake UK

Men 10.6
Women 8.1

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition
Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary
anallytes. HMSO, London.

Table 5.26 Contribution of foods to vitamin E intake*

Food % Daily intake
Fat spreads 18
PUFA reduced fat spread 8
Cereals & cereal products 17
Vegetables (excluding potatoes) 13
Potatoes & savoury snacks 13
Meat & meat products 1"

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition
Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary
anallytes. HMSO, London.

Table 5.27 Good food sources of vitamin E

Wheat germ oil
Almonds

Sunflower seeds & oil
Safflower oil

Hazelnuts

Peanuts & peanut butter
Corn oil
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Vitamin D (calciferols)

The term vitamin D refers to two molecules, ergocalciferol (D,) and
cholecalciferol (Ds). Cholecalciferol is the most effective form of vita-
min D and is manufactured in the skin by the action of ultraviolet
radiation on 7-dehydrocholesterol. Dietary ergocalciferol and cholecal-
ciferol are biologically inactive and are activated to 25-hydroxyvitamin
D in the liver (this has a limited amount of biological activity). Further
conversion in the kidney results in the production of the more active
form 1,25-dihydroxyvitamin D (calcitrol).

Function

o 1,25-dihydroxyvitamin D maintains plasma Ca by controlling Ca
absorption and excretion. Vitamin D and its metabolites are also
involved in bone mineralization.

o Children with vitamin D deficiency (rickets) often have impaired
immune function that is corrected by the administration of vitamin D.

e [t has recently been postulated that vitamin D may inhibit cell
proliferation in some forms of cancer.

Measurement

Vitamin D status is assessed by the measurement of plasma 25-hydroxyvitamin
D, normal values above 27.5 nmol/l. Plasma vitamin D levels vary with the
seasons, being highest in the summer and lowest in winter. Plasma Ca and
phosphate fall in severe deficiency and alkaline phosphatase is elevated in
mild and severe deficiency states.

Deficiency

Severe deficiency results in rickets in children, which is characterized by
reduced calcification of bone epiphyses. It results in skeletal deformities,
bone pain, and muscle weakness. In adults deficiency results in osteomalacia,
which leads to bone pain, and muscle weakness. People who stay indoors
and are fully covered are at risk of deficiency due to lack of ultraviolet
radiation from sunlight. Supplements are recommended for housebound
elderly and some ethnic groups, e.g. Asian and Muslim women due to low
sun exposure (see ‘DRVs and dietary guidelines during pregnancy’ in Chapter 9).
Malabsorption * the risk of deficiency.

Requirement and intake See Tables 5.28-5.30.

Toxicity

Excessive exposure to sunlight does not — vitamin D toxicity as excess Ds;
is converted to inert products. Overdose with supplements results in
hypercalcaemia, which has symptoms of thirst and anorexia and is accom-
panied by the risk of soft tissue calcification and urinary Ca stones.
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Table 5.28 Reference nutrient intakes (RNI) for all ages and
average daily intakes of vitamin D for adult men and women
provided by food (ug/d)*

Age (years) RNI
0-6 months 8.5
7-12 months 7.0
1-3 7.0
4-65 of
65+ 10
Pregnancy +10
Lactation +10

Average daily intake UK

Men 42
Women 37

* Source for RNI's Department of Health (1991). Dietary reference values for food and nutri-

ents for the United Kingdom. HMSO, London; source for average daily intakes for adults,

Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults

aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary anallytes. HMSO, London.
Certain at risk groups or individuals may require dietary vitamin D.

Table 5.29 Contribution of foods to vitamin D intake*

Food group % Daily intake
Fish & fish dishes 25
Qily fish 24
Meat & meat products 22
Cereals & cereal products 21
Fat spreads 17
Reduced fat spreads 8

* Source for average daily intakes for adults, Henderson, L., Irving, K., and Gregory, . (2003).
The National Diet and Nutrition Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral
intake and urinary anallytes. HMSO, London.

Table 5.30 Good food sources of vitamin D

Cod liver oil

Qily fish (salmon, mackerel, etc.)
Milk

Margarine

Breakfast cereals

Eggs

Liver
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Yitamin K

Naturally occurring vitamin K can be classified into two groups. The
major form of vitamin K; (phylloquinine) is found in plants while the
vitamin K, group of compounds (menaquinones) are synthesized by
intestinal bacteria.

Function

e Vitamin K promotes the synthesis of y-carboxyglutamic acid (Gla) in
the liver. Gla is an essential part for prothrombin (factor Il) and other
coagulation factors (VII, IX, and X). Vitamin K is .. essential for blood
coagulation.

o Other proteins contain Gla and require vitamin K for their synthesis.
These include osteocalcin, a bone protein made by osteoblasts.

Measurement

Traditionally, vitamin K deficiency screening was based on coagulation
assays of the levels of the active forms of coagulation proteins that require
vitamin K. To entirely eliminate a diagnosis of congenital vitamin K defi-
ciency it is necessary to conduct individual factor assays. It is now possible
to assay for undercarboxylated vitamin K dependent proteins that are
produced when vitamin K is in short supply or blocked by antagonists such
as warfarin. A few specialist centres are now able to assay plasma and
tissues levels directly by high performance liquid chromatography.

Deficiency

Vitamin K deficiency is characterized by poor blood clotting and results
in low prothrombin activity. New born babies are given an injection
of vitamin K at birth. Infants are born with very low stores and due
to sterility of their intestines do not have bacteria producing vitamin K.
Deficiency is rare in adults but does occur in patients with obstructive
jaundice as lack of bile can —» poor absorption of vitamin K. The antico-
agulants warfarin and dicoumarol can — a deficiency as their mode of
action is to block some of the enzymes that recycle vitamin K in the liver.

Requirement and intake (Table 5.31)

Studies into vitamin K requirements are not entirely satisfactory as it is
difficult to induce deficiency solely by dietary manipulation. It is suggested
that the requirements are between 0.5 and 1.0 pg per kg/d. Determination
of vitamin K levels in foods and unreliability of estimates of intake in the
UK means that a consensus on usual intake is not available. Studies in the
USA suggest that intakes vary between 30 and 100 pg/d.
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Toxicity

Large intakes of naturally occurring vitamin K do not appear to be toxic.
Synthetic preparation of vitamin K; (menadione) is used to treat intracra-
nial and pulmonary haemorrhage in premature infants and overdosage
can — liver overload and brain toxicity.

@ Supplements containing vitamin K should not be taken when taking
anticoagulant drugs, e.g. warfarin (see ‘Drug-nutrient interactions’ in
Chapter 8).

Table 5.31 Good food sources of vitamin K

Green leafy vegetables (spinach, broccoli, cabbage, & kale)
Vegetable oils especially soya bean oil

Eggs

Meat

Dairy products
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Vitamin C (ascorbic acid)

Most animals can synthesize vitamin C from glucose or galactose; humans,
primates, guinea-pigs, Indian fruit-eating bats, and some birds lack this
ability and it is an essential nutrient in these species. L-ascorbic acid and
L-dehydroascorbic acid are both biologically active forms of vitamin C.

Function

Vitamin C is a powerful reducing agent (antioxidant) and is essential for

many oxidation—reduction reactions.

e Vitamin C is required for the synthesis of collagen, the main protein
in connective tissue and ... essential for the maintenance of muscles,
tendons, arteries, bone, and skin. It is essential for the normal
functioning of enzymes involved in collagen synthesis.

o The hydroxylation of dopamine to the neurotransmitter noradrenaline

requires vitamin C.

Vitamin C is required for the production of carnitine. Low levels of

carnitine are associated with fatigue and muscle weakness.

e Various peptide hormones and releasing factors require activation by
a vitamin C dependent enzyme.

o Numerous other enzymes need vitamin C; these enzymes control

many functions including the synthesis of bile and the metabolism of

drugs and carcinogens by the liver.

Vitamin C enhances the absorption of Fe when consumed in the

same meal.

Measurement Vitamin C status is assessed by measurement in
plasma and leucocytes; plasma levels are the most practical measure of
status. Plasma levels <11 mmol/l show deficiency, >17 mmol/l are ade-
quate. Leucocyte levels of >2.8 pmol/10° cells are adequate.

Deficiency Vitamin C deficiency is uncommon except in populations
where there is prolonged lack of fruit and vegetables. Deficiency of vita-
min C is characterized by abnormalities of the connective tissue including
poor wound healing which are described by the term scurvy. Weakness,
fatigue, bleeding gums, and skin haemorrhages are symptoms of scurvy.

Requirement and intake (Tables 5.32-5.34) Regular smoking *
vitamin C turnover and it is estimated that smokers require 80 mg/d.

Toxicity High doses (1-10 g/day) of vitamin C are sometimes taken in
the belief that such doses can prevent the common cold. There is no
evidence to support this hypothesis although they may reduce the sever-
ity of symptoms to an extent. Sudden cessation of high dose supplements
may precipitate rebound scurvy. Intakes at such high levels have been
associated with diarrhoea and 1 risk of kidney oxalate stone formation.
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Table 5.32 Reference nutrient intakes (RNI) for all ages and
average daily intakes for adult men and women for vitamin C
provided by food (mg/d)*

Age (years) RNI
0-1 25
1-10 30
11-14 35
Males 15+ 40
Females 15+ 40
Pregnancy +10°
Lactation +30

Average daily intake UK

Men 83
Women 81

* Source for RNIs, Department of Health (1991). Dietary reference values for food and nutrients
for the United Kingdom. HMSO, London; source for average daily intakes for adults, Henderson,
L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults aged 19 to 64
years. Vol. 3 Vitamin and mineral intake and urinary analytes. HMSO, London.

T Last trimester only.

Table 5.33 Contribution of foods to vitamin C intake*

Food group % Daily intake
Drinks 27
Fruit juice 19
Soft drinks inc. low calorie 8
Vegetables excluding potatoes 22
Fruit & nuts 19
Potatoes & savoury Snacks 15

* Source for average daily intakes for adults, Henderson, L., Irving, K., and Gregory, J. (2003).
The National Diet and Nutrition Survey: adults aged 19 to 64 years. Vol. 3 Vitamin and mineral
intake and urinary analytes. HMSO, London.

Table 5.34 Good food sources of vitamin C

Kiwi fruit

Citrus fruit (oranges, lemons, satsumas, clementines, etc.)
Black currants

Guava

Mango

Papaya

Pepper

Brussels sprouts

Broccoli

Sweet potato
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RIBOFLAVIN (VITAMIN B,)

Riboflavin (vitamin B,)

Function

Riboflavin is part of two coenzymes that are both oxidizing agents: flavin

mononucleotide (FMN) and flavin adenine dinucleotide (FAD). FMN and

FAD are contained in flavoproteins, which are involved in many oxida-

tion—reduction reactions in many metabolic pathways. The functions of

riboflavin include:

e promotion of normal growth;

o assisting synthesis of steroids, red blood calls, and glycogen;

e maintenance of mucous membranes, skin, eyes, and the nervous
system;

o aiding Fe absorption.

Measurement

Riboflavin status can be assessed by the measurement of urinary excre-
tion or by measurement of erythrocyte glutathione reductase activity
coefficient (EGRA). FAD is a co-factor for EGR and its activity is directly
correlated to riboflavin status. EGRA is the method of choice as it
reflects tissue saturation and long-term riboflavin status. Levels <1.3 are
acceptable. Recently, doubts about the validity of EGRA in pregnancy and
exercise have been expressed.

Deficiency

e Lesions of the mucosal surfaces of the mouth, angular stomatitis,
cheilosis, glossitis and magenta toungue, surface lesions of the genitalia,
seborrhoeic skin lesions, and vascularization of the cornea.

o Riboflavin deficiency is often accompanied by other nutrient
deficiencies, e.g. pellagra.

e In animal studies deficiency is associated with poor growth of the
young and it is probable that similar effects occur in human neonates.

o Severe deficiency is unlikely in the UK but the elderly, anorexia
nervosa sufferers, and chronic ‘dieters’ are at risk.

Sources in the diet Riboflavin is unstable when exposed to
ultraviolet light and up to 70% will be lost from milk during 4 hours expo-
sure to sunlight.

Requirement and intake See Tables 5.35-5.37.

Toxicity Toxicity is low due to the small amount that can be
absorbed by the gastrointestinal tract in a single dose.
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Table 5.35 Reference nutrient intakes (RNI) for all ages and average
daily intakes for adult men and women for riboflavin (mg/d)*

Age (years) RNI
0-1 0.4
1-10 0.6-1.0
Males 11-14 1.2
Males 15+ 13
Females 11+ 1.1
Pregnancy +0.3
Lactation +0.5

Average daily intake UK

Men 2.11
Women 1.60

* Source for RNIs, Department of Health (1991). Dietary reference values for food and nutrients
for the United Kingdom. HMSO, London; source for average daily intakes for adults, Henderson,
L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults aged 19 to 64
years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.36 Contribution of foods to riboflavin intake*

Food group % Daily intake

Milk & milk products 33
Semi-skimmed milk 16

Cereals & cereal products 2

Meat & meat products 15

Drinks 10

* Source for average daily intakes for adults, Henderson, L., Irving, K., and Gregory, J. (2003).
The National Diet and Nutrition Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral
intake and urinary analytes. HMSO, London.

Table 5.37 Good food sources of riboflavin

Eggs

Milk and milk products
Liver & kidney

Yeast extracts

Fortified breakfast cereals
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NIACIN (NICOTINAMIDE, NICOTINIC ACID)

Niacin (nicotinamide, nicotinic acid)

Niacin is the generic term for a group of compounds that prevent pellagra.
Nicotinamide and nicotinic acid both occur in food but have different
physiological properties. Approximately 50% of niacin in the body is syn-
thesized from the amino acid tryptophan. Sixty milligrams of tryptophan
are equivalent to one milligram of niacin or 1 niacin equivalent (NE).

Function

Nicotinamide is incorporated into the pyridine nucleotide coenzymes
nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine
dinucleotide phosphate (NADP). The coenzymes are involved in numer-
ous oxidoreductase reactions including glycolysis, fatty acid metabolism,
tissue respiration, and detoxification.

Measurement

Niacin status is most often assessed by the measurement of its metabolites
N’-methylnicotinamide (NMN) and N’-methyl-2-pyridone-5-carboxamide.
These metabolites are ¥ in niacin deficiency. A deficiency should be con-
sidered when the NMN to creatinine ratio is <1.5 mmol/mol. This assay
requires 24 hour urine collection, which may be problematical. Other
measures of niacin status include red cell NAD concentration and fasting
plasma tryptophan.

Deficiency
Deficiency of niacin is known as pellagra and classically it is characterized
by the three Ds.
o Dermatitis—skin that is exposed to the sun becomes inflamed,
which progresses to pigmentation, cracking, and peeling. The neck
is frequently involved and the distinctive distribution of skin lesions
is known as Casal’s collar.
o Diarrhoea—this is often accompanied by an inflamed tongue.
o Dementia—symptoms range from mild confusion and disorientation to
mania, occasionally psychoses may occur that require hospitalization.
Pellagra is rare in the UK but still occurs in parts of Africa.

Requirement and intake See Tables 5.38-5.40.

Toxicity Nicotinic acid intakes of 200 mg/day — flushing due to vaso-
dilatation, higher doses — dilatation of non-cutaneous vessels and can
cause hypotension. Doses of 1-2 g/day are used in the treatment of
hypertriglyceridaemia and hypercholesterolaemia. Larger doses (3—6 g/d)
cause reversible liver toxicity with changes in liver function, carbohydrate
tolerance, and uric acid metabolism.
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Table 5.38 Reference nutrient intakes (RNI) for all ages and average
daily intakes for adult men and women for niacin provided by food
(mg niacin equivalent/1000 kcal)*

Age (years) RNI
All ages 6.6
Lactation” +2.3 mg/d

Average daily intake UK

Men 911
Women 671

* Source for RNIs, Department of Health (1991). Dietary reference values for food and nutri-
ents for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.
 No increment is recommended during pregnancy.

Table 5.39 Contribution of foods to niacin intake*

Food group % Daily intake
Meat & meat products 34
Chicken, turkey, & dishes inc. coated 15
Cereals & cereal products 27
White bread 7
Cheese 12

* Henderson, L, Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO,
London.

No increment is recommended during pregnancy.

Table 5.40 Good food sources of niacin

Beef

Pork
Chicken
Wheat flour
Maize flour
Eggs

Milk
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THIAMIN

Thiamin
Function
Thiamin forms part of the coenzyme thiamine pyrophosphate (TPP),
which is involved in major decarboxylation steps in the following
pathways.
e Pyruvate — acetyl CoA at the entry to the citric acid cycle.
o a-Ketoglutarate - succinyl CoA, halfway round the citric acid cycle.
e Transketolase reactions in the hexose monophosphate shunt.
e Catabolism of branch chain amino acids, leucine, isoleucine,
methionine and valine.
e Thiamin is needed for the metabolism of fat, carbohydrate, and
alcohol.

Measurement

Red cell transketolase assay is the most frequently used measure of
thiamin status. It is essential to use fresh, heparinized whole blood. Thia-
min deficiency is indicated by t in transketolase activity after the addition
of TPP. Higher values indicate greater deficiency; in Wernicke’s encepha-
lopathy activity can be t by 70-100%.

Deficiency
Thiamin deficiency manifests as beriberi and Wernicke—Korsakoff syn-
drome. Beriberi is usually classified as either ‘wet’ (cardiac) or ‘dry’ (neu-
rological). They rarely occur together.
o Wet beriberi is the acute form of the disease and is characterized
by high output cardiac failure, bounding pulse, warm extremities,
peripheral oedema, and cardiac dilatation.
o Dry beriberi is the chronic form of the disease and is characterized
by progressive, peripheral neuropathy. Foot drop is accompanied
by loss of sensation in the feet and absent knee jerk reflexes.
Wernicke—Korsakoff syndrome is seen in chronic alcoholics who
have a poor diet. It is characterized by confusion, low levels of
consciouness, and poor coordination (Wernicke’s encephalopathy).
Paralysis of one or more of the external movements of the eye is a
diagnostic criteria. Memory loss (Korsakoff's psychosis) often follows
the encephalopathy.

Requirement and intake See Tables 5.41-5.43. Thiamin require-
ments are related to energy metabolism.

Sources in the diet Thiamin is widely distributed in the diet. In the
UK and many other industrialized countries bread flour is fortified with
thiamine by law and in practice it is added to many breakfast cereals.

Toxicity Chronic intakes of more than 3 g/d are associated with
symptoms of toxicity; these include headache, irritability, insomnia, weak-
ness, tachycardia, and pruritis. Regular large intakes can — an allergic
reaction.
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Table 5.41 Reference nutrient intakes (RNI) for all ages and average
daily intakes for adult men and women for thiamin provided by food
(mg/1000 kcal)*

Age (years) RNI
0-12 months 0.3

1-50 + 04"
Average daily intake UK

Men 2.00 mg/d
Women 1.54 mg/d

* Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003) The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.
No increment for pregnancy or lactation.

Table 5.42 Contribution of foods to thiamin intake*

Food group % Daily intake
Cereals & cereal products 34
White bread 9
Meat & meat products 21
Vegetables excluding potatoes 15
Potatoes & savoury snacks 13

* Source for RNIs, Department of Health (1991). Dietary reference values for food and nutrients
for the United Kingdom. HMSO, London; source for average daily intakes for adults, Hender-
son, L., Irving, K., and Gregory, . (2003) The National Diet and Nutrition Survey: adults aged 19
to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.43 Good food sources of thiamin

Cereal products (including breakfast cereals and bread)
Yeast and yeast products

Pulses

Nuts

Pork & other meats

Vegetables

Milk
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FOLATE (FOLIC ACID)

Folate (folic acid)

Folic acid (pteroyl glutamic acid) is the synthetic form of the vitamin and
is the parent molecule for a number of derivatives known as folates. Folic
acid is a very stable molecule with high biological activity. It is used in the
fortification of foods and in supplements. Folates occur naturally as a
number of tetrahydrofolates, which have variable biological activities.

Function

e Folates are involved in a number of single carbon transfer reactions
particularly in the synthesis of purines, pyrimidines, glycine, and
methionine. It is .. essential for the synthesis of DNA and RNA.

o The folate derivative 5-methyl tetrahydrofolate requires vitamin B, to
enable the use of methionine synthase in the synthesis of methionine
and tetrahydrofolate.

Measurement Recent intake is assessed by serum folate; normal
levels are 2.0-11.0 pg/l Cellular status is reflected by red cell folate;
normal levels are 150-700 pg/l.

Deficiency Dietary deficiency is seen occasionally but secondary defi-
ciency is fairly common. Secondary deficiency can result from malabsorp-
tion, the use of certain drugs, and in late pregnancy and some disease
states including leukaemia. Deficiency results in megaloblastic anaemia
with abnormal neutrophil nuclei and giant platelets. There may also be
infertility and diarrhoea.

Benefits of extra folate
Folate supplements in early pregnancy (before the neural tube closes
at 24-28 days) have been shown to reduce neural tube defects (see
‘Preconceptional and periconceptual nutrition’, in Chapter 9).

Large doses (200 p/day) reduce plasma levels of homocysteine. Raised
plasma homocysteine is a risk factor for cardiovascular disease.

Requirement and intake See Tables 5.44-5.46.

Toxicity The toxicity of folates is low. Folate supplements given to
patients with developing vitamin B4, deficiency may obscure diagnosis.

Drug interactions Chronic use of anticonvulsants has been associated
with folate deficiency. Other drugs that interfere with folate metabolism
include cytotoxic chemotherapy agents (methotrexate, aminopterin)
and antimalarial (pyrimethamine) and antibacterial (co-trimoxazole) agents.
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Table 5.44 Reference nutrient intakes (RNI) and average daily
intakes for adult men and women for folate provided by food (ug/d)*

Age (years) RNI
0-1 50
1-3 70
4-6 100
7-10 150
Males 11+ 200
Females 11+ 200
Pregnancy +100"
Average daily intake UK

Men 344
Women 251

* Source for RNIs, Department of Health (1991). Dietary reference values for food and nutri-
ents for the United Kingdom. HMSO, London; source for average daily intakes for adults,

f To prevent first occurrence of NTD: 400 pg during preconception and until the 12th week
of pregnancy (on prescription or over the counter). To prevent recurrence of NTD: 5000
Wg during preconception and until the 12th week of pregnancy (on prescription only).

Table 5.45 Contribution of foods to folate intake*

Food group % Daily intake

Cereals & cereal products 33

Whole grain and high fibre breakfast cereals 8

Vegetables excluding potatoes 15
Drinks 14
Potatoes & savoury snacks 12

* Henderson, L., Irving, K., and Gregory, . (2003) The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes HMSO,
London.

Table 5.46 Good food sources of folate

Rich sources >100 pg per serving: Brussels sprouts, kale, spinach

Good sources 50-100 pg per serving: fortified bread and breakfast cereals,
broccoli, cabbage, cauliflower, chickpeas, green beans, icebergs, lettice, kidneys,
beans, peas, spring greens

Moderate sources 15-15 pg per serving: potatoes, most other vegetables, most
fruits, most nuts, brown rice, wholegrain pasta, oats, bran, some breakfast
cereals, cheese, yoghurt, milk, eggs, salmon, beef, game
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VITAMIN By

Yitamin B,

There are three naturally occurring forms of vitamin B, pyridoxine, pyri-
doxal, and pyridoxamine. These three vitamers are interconvertible in
the body.

Function

The three vitamers can be converted to the coenzyme pyridoxal-

5-phosphate which is involved in amino acid metabolism. These reactions

include:

e transamination of amino acids to produce keto acids and synthesis
of non-essential amino acids;

o decarboxylation to yield biologically active amines, e.g., neurotransmit-
ters (adrenaline, noradrenaline, serotonin, and y—amino butyric acid)
and histamine;

e porphyrin synthesis, including haemoglobin.

Vitamin B¢ is also involved in the conversion of glycogen to glucose

in muscles, the conversion of tryptophan to niacin, and in hormone

metabolism.

Measurement Vitamin B, status can be assessed by the measure-
ment of plasma concentrations of pyridoxal phosphate (normal values
are above 30 nmol/l) or total vitamin B, Activation of erthyrocyte
transaminases can be a useful measure. Metabolism of test doses of
methionine can be used but is technically difficult.

Deficiency Severe deficiency of vitamin By is rare. One outbreak was
reported in 1954 due to errors in the manufacture of infant’s formula
feed. The affected infants suffered seizures that responded to treatment
with vitamin Be. Patients suffering malabsorption, receiving dialysis, or
alcoholics are at risk of deficiency. Clinical signs include lesions of the lips
and corners of the mouth and inflammation of the tongue. Peripheral
neuropathy may be a sign of vitamin B¢ deficiency but as vitamin B, deficiency
is usually associated with other vitamin deficiency the neuropathy may be
the result of thiamin deficiency. Sideroblastic (microcytic, hypochromic)
anaemia due to poor haem synthesis is associated with vitamin By deficiency.

Requirement and intake (Tables 5.47-5.49) Due to the impor-
tance of vitamin Bg in amino acid metabolism requirements are linked to
protein intake.

Toxicity Intakes of 500 mg/d and above have been associated with
peripheral neuropathy and loss of sensation in the feet has been reported
at higher doses (from supplements). The DH recommends that the daily
dose of vitamin B, should not exceed 10 mg/d.

Drug interactions Urinary excretion of vitamin B is t by isoniazid
(used to treat tuberculosis). Penicillamine, L-dopa, and cycloserine are
vitamin B, antagonists.
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Table 5.47 Reference nutrient intakes (RNI) for all ages and average
daily intakes for adult men and women for vitamin B, provided by
food (ug/g protein)*

Age (years) RNI
0-6 months 8
7-9 months 10
10-12 months 13
1-50 + 15t
Average daily intake UK

Men 33
Women 31

* Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003) The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.
* No increment is recommended for pregnancy or lactation.

Table 5.48 Contribution of foods to vitamin B, intake*

Food group % Daily intake
Cereals & cereal products 21
Meat & meat products 21
Potatoes & savoury snacks 19
Drinks 1
Beer & lager 8

* Source for RNIs, Department of Health (1991). Dietary reference values for food and nutrients
for the United Kingdom. HMSO, London; source for average daily intakes for adults, Hender-
son, L., Irving, K., and Gregory, ). (2003) The National Diet and Nutrition Survey: adults aged 19
to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.49 Good food sources of vitamin By

Meat

Wholegrain cereals
Fortified cereals
Bananas

Nuts

Pulses
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Cobalamin B;,

Cobalamin is a complex molecule that contains cobalt; it occurs naturally
in usual forms. Cyanocobalamin is the commercially available form, which
is converted to the natural forms. It requires salivary haptocorrin and
‘intrinsic factor’ to be absorbed. ‘Intrinsic factor’ is secreted by the parie-
tal cells of the stomach.

Function

The functions of vitamin B;, include:

o recycling of folate coenzymes;

e normal myelination of nerves;

o synthesis of methionine from homocysteine.

Measurement Serum By, status is assessed by radioligand binding or
microbiological assay. Levels >150 pmol/l are considered normal.
Absorption of By, is assessed by the Schilling test. Absorption of vitamin
By, labelled with radioactive cobalt is measured with and without ‘intrinsic
factor’.

Deficiency

Vitamin By, does not occur in plant foods and ... vegans and strict vegetari-
ans are at risk of deficiency. Few exhibit deficiency symptoms as vitamin
By, is also manufactured by intestinal bacteria. Children on macrobiotic
diets are at particular risk. The most common cause of deficiency is malab-
sorption due to atrophy of the gastric mucosa, which leads to inadequate
production of ‘intrinsic factor’ or diseases of the ileum. Deficiency results
in pernicious anaemia (megaloblastic) and/or neurological problems. The
anaemia is morphologically the same as that seen in folate deficiency and
biochemical tests are necessary to establish the cause. The neuropathy is
characterized by loss of sensation and motor power in the lower limbs
due to degeneration of myelin. Deficiency is easily corrected by monthly
injections (100 pg/m).

Sources in the diet Vitamin By, is synthesized by micro-organisms
and assimilated into the food chain. It occurs naturally in animal products
but it can be found in fortified foods such as breakfast cereals.

Requirement and intake See Tables 5.50-5.52.

Toxicity Toxicity has not been reported in humans.
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Table 5.50 Reference nutrient intakes (RNI) for all ages and average
daily intakes for adult men and women for By, provided by food (ug/d)*

Age (years) RNI
0-1 0.3-0.4
1-3 0.5
4-6 0.8
7-10 1.0
11-14 1.2
Males 15+ 1.5
Females 15+ 1.5
Lactation +0.51

Average daily intake UK

Men 6.5
Women 4.8

* Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

1 No increment is recommended during pregnancy.

Table 5.51 Contribution of foods to vitamin B, intake*

Food group % Daily intake
Milk & milk products 36
Semi-skimmed milk 18
Meat & meat products 30
Fish & fish dishes 18
Qily fish 11

" Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for
adults, Henderson, L., Irving, K., and Gregory, ]. (2003). The National Diet and Nutrition
Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary
analytes. HMSO, London.

Table 5.52 Good food sources of vitamin By,

Meat and meat products

Eggs

Milk and dairy products

Fish and fish products

Yeast products & fortified vegetable extracts
Breakfast cereals (fortified)
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BIOTIN

Biotin
Of the eight isomers of biotin only D-biotin is biologically active. Biotin is

made by bacteria and yeasts. Biotin is obtained from the diet and synthe-
sized by endogenous bacteria in the colon.

Function Biotin is a coenzyme for several carboxylases involved in
fatty acid synthesis and metabolism, gluconeogenesis, and the metabolism
of branched chain amino acids.

Measurement Microbiological assays are available to measure biotin in
whole blood or urine. The normal range in whole blood is 0.22-0.75 pg/ml.

Deficiency

Biotin deficiency is rare but has been reported in patients receiving total
parenteral nutrition and should be added to the infusion solution. Defi-
ciency is associated with a scaly dermatitis, glossitis, hair loss, anorexia,
depression, and hypercholesterolaemia. It is possible to induce biotin
deficiency by the ingestion of large amounts of raw egg white. Egg whites
contain the protein avidin, which binds biotin and prevents absorption.
The effect is prevented by heating the egg whites.

Requirement and intake See Tables 5.53 and 5.54. No studies are
available on which recommendations on intake can be based. It is
believed that intakes of between 10 and 200 pg/day are safe and
adequate.

Toxicity There have been no reports of biotin toxicity.
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Table 5.53 Average daily intakes for adult men and women
for biotin (pg/d) in UK*

Men 41
Women 29

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition
Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary
analytes. HMSO, London.

Table 5.54 Good food sources of biotin

Liver

Kidney

Milk

Eggs

Dairy products

117



118

PANTOTHENIC ACID

Pantothenic acid

Function

o Pantothenic acid is part of coenzyme A (CoA) and as such is
involved in the tricarboxylic acid cycle.

e The pantothenic acid derivative 4’-phosphopantetheine is part of
acyl carrier protein.

o [tis essential for reactions involved in carbohydrate and lipid
metabolism.

Measurement Pantothenic acid can be measured in blood and urine.
Normal urinary excretion is 1-15 mg/day and normal blood values are
>100 pg/dl.

Deficiency
Spontaneous deficiency of pantothenic acid has not been described. It is
possible to induce a deficiency with experimental diets or by administra-
tion of the antagonist w-methypantothenic acid. During World War Il
malnourished prisoners in the Far East developed ‘burning feet’ parathae-
siae which responded to treatment with pantothenic acid.

The symptoms of deficiency include a burning sensation in the feet,
depression, fatigue, vomiting, and muscle weakness.

Requirement and intake See Tables 5.55 and 5.56. Information is
not available to derive recommended intakes but intake of 3—7 mg/d is
considered adequate.

Sources in the diet Pantothenic acid is widely distributed in food
but highly processed foods do not contain the vitamin.

Toxicity There are no specific toxic effects although large doses may
cause gastrointestinal symptoms such as diarrhoea.
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Table 5.55 Average daily intakes of pantothenic acid
provided by food (mg/d) in UK*

Men 7.2
Women 54

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutri-
tion Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and
urinary analytes. HMSO, London.

Table 5.56 Good food sources of pantothenic acid

Yeast

Offal

Peanuts

Meat

Eggs

Green vegetables
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MINERALS AND TRACE ELEMENTS: INTRODUCTION

Minerals and trace elements:
introduction

Table 5.57 shows the minerals and trace elements known to be essential
to humans. Fl is semi-essential in that no physiological requirement is
known to exist but there are known beneficial effects. Minerals are
required in grams or milligrams while trace elements are required in
microgram amounts. Elements that are of biological importance but are
not currently considered essential include nickel, vanadium, cobalt, and
boron.

Criteria for essentiality of minerals and trace elements

o Present in healthy tissues.

e Concentration must be relatively constant between different
organisms.

o Deficiency induces specific biochemical changes.

o Deficiency changes are accompanied by equivalent abnormalities
in different species.

e Supplementation corrects the abnormalities.
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Table 5.57 Essential minerals and trace minerals

Minerals Trace elements
Calcium Copper
Phosphorus Chromium
Magnesium Manganese
Sodium Molybdenum
Potassium Selenium

Iron lodine

Zinc

Fluorine
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CALCIUM (Ca)

Calcium (Ca)

Ca is the most abundant mineral in the human body (1.4 g/kg) and 99%
is deposited, usually as hydroxyapatite, in bones and teeth where it pro-
vides structural rigidity. Ca plasma levels are tightly controlled by para-
thyroid hormone, 1,25 dihydroxycholecalciferol, and calcitonin. Plasma
Ca levels are also controlled by the vitamin D metabolite 1,25(OH),Ds
which controls the active absorption of calcium from the intestine and
osteoclastic resorption of bone. Causes of abnormal Ca plasma concen-
trations are shown in Table 5.58.

Function

e Structural rigidity of bones and teeth, as hydroxyapatite.
o Intracellular signalling control of muscles and nerves.

e Blood clotting.

o Co-factor for enzymes, e.g. lipase.

Measurement

The normal plasma range for Ca is 2.15-2.55 mmol/l and 50% of plasma
Ca is bound to protein, principally albumin; ... plasma value is frequently
given as a corrected value. Plasma Ca levels are tightly controlled and are
not usually affected by dietary insufficiency in healthy adults. Hypocal-
caemia results in symptoms such as tetany and cardiac arrhythmias. Bone
mineral concentration can be measured by neutron activation analysis
and dual X-ray absorptiometry can be used to directly measure bone
mineral density.

Deficiency

In early adulthood Ca deficiency can — stunted growth and failure to
achieve peak bone mass. Peak bone mass is achieved in early adulthood
and is determined by genetic factors, use of the skeleton, and nutritional
factors including Ca intake. Failure to achieve peak bone mass is a risk
factor for osteoporosis in later life. Poor Ca absorption due to vitamin D
deficiency leads to rickets in children (see ‘Vitamin D (calciferols)’, this
chapter).

Requirement and intake See Table 5.59.

Sources in the diet See Tables 5.60 and 5.61. Ca absorption is
variable; Ca in milk and dairy foods is more readily absorbed than Ca in
plants. The presence of phytates in cereals and oxalates in leafy green
vegetables inhibits absorption.

Toxicity Accumulation in blood and tissues due to dietary excess is
virtually unknown due to the tight homeostatic control of Ca. Hypercal-
caemia is usually the result of an abnormality in this control as shown in
Table 5.58. Milk alkali syndrome (MAS) results from excessive intake of
Ca and alkali as antacid tablets, Ca supplements, and milk (which pro-
vides vitamin D and - 1 absorption). MAS has been reported at Ca
carbonate intakes of >4 g/d or more. A rare cause of MAS is excessive
intake of Ca by the ingestion of betel nut paste containing oyster shells.
Intakes of up to 2 g of Ca /d have been shown to be safe.
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Table 5.58 Causes of abnormal plasma Ca*

Hypercalcaemia Hypocalcaemia

Malignant disease Vitamin D deficiency
Primary hyperparathyroidism Hypoparathyroidism (and
Sarcoidosis (and other granulomas) pseudohypoparathyroidism)

Vitamin D overdose

Milk alkali syndrome

Immobilization

Thyrotoxicosis

Hypercalcaemia of infancy

Familial hypocalciuric hypercalcaemia

* Reproduced from Human Nutrition and Dietetics. Garrow, JS., James, WPT., and Ralph, A.
table 17.1, p.135. With permission from Elsevier.

Table 5.59 Reference nutrient intakes for Ca (mg/d) for all
ages and average daily intakes (mg) for adult men and women
provided by food*

Age (years) ' RNI
0-12 months 525
1-3 years 350
46-years 450
7-10 years 550
Men

11-18 years 1000
19 + years 700
Women

11-18 years 800
19 + years 700
Lactation + 550

Average daily intake UK

Men 1007
Women 777

* Source for RNIs, Department of Health (1991). Dietary reference values for food
and nutrients for the United Kingdom. HMSO, London; source for average daily
intakes for adults, Henderson, L., Irving, K., and Gregory, J. (2003). The National
Diet and Nutrition Survey: adults aged 19 to 64 years. Vol.3. Vitamin and mineral
intake and urinary analytes. HMSO, London.

There is no recommendation for an increase in Ca intake during pregnancy, Ca
absorption ¢ during pregnancy.
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Table 5.60 Contribution of foods to Ca intake (NDNS)*

Food group % Daily intake
Milk & milk products 43

Semi skimmed milk 17

Cheese 11
Cereals & cereal products 30

White bread 13

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition
Survey: adults aged 19 to 64 years. Vol.3. Vitamin and mineral intake and urinary
analystes. HMSO, London.

Table 5.61 Food and portions that provide approximately
100 mg Ca

85 ml milk

15 g cheddar cheese

50 g yoghurt

100 g cottage cheese

20 g sardines

200 g baked beans

3 large slices white bread
125 g pulses (e.g. chickpeas)
20 g tofu

15 g tahini
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PHOSPHORUS (P)

Phosphorus (P)

Phosphate is present in every cell in the body although 80-85 % is found
with Ca in hydroxyapatite.

Function

o Skeletal rigidity as the Ca compound hydroxyapatite.

o Energy for metabolism is derived from the phosphate bonds in
adenosine triphosphate (ADP).

e Constituent of phospholipids and membranes.

o Constituent of nucleic acids.

Measurement Serum total phosphate levels are measured by col-
orimetric methods. The normal adult range is 0.7-1.5 mmol/l.

Deficiency P deficiency is unlikely to occur as it is present in all plant
and animal foods. Hypophosphataemia does occur in poorly managed
parenteral nutrition and re-feeding syndrome. Some studies have shown
that P deficiency at birth is linked to rickets at a later age. Hypophos-
phataemia can occur in sepsis, liver disease, alcoholism, diabetic ketoaci-
dosis, and excessive use of aluminium-containing antacids.

Requirement and intake See Tables 5.62 and 5.63 Dietary require-
ments for P are equal to those for Ca, i.e. 1 mg P:1 mg Ca or | mmol P:
1 mmol Ca.

Sources in the diet Phosphate is present in all natural foods and
is present in many additives. Good sources are shown in Table 5.64.
Absorption is approximately 60% of intake; it is ¥ by non-starch
polysaccharides (NSP). NSP rich diets are also rich in phosphate so
compensating for the reduction in absorption.

Toxicity Intakes above 70 mg/kg body weight may — high serum
levels that are above any likely to be taken in foods. Generally t intakes
are balanced by * excretion in urine; this is disrupted in renal patients
(see Chapter 24). The P:Ca ratio should not be above 2.2 mg P to
1 mg of Ca.
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Table 5.62 Reference nutrient intakes for P (which are equivalent to
those for Ca (mg/d) for all ages and average daily intakes (mg) for
adult men and women provided by food*

Age RNI
0-12 months 525

1-3 years 350

4-6 years 450

7-10 years 550

Men

11-18 years 1000
19 + years 700

Women

11-18 years 800

19 + years 700

Lactation +550
Average daily intake UK

Men 1493

Women 1112

* Source for RNIS, Department of Health (1991). Dietary reference values for food and nutri-
ents for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.63 Contribution of foods to P intake (NDNS)*

Food group % Daily intake
Milk & milk products 24
Semi-skimmed milk 9
Cereals & cereal products 23
White bread 5
Breakfast cereals 5
Meat & meat products 21

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO,
London.

Table 5.64 Good food sources of P

Milk & dairy products except butter
Cereals and cereal products

Meat & meat products

Fish

Nuts

Fruits & vegetables
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IRON (Fe)

Iron (Fe)

There is approximately 4 g Fe in the body of an adult man of which 2.4 g
is present as haemoglobin; adult women have approximately 2.1 g of
which 1.6 g is haemoglobin. Haemoglobin consists of 4 units: each unit
contains 1 haem group and 1 protein chain. Fe is also present in the non-
haem form. Fe compounds in the body are shown in Table 5.65.

Transport and absorption

In the free state Fe is toxic; .. its transport and storage are closely
controlled. Fe is actively absorbed in the duodenum. When the body
needs Fe it passes directly through the mucosal cells and is transported by
transferrin, with Fe released from old red blood cells, to the bone marrow
(80%) and other tissues. If Fe is not required it is stored in the mucosal
cells as transferrin. It will be lost in faeces when the mucosal cells are
exfoliated. Excess Fe that is absorbed is stored as ferritin or haemosiderin
in the liver, spleen, or bone marrow. Fe can be mobilized from these
stores when demand is *. Haem Fe is absorbed directly into the mucosal
cells where Fe is released by haem oxidase and then bound to transferrin.
Haem Fe represents 10-15% of Fe intake but contributes >40% total Fe
absorbed (Fig. 5.6). Non-haem Fe is poorly absorbed (1-20% of the total
absorbed) and is influenced by dietary constituents (see Table 5.66).

Table 5.65 Fe compounds in the body (mg)

Man (75 kg) Woman (55 kg)
Functional Fe
Haemoglobin 2400 1600
Myoglobin 350 230
Haem & non-haem enzymes 150 110
Transferrin-bound Fe 3 2
Total functional Fe ~2900 ~1940
Storage Fe
Ferritin & haemosiderin 500-1500 0-300

Total Fe ~4000 ~2100
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Table 5.66 Factors influencing Fe absorption

Increased absorption  Decreased
absorption
Haem Physiological Low Fe status High Fe status
factors
Dietary Low haem intake High haem intake
factors Meat Ca
Tannins
Non-haem  Physiological Depleted Fe stores Replete Fe stores
factors Pregnancy Achlorhydria
Disease states (aplastic
anaemia, haemolytic
anaemia, haemochro-
matosis)
Dietary Vitamin C Phytate
factors Meat, fish, seafood Fe-binding phenolic
Organic acids: ascorbic, ~ compounds
citric, lactic, malic, Inorganic elements:
tartaric Ca, Mn, Cuy, Cd, Co
! Absorption :
: ofiron
Plasma
Transferrin iron \
Spleen Bone marrow
Reticulo-endothelial Red cell
macrophages precursors

S

e

Circulating
red blood cells

|

Losses of iron

Tissue iron

from body

Fig. 5.6 Schematic representation of Fe metabolism.
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Function

As haemoglobin:

e transport of oxygen;

o cell respiration.

As myoglobin:

e oxygen storage in muscles.

Other functions:

e component of enzymes, including those involved in immune functions,
and cytochromes, which are essential for energy production.

Measurement

Fe deficiency develops in 3 stages and measurements are appropriate to

each stage.

o Fe depletion—Fe stores are depleted and serum ferritin levels will fall
below 12 pg/l. Other measures of Fe status will be normal.

o Fe deficient erythropoiesis—Fe stores are depleted and supply does
not meet needs for haemoglobin production. Serum ferritin levels
will be low, serum Fe concentration is low, and transferrin saturation
is <16%. Haemoglobin within normal range.

o Fe deficiency anaemia—haemoglobin levels <11.5 mg/l in women and
<13 mg/lin men. Red cells are microcytic and hypochromic. Mean
corpuscular volume (MCV) <77 fl and mean cell haemoglobin (MCH)
<27 pg.

Requirement and intake See Table 5.67 and 5.68.
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Table 5.67 Reference nutrient intakes for Fe (mg/d) for all ages and
average daily intakes (mg) for adult men and women provided by food
(NDNS)*

Age' RNI
0-3 months 1.7
4—6 months 43
7-12 moths 7.8
1-3 years 6.9
4-6 years 6.1
7-10 years 8.7
Men

11-18 years 1.3
19-50 + years 8.7
Women

11-50 years 14.8
50 + years 8.7
Average daily intake UK

Men 13.2
Women 10.0

*Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients of the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, . (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol.3. Vitamin and mineral intake and urinary analytes. HMSO, London.

There is no recommendation for pregnancy and lactation as women should have enough
Fe stores which will be enhanced by increased absorption and cessation of menstruation.
Women with low Hb levels at the start of pregnancy may require supplementation.

Table 5.68 Contribution of foods to Fe intake (NDNS)*

Food group % Daily intake
Cereals & cereal products 44
Whole grain & high fibre breakfast cereals 13
Meat & meat products 17
Vegetables excluding potatoes 10

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO,
London.
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IRON (FE)

Deficiency
Fe deficiency anaemia (IDA) is the most common nutritional deficiency in
the world. It is estimated that up to 30% of women have IDA, with
prevalence of ~8% in developed countries (see sections on ‘lron defi-
ciency anaemia’ in Chapters 10-12 and ‘Is a vegetarian diet risky for
health? in Chapter 13). Up to 15% of pregnant women are Fe deficient
(see ‘Dietary problems in pregnancy’ in Chapter 9).
Physical signs include:
o Pallor of finger nails and mucous membranes in the mouth

and under eyelids;
o Tachycardia and in severe cases oedema;
o Fatigue, breathlessness on exertion, insomnia, giddiness, anorexia;
o Paraesthesia of fingers and toes.

Sources in the diet See Tables 5.69 and 5.70.

Toxicity

Due to the tight metabolic control dietary excess does not occur. Fe
poisoning can occur due to overdose of supplements: the lethal dose in
children is 200-300 mg/kg body weight and approximately 100 g in adults.
High doses of Fe supplements cause gastrointestinal symptoms especially
constipation although nausea, vomiting, and diarrhoea may occur. The
absorption of other micronutrients, e.g. Zn, are reduced by high dose Fe
supplements.

The hereditary disease primary idiopathic haemochromatosis is charac-
terized by high levels of Fe being absorbed. Fe deposits in the liver and
heart and may — cirrhosis, liver cancer, congestive heart failure, and
eventually death. Treatment requires regular blood removal.
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Table 5.69 Dietary sources of Fe

Very good sources
Meat especially offal*
Fish

Eggs

Meat extracts

Good sources

Bread & flour

Breakfast cereals

Vegetables (dark green) & pulses

Nuts & dried fruit—prunes, figs, apricots
Yeast extract

* Liver is not recommended in pregnancy due to its high vitamin A
content.

Table 5.70 Fe content of 50 g portions of foods

Food Fe (mg)
Liver—cooked* 5
Liver pate 3
Roast or corned beef 1
Boiled egg 1
Sardines in tomato sauce 2
Wholemeal bread—1 slice 1
Bran flakes—30 g 6
Baked beans 1
Frozen peas 1
Lentils—cooked 1.5
Dark green leafy vegetables—cooked 0.5
Dried apricots 2
Tofu 0.5
Dry roasted peanuts 1

*Liver is not recommended in pregnancy due to its high vitamin A content.
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ZINC (Zn)

Zinc (Zn)

Function

e There are more than 200 Zn enzymes in plant and animal tissues
including alcohol dehydrogenase, alkaline phosphatase, aldolase, and
RNA polymerase. Zn is .. involved in digestion, carbohydrate
metabolism, bone metabolism, and oxygen transport and it is a
powerful antioxidant.

Zn is important in the immune response.

It has other vital functions including structural properties in some
proteins. Zn stabilizes the structure of DNA, RNA, and ribosomes;
it has a vital role in gene expression.

Measurement

<0.1% of the body’s Zn is present in the blood and its measurement
in plasma is not a good measure of Zn status. The measurement of
thymulin activity is increasingly being used although it is labour-intensive
and .. not widely available. Thymulin promotes T-lymphocyte maturation
and requires Zn for it to be active. Zn supplementation and observation of
the subject’s response is the most reliable method of diagnosing
deficiency.

Deficiency

o Severe deficiency results in growth retardation, failure to thrive,
delayed sexual maturation.

e Sore throat and immune defects.

o Circumoral and acral dermatitis.

o Diarrhoea: Zn supplementation has been implemented in areas of
the world where children are affected by persistent diarrhoea.

o Alopecia and neuropsychiatric symptoms.

Requirement and intake See Tables 5.71 and 5.72.

Sources in the diet See Table 5.73. Zn bioavailability is higher from
animal sources than from cereals which contain phytate. Bioavailability is
estimated to be 50-55% for an omnivorous diet in the UK; vegetarian and
vegan diets have an estimated bioavailability of 30-35%.

Toxicity Zn toxicity can occur following ingestion of water that has
been stored in galvanized tanks or if this water is used for renal dialysis.
Acute ingestion of 2 grams or more of Zn results in nausea, vomiting, and
fever. Intakes of 50 mg of Zn have been shown to interfere with Cu and
Fe metabolism. Chronic intakes of 75-300 mg/d have been associated with
symptoms of Cu deficiency including microcytic anaemia and neutropenia.
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Table 5.71 Reference nutrient Intakes for Zn (mg/d) for all ages and
average daily intakes (mg) for adult men and women provided by food
(NDNS)*

Age' RNI
0-6 months 4.0
7 months-3 years 5.0
4-6 years 6.5
7-10 years 7.0
11-14 years 9.0
Males

15+ years 9.5
Females

15+ years 7.0
Lactation

0—4 months +6.0
4+ months +2.5
Average daily intake UK

Men 10.2
Women 74

*Source for RNIs, Department of Health (1991). Dietary reference values for food and nutrients
for the United Kingdom. HMSO, London; source for average daily intakes for adults, Hender-
son, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults aged 19
to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

No increase is recommended in pregnancy.

Table 5.72 Contribution of foods to Zn intake (NDNS)*

Food group % Daily intake
Meat & meat products 34
Beef, veal, & dishes 11
Turkey, chicken, & dishes 5
Cereals & cereal products 25.5
White bread 6
Breakfast cereals 5
Milk & milk products 17
Cheese 6
Semi-skimmed milk 6

*Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.73 Food sources of Zn

Source Food

Very rich Lamb, leafy & root vegetables, crabs & shellfish, beef, offal

Rich Whole grains, pork, poultry, milk and milk products, eggs, nuts
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COPPER (Cu)

Copper (Cu)

An adult has 80 mg of Cu in their body, 40% of which is present in mus-
cle, 15% in the liver, 10% in the brain, and 6% in blood.

Function Cu is incorporated in many metallo-enzymes, which are
shown in Table 5.74.

Measurement

A totally reliable, sensitive method of assessing Cu status has yet to be
established. Plasma Cu and caeruloplasmin (Cu- containing protein that
normally binds 90% of the Cu present in plasma) are frequently used;
they are both lowered in deficiency but they plateau as levels of Cu *
and do not reflect high intakes. Neither is very specific. Normal serum
Cu levels are 12-26 pg/l but they are t in late pregnancy and in women
taking oestrogen-based contraceptives. Other methods include assess-
ment of the activity of Cu enzymes in particular superoxide dismutase.

Deficiency
Cu deficiency is rare although it can occur in premature infants and in
patients receiving total parenteral nutrition. Cu is accumulated in the
fetus during the late stages of pregnancy and full term babies have large
stores in the liver. * Cu losses can occur in diseases such as cystic fibro-
sis, coeliac disease, and in children with chronic diarrhoea. Cu deficiency
occurs in the hereditary condition Menkes disease in which Cu transport
is impaired.

The symptoms of Cu deficiency are:
o Failure to thrive in babies;
e Oedema with low serum albumin;
o Fe resistant anaemia;
o Impaired immunity with low neutrophil count;
o Skeletal changes including fractures and osteoporosis;
e Abnormal blood vessels due to defects in collagen and elastin;
e Hair and skin hypopigmentation with steely, uncrimped hair;
o Neurological abnormalities.

Cu deficiency may be a risk factor for coronary heart disease as it has
been associated with raised plasma cholesterol levels and heart-related
abnormalities.
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Table 5.74 Functions of Cu metallo-enzymes

Enzyme

Functions

Blue proteins

Electron transfers

Cytochrome- ¢ oxidase

Electron transport: reduction of
O, to H,0

Caeruloplasmin (ferroxidase )

Fe oxidation and transport

Superoxidase dismutase

Antioxidant

Dopamine-hydroxylase

Hydroxylation of dopa in the brain

Diamine and monamine oxidase

Removal of amines and diamines

Lysyl oxidase

Cross-inking in collagen and elastin,
cardiovascular and bone integrity

Tyrosinase

Melanin formation

Chaperone proteins

Intracellular Cu transport

Chromatin scaffold proteins

Structural integrity of nuclear
material

Clotting factors V, VIII

Thrombogenesis

Metallothionein

Metal sequestration

Nitrous oxide reductase

Reduction of NO; to NO

From C.Reilly (2004), The nutritional trace metals, table 41, p120. Reproduced with

permission from Blackwell Publishing.
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COPPER (CU)

Requirements and intake See Tables 5.75 and 5.76. No increment
for pregnancy is recommended as any t in demand is met by the
mother’s adaptive responses. The average intake is * to 1.48 mg/d in men
and 1.07 mg/d in women by the use of supplements.

Sources in the diet See Table 5.77. Bioavailability ranges from 35 to
70% and ¥ with age. The bioavailability of Cu in milk based formulae is
approximately 50%.

Toxicity Cu toxicity occurs either by the deliberate ingestion of Cu
salts or by drinking contaminated water. The symptoms of acute toxicity
are nausea, vomiting, and diarrhoea and may be fatal in extreme cases.
Chronic Cu poisoning, due to contamination by Cu water pipes or cook-
ing utensils can — liver cirrhosis; infants and young children are particu-
larly vulnerable. Wilson’s disease is an inherited disease in which there is
abnormal Cu transport that results in Cu accumulation in the liver, eyes
brain, and kidneys and associated pathology.
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Table 5.75 Reference nutrient intakes for Cu (mg/d) for all ages and
average daily intakes (mg) for adult men and women provided by food*

Aget RNI
0-12 months 0.3
1-3 years 04
4-6 years 0.6
7-10 years 0.7
11-14 years 0.8
15-16 years 1.0
18+ years 12
Pregnancy +0.3
Average daily intake UK

Men 143

Women 1.03

* Source for RNIs, Department of Health (1991). Dietary reference values for food and

nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults

aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London
No increase is recommended in pregnancy.

Table 5.76 Contribution of foods to Cu intake (NDNS)*

Food group % Daily intake
Cereals & cereal products 31
White bread 8
Meat & meat products 15
Potatoes & savoury snacks 10
Fruits 10

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO,
London.

Table 5.77 Good food sources of Cu

Offal

Nuts

Cereals & cereal products
Meat & meat products
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IODINE (1)

lodine (I)

Function

o |odine is a component of the thyroid hormones thyroxine (T4) and
triiodothyronine (T3).

e Thyroid hormones maintain the body’s metabolic rate by controlling
energy production and oxygen consumption in cells.

e They are required for normal growth and development.

o In the fetus and neonate normal protein metabolism in the brain and
CNS requires iodine.

Measurement Levels of thyroid-stimulating hormone (TSH) are the
most sensitive indicators of iodine status. It is raised in iodine deficiency.
In severe deficiency serum T3 and T4 decline.

Deficiency

o |odine deficiency disorder (IDD) in adults results in hypothyroidism
and raised levels of TSH, which cause hyperplasia of thyroid tissues
resulting in goitre. Hypothyroidism is characterized by lethargy, poor
cold tolerance, bradycardia, and myxoedema.

o In the fetus IDD results in cretinism. This is characterized by mental
retardation, hearing, speech defects, squint, disorders of stance and
gait, and growth retardation. The degree of cretinism is variable and
varying degrees of growth retardation and mental retardation are
seen in infants and children with IDD.

e |IDD is also linked to t in the rates of still birth, miscarriage, and
infertility.

IDD is now rare in UK although some areas were once associated with

IDD, e.g. Derbyshire. It is estimated that 200-300 million people world-

wide demonstrate some degree of IDD.

Intake (Tables 5.78-5.80)

The amount of iodine in the diet is affected by the geography of the areas
of cultivation. Areas with poor soil content, e.g. mountainous areas such
as the Himalayas are often associated with endemic IDD. This is due to
iodine being washed from the soil. Supplementation of salt has been
introduced in an attempt to reduce IDD. In the UK the iodine content of
foods has gradually * due to the supplements of cattle feeds, which are
secreted in milk.

Absorption is reduced by the presence of goitrogens in some foods,
e.g. brassica vegetables (cabbage, swede, Brussels sprouts, broccoli),
cassava, maize, lima beans. Goitrogens are inactivated by heating.

Toxicity High intakes can cause hyperthyroidism and toxic modular
goitre; there is a weak relationship between persistently high intakes and
thyroid cancer. The safe upper limit is 17 pg/kg/d.
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Table 5.78 Reference nutrient intakes for iodine (ug/d) for all ages
and average daily intakes (ug) for adult men and women provided by
food*

Age RNI
0-3 months 50
4-12 months 60
1-3 years 70
4-6 years 100
7-10 years 110
11-14 years 130
15+ years 140
Average daily intake UK

Men 215
Women 159

* Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.79 Contribution of foods to iodine intake (NDNS)*

Food group % Daily intake
Men Women

Milk & milk products 35 42

Skimmed milk 18 18
Drinks 19 9

Beer & lager 15 3
Cereals & cereal products 12 12
Fish & fish products 11 1

* Henderson, L, Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and ;urinary analytes. HMSO,
London.

Table 5.80 Good food sources of iodine

Milk and dairy products
Sea fish, e.g. haddock, cod
Seaweed

lodized salt
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SELENIUM (Se)

Selenium (Se)

Function

Se is an integral part of over 30 selenoproteins; the most important of

which are:

o glutathione peroxidases, which protect against oxidative damage;

e jodothyronine deiodinases, which are involved in the production
of triiodothyronine from thyroxine;

e selenoprotein P, which is involved in antioxidant and transport
functions.

Measurement Se levels are measured in whole blood. There is con-
siderable geographical variation in concentration: the range for the UK is
0.091-0.120 pg/ml.

Deficiency Deficiency of Se is associated with two endemic causes:

Keshan disease and Kashin—Beck disease.

o Keshan disease—outbreaks in Russia and several parts of Asia; it is
characterized by a cardiomyopathy.

o Kashin—-Beck disease is an endemic musculoskeletal disorder that
has occurred in parts of Siberia and Asia.

o latrogenic causes of Se deficiency include patients receiving TPN,
phenylketonuric patients receiving a semi-synthetic diet. Patients
exhibit symptoms of cardiomyopathy and/or musculoskeletal disorders.

Requirement and intake See Table 5.81 and 5.82. Se intake has ¢
over the last 20 years, due to t consumption of European wheat which is
low is Se, and the average intake is below the recommended intake.
Epidemiological evidence suggests that this may contribute to * risk of
infection and the incidence of some cancers. Interventional studies are
being conducted to establish the functional consequences of small sup-
plements. Due to the potential risk of toxicity self-administration of large
supplements is not recommended.

Sources in the diet See Table 5.83 Lacto-ova vegetarians and vegans
may be at risk of Se deficiency.

Toxicity Acute Se poisoning is characterized by hypersalivation, nau-
sea, vomiting, and garlic-smelling breath. This may be accompanied by
diarrhoea, hair loss, restlessness, tachycardia, and fatigue. Chronic
poisoning (selenosis) is associated with nail and hair changes, skin lesions,
and neurological, effects; numbness, pain, and paralysis may follow. Early
nail changes have been observed at intakes of 900 pg/d and the recom-
mended maximum safe intake is 6 pg/kg/day.
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Table 5.81 Reference nutrient intakes for Se (pg/d) for all
ages and average daily intakes (mg) for adult men and women
provided by food*

Age RNI
0-3 months 10
4—6 months 13
7—12 months 10
1-3 years 15
4-6 years 20
7-10 years 30
11-14 years 45
Men

15-18 years 70
19+ years 75
Women

15+ years 60
Lactation +15
Average daily intake UK 29-39 mg

* Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for
adults, Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition
Survey: adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary
analytes. HMSO, London.

Table 5.82 Contribution of foods to Se intake (MAFF 1995)*

Food % Daily intake
Meat & meat products 15
Bread 15
Fish 12
Milk & milk products 10

* MAFF (1995). MAFF UK—analysis of foods for selenium, MAFF UK Food Surveillance
Information Sheet no. 51, February, 1995. MAFF, London.

Table 5.83 Food sources of Se

Offal

Fish

Brazil nuts

Eggs

Poultry

Meat and meat products
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MAGNESIUM (Mg)

Magnesium (Mg)

Function

e Mgis an integral part of bones and teeth; 60% is found in the skeleton.

o Intracellular energy metabolism; a co-factor for enzymes requiring
ATP, in the replication of DNA, and synthesis of protein and RNA.

e Essential for phosphate transferring systems.

e Muscle and nerve cell function.

Measurement Serum Mg is the most frequently used index of status.
The normal range is 0.7-1.0 mmol/l.

Deficiency

Mg is found in all animal and plant foods and its concentration in the
blood is tightly controlled; a dietary deficiency is unlikely to occur. Low
serum Mg levels occur when there are t renal losses, malabsorption, or
changes in tissue distribution due to disease or use of some drugs, e.g.
diuretics, re-feeding syndrome. Hypomagnesaemia has been associated
with cardiac arrhythmias and cardiac arrest. Very low levels of Mg are
associated with hypocalcaemia.

Requirement and intake See Table 5.84 and 5.85

Sources in the diet See Table 5.86 Hard drinking water may make a
significant contribution to Mg intake.

Toxicity |If renal function is normal hypermagnesaemia is virtually
impossible to achieve by dietary means; it can occur in renal or adrenal
disease. Large quantities of some Mg salts (Epsom salts) are used for
their cathartic effect.
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Table 5.84 Reference nutrient intakes for Mg (mg/d) for all ages and
average daily intakes (mg) for adult men and women provided by food*

Age' RNI
0-3 months 55

4— 6 months 60

7- 9 months 75

10-12 months 80

1-3 years 85

4-6 years 120

7-10 years 200

11-14 years 280

1518 years 300

Men

19+ years 300

Women

19+ years 270

Lactation +50

Average daily intake UK

Men 308

Women 229

* Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, |. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.
T No increment is recommended during pregnancy.

Table 5.85 Contribution of foods to Mg intake (NDNS)*

Food % Daily intake
Cereals & cereal products 27
Breakfast cereals 7
Sugar, preserves, & confectionery 17
Meat & meat products 12
Milk & milk products 1
Potatoes & savoury snacks 10

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.86 Good food sources of Mg

Green vegetables
Pulses & whole grain cereals
Meats
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MANGANESE (Mn)

Manganese (Mn)

Function

e Mn is a component of several metallo-enzymes including arginase,
pyruvate.

o [tis needed for enzyme activity including glutamine synthetase and
various hydrolases, kinases, decarboxylases, and phosphotransferases.

Measurement There is no accepted measurement of Mn status.
Enzyme activity assays have been proposed but none have been accepted
into widespread practice.

Deficiency Deficiency has only been observed in experimental stud-
ies: fingernail growth slowed, black hair reddened, and a scaly dermatitis
developed.

Requirement and intake See Tables 5.87-5.89 No cases of nutri-
tional Mn deficiency have been observed; .. no recommended nutrient
intakes have been made in the UK. Safe levels are shown in Table 5.87.

Toxicity Mn toxicity is low as absorption is + when intake is high and
any that is absorbed is excreted in bile and urine.
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Table 5.87 Safe intakes for Mn for all ages and average daily intakes
(ug) for adult men and women provided by food*

Age RNI

Infants & children >16 pglkg/d
Adults >1.4 mg/d
Average daily intake UK (mg/d)

Men 332
Women 2.69

* Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, . (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.88 Contribution of foods to Mn intake (NDNS)*

Food % Daily intake
Cereals & cereal products 50
Bread 26
Breakfast cereals "
Biscuits, cakes, etc. 5
Drinks 17
Tea 12
Vegetables excluding potatoes 10

* Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey:
adult aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO,
London.

Table 5.89 Good food sources of Mn

Cereals & cereal products
Tea
Vegetables
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MOLYBDENUM (Mo)

Molybdenum (Mo)

Function Co-factor in xanthine oxidase, sulphite oxidase, and
aldehyde oxidase and is .. involved in the metabolism of purines,
pyrimidines, quinolines, and sulphites.

Measurement Mo can be measured in whole blood and serum.
Concentrations in whole blood vary widely although the mean con-
centration is 0.5 pg/l.

Deficiency Dietary deficiency of Mo has been reported in farm ani-
mals but has not been observed in humans, although there is a single case
reported following prolonged TPN. The symptoms included defects in
sulphur metabolism, mental disturbance, and coma. An inborn error
of metabolism results in abnormal production of the coenzyme. It is
characterized by abnormal urinary metabolites, neurological and ocular
problems, and failure to thrive. The genetic expression and symptoms
are varied and in the most severe cases can be fatal at 2-3 years.

Requirement and intake There are no RNIs but safe intakes are
believed to be between 50 and 400 pg/d in adults and 0.5 and 1.5 pg/d in
children. Mean intakes in adults are reported as 0.12 mg/d.

Sources in the diet Offal, nuts, cereals, and bread are good sources.

Toxicity Little data are available for dietary excess, although intakes
>100 mg/kg/d have been reported to cause diarrhoea, anaemia, and high
blood uric acid levels; this is associated with gout.
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CHROMIUM (Cr)

Chromium (Cr)

The essentiality of Cr is widely accepted, although this is still challenged
by some scientists. In nutrition the trivalent state appears to have physio-
logical functions but it is interchangeable with hexavalent Cr.

Function

o Cris believed to be part of an organic complex known as the ‘glucose
tolerance factor’ (GTF), which potentiates the action of insulin. The
evidence for essentiality of Cr comes from observations of patients
receiving TPN who develop diabetic symptoms. The symptoms
respond to Cr treatment but not insulin. Studies on the use of Cr
in the management of type 2 diabetes are not conclusive.

e Cr may participate in lipoprotein metabolism.

Measurement There is no totally reliable measure of Cr. Urinary
excretion, expressed in terms of creatinine, has been suggested as a
measure of chromium status. Hair Cr levels have been used as a measure
of long-term exposure although hair analysis is associated with several
problems.

Deficiency Deficiency in humans has only been observed in patients
receiving long-term TPN. The symptoms included impaired glucose
tolerance, weight loss, neuropathy, elevated plasma fatty acids, depressed
respiratory quotient, and abnormal nitrogen metabolism.

Requirement and intake There are no RNIs for Cr but the theo-
retical requirement extrapolated from balance studies is 25-30 pg/d in
adults. In children the safe intake is believed to be 0.1-1.0 pg/kg/d. The
average daily intake of Cr for adults is estimated as 0.1 mg.1

Sources in the diet The richest sources of Cr in the diet are meat,
whole grains, legumes, and nuts.

Toxicity The trivalent form is not associated with toxicity, but the
hexavalent form is very toxic. Two fatalities have been reported follow-
ing acute ingestion of very large doses of hexavalent Cr as dichromate
(75 mgl/kg) and chromic acid (4.1 mg/kg). Symptoms included gastrointesti-
nal haemorrhages, renal and liver abnormalities. Chronic toxicity is associ-
ated with renal failure, liver failure, haemolysis, and anaemia.

" Ysart, G, Miller, P, et al. (2000). 1997 UK Total Diet Study—dietary exposures to aluminum,
arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, tin and zinc. Food Addit.
Contam. 17, 775-86.
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FLUORINE (Fl)

Fluorine (Fl)

Flis considered semi-essential as it has biological functions but its essen-
tiality is still debated.

Function Flouride has a role in bone mineralization and protects
against dental caries.

Deficiency Low intakes are associated with 1 incidence of dental caries.

Requirement and intake See Table 5.90-5.92. There are no RNIs
for Fl although safe intakes are given in Table 5.90 Total intakes depends
on the level of fluoridation in water consumed. 10% of water in the UK is
fluoridated or has a natural content above the recommended fluoridation
rate of 1 ppm. A recent report (2006) by the FSA reports findings from
the 2004 Total Diet Study.

Toxicity Intake 3-5 times the normal intake is mildly toxic. Tooth
mottling occurs in mild toxicity and chronic excess (10 mg/d) causes joint
and bone abnormalities.
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Table 5.90 Safe intakes of Fl (mg/kg/d)

Age Safe intake
0-6 months 0.22
612 months 0.12
>1 year 0.05

Table 5.91 Mean adult intakes of Fl (mg/d).

Intake

Non-fluoridated water areas  1.82

Fluoridated water areas* 2.90

* Assumes an average daily intake of 1.1 [ daily.

Table 5.92 Sources of 1 mg Fl

1 L water (fluoridated at 1 ppm)

1 Fl tablet

1 g Fl toothpaste (accidental consumption)

5 ml Fl mouthwash (accidental consumption)
2-3 cups of tea (depends on strength)

1400 g cooked spinach

250 g tinned sardines
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Electrolytes: introduction

The monovalent electrolytes are Na, Cl, and K.
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SODIUM (Na)

Sodium (Na)

An adult male (70 kg) has total body Na of 4 mol (92 g); 2000 mmol is in
extracellular fluid (ECF), 1500 mmol in bone, and 500 mmol in intracellular
fluid.

Function

o Cation in extracellular fluid.

e Regulation of blood pressure and transmembrane gradients.
e Acid-base regulation.

o Electrophysiological control of muscles and nerves.

Measurement Na is easily measurable in plasma, with a normal
range of 135-150 mmol/l.

Deficiency Na losses requiring repletion can result from excess
sweating in extreme conditions of heat and exertion.

Requirement and in take see Table 5.93.

Sources in the diet

Na is present in many food additives, e.g. monosodium glutamate, but
most Na in the diet is present as salt (NaCl). Levels are comparatively low
in unprocessed foods. Salt is added to food as a preservative and flavour
enhancer; it can also be used as a fermentation control agent in bread
making, texturizer, binder, and colour developer. 3 g salt * 1.2 g Na.

Toxicity It is a strong emetic but excessive oral loads of Na are
potentially fatal. Artificial intravenous load has severe and rapid effects.
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Table 5.93 Reference nutrient intakes for Na mg/d (mmol/d) for
all ages and average daily intakes of Na(mg/d) and NaCl (g/d) for
adult men and women provided by food (NDNS)*

Age RNI
0-3 months 210 (9)
4-6 months 280 (12)
7-9 months 320 (14)
10-12 months 350 (15)
1-3 years 500 (22)
4-6 years 700 (30)
7-10 years 1200 (50)
11-14 years 1600 (70)
15-50+ years 1600 (70)
Average daily intakes UK
Na NaCl
Men 3313 8.4
Women 2302 5.9

* Source for RNIs, Department of Health (1991). Dietary reference values for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.
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SODIUM (NA)

Health implications of excess consumption

Excess Na intake has been linked to hypertension and heart disease.
SACN has recommended that salt intake targets should be:

e 0-6 months, < 1 g/d;

7-12 months, 1 g/d;

1-6 years, 2 g/d;

7-14 years, 5 g/d;

>15 years, 6 g/d.

N.B. Na can roughly be converted to NaCl by multiplying by 2.5.

FSA is working with food manufacturers to reduce the Na content of
processed foods. Table 5.94 shows foods high in salt. A public awareness
campaign ‘Sid the slug’ was initiated in 2005; more information is available
at the FSA salt information web site (www.salt.gov.uk). The FSA has
recently published voluntary salt reduction targets to encourge food
manufacturers and retailers to reduce the amount of salt in a wide range
of processed foods. Details can be found an the FSA website
(www.food.gov.uk).

Clinical restriction of Na

Some disease states, e.g. renal disease, require the restriction of Na. The
level of restriction can be classified.

e No added salt: 80-100 mmol Na/d.

e Low salt: 40 mmol Na/d.

e Low Na: 22 mmol Na/d.


www.salt.gov.uk
www.food.gov.uk
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Table 5.94 Foods high in salt*

Foods where some brands/recipes are high in salt

Baked beans
Breakfast cereals
Hot chocolate
Ready meals

Tinned spaghetti

Biscuits - sweet and savoury

Cooking sauces

Pizza

Soup

Tinned vegetables and pulses (with added salt)

Foods that are usually high in salt

Anchovies

Cheese

Crisps

Olives

Pretzels Salted and dry
roasted nuts

Sausages

Soy sauce

Yeast extract

Bacon

Chips (if salt added)
Gravy granules
Pickles

Salt fish
Smoked meat and fish

Stock cubes

* Based on information from the Food Standards Agency, available at: www.salt.gov.uk.
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POTASSIUM (K)

Potassium (K)

Function Intracellular cation that is involved in acid-base regulation,
electrophysiology of nerves and muscles, and is essential for the cellular
uptake of molecules against concentration and electrochemical gradients.

Measurement Normal plasma concentration is 3.5-5.0 mmol/l. Over
95% of total body K is found in cells; an adult male contains 40-50
mmol/kg (1.6-2.0 g/kg).

Deficiency Lack of K alters the electrophysiology of cell membranes
and causes muscle weakness. In cardiac muscle this leads to arrhyth-
mias and cardiac arrest. Motility is lost in the intestine and mental de-
pression and confusion can develop. Dietary deficiency of K is very
unlikely as it is found in all foods. Causes of K depletion are shown in
table 5.95.

Requirement and intake See Table 5.96-5.98.

Toxicity Toxicity due to dietary excess is unlikely. Acute intakes
of supplements exceeding 17.6 g (450 mmol) may cause symptoms of
hyperkalaemia. Hyperkalaemia causes paraesthesiae around the mouth
and muscle weakness although these symptoms may be absent. There is
a risk of cardiac arrest.

Table 5.95 Causes of K depletion

Gastrointestinal causes
Diarrhoea

Vomiting

Small bowel or gastric drainage
Ureterocolic anastomosis
Purgatives

Urinary losses

Chronic acidosis or alkalosis

Osmotic diuresis, e.g. uncontrolled diabetes
Renal disease (tubular)

Diuretic drugs

Steroid excess (Cushing’s disease, primary and
secondary hyperaldosteroidism)
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Table 5.96 Reference nutrient intakes for K mg/d (mmol/d) for
all ages and average daily intakes (mg) for adult men and women
provided by food*

Age RNI

0-3 months 800 (20)
4— 6 months 850 (22)
7-12 months 700 (18)
1-3 years 800 (20)
46 years 1100 (28)
7-10 years 2000 (50)
11-14 years 3100 (80)
15-50+ years 3500 (90)
Average daily intakes UK

Men 3367
Women 2653

* Source for RNIs, Department of Health (1991). Dietary reference value for food and
nutrients for the United Kingdom. HMSO, London; source for average daily intakes for adults,
Henderson, L., Irving, K., and Gregory, J. (2003). The National Diet and Nutrition Survey: adults
aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO, London.

Table 5.97 Contribution of foods to K intake (NDNS)*

Food group % Daily intake
Potatoes and savoury snacks 18
Meat & meat products 15
Drinks 15
Cereals & cereal products 13
Milk and milk products 13
Vegetables (excluding potatoes) 10

* Henderson, L., Irving, K., and Gregory, . (2003). The National Diet and Nutrition Survey:
adults aged 19 to 64 years. Vol. 3. Vitamin and mineral intake and urinary analytes. HMSO,

Table 5.98 Rich food sources of K

Fruit especially bananas, apricots, blackcurrant, rhubarb, fruit juices
Vegetables especially potatoes and potato snacks

Chocolate, cocoa, and chocolate products

Coffee and coffee products

Malted milk drinks

Yeast extracts and spreads, tomato ketchup, stock cubes, bottled sauces
Table salt substitutes

161



162

CHLORINE (Cl)

Chlorine (Cl)

Total body Clis ~33 mmol (1.2 g)/kg. 70% is in ECF.

Function Clis the anion to the cations Na and K.
Measurement Normal plasma concentration is 97—107 mmol/l.

Requirement and intake There are no specific DRVs for Cl; it is
recommended that Cl intake should equal Na intake in molar terms. The
average intakes of Cl in foods are 4995 mg/d for men and 3481 mg/d for
women.

Sources in the diet Clis usually consumed with Na as salt (NaCl).
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FLUID BALANCE

Fluid balance

The human body is mainly water; a 70 kg man is comprised of approxi-
mately 45 | water. 72% FFM is water.

o Total body water, 45 .

e ECF 15 L

e ICF, 301

ECF is comprised of plasma and interstitial fluids. The monovalent electro-
lytes, Na, Cl, and K, determine the body’s osmolality and their distribution
determines the volume of ECF and ICF. ICF, plasma, and interstitial fluids
are separated by semi-permeable membranes and are interdependent.
Movement of fluid between the compartments is controlled by plasma
osmolality and hydrostatic pressure gradients.

Regulation of fluid balance

Fluid balance is under tight homeostatic control and fluctuates by <1%
per day despite large variations in fluid intake. Normally the osmolalities
of plasma and interstitial fluids are similar. Plasma osmolality reflects
serum Na which reflects total ECF.

Plasma osmolality

t in plasma osmolality — thirst and the hypothalamus will be stimulated
to t antidiuretic hormone (ADH). This leads to reabsorption by the
distal tubules of the kidney which corrects the osmolality. ¥ plasma
volume can also — raised osmolality which causes aldosterone to be
released. This t Na and water retention.

Hydrostatic pressure

Plasma volume is also controlled by hydrostatic pressure. At the arterial
end of the capillaries blood pressure is exerted but less osmotic pressure
is exerted by plasma proteins resulting in the movement of fluid out into
the interstitial fluid. At the venous end of the capillary the process is
reversed and fluid passes back into plasma.

Water balance (Table 5.99)

Thirst

Thirst usually plays only a small role in fluid balance of normal subjects.
Fluid is usually consumed for reasons other than thirst, e.g. habit and
customs. Local drying of the mouth and throat will also cause thirst, e.g.
public speakers often require water to lubricate the mouth and throat.
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Table 5.99 Causes of dehydration*

Reason

Cause

Increased fluid losses

Patients with tracheotomies or on ventilators
Diarrhoea and/or vomiting

Stomal losses

Wound or burn exudates

Pyrexia

Diabetes insipidus

Diabetic ketoacidosis

Prolonged use of diuretics

Patients receiving high protein high osmolar
diets

Lack of awareness or inability
to express the need for fluid

Patients who are unable to communicate,
e.g. stroke

Low fluid intake

Poor food intake, e.g. anorexia, depression.
Apathy, chronic illness, physical immobility, etc.
Eating difficulties

Swallowing difficulties

Deliberate fluid restriction to avoid
incontinence

‘Nil by mouth’ regimens

* Reproduced from B Thomas (2001). Manual of Dietetic Practice, table 2.18, p191. Permission

requested from Blackwell Publishing.
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FLUID BALANCE

Fluid losses

Fluid output in urine is controlled by the kidneys but there are also
insensible water losses through the skin and lungs and in faeces.

Sweat glands secrete water in sweat, which evaporates from the skin.
This evaporation cools the skin. Water is also lost directly through
the skin. 500-750 ml/d of fluid is lost through the skin and t in fever
and extreme temperatures or exertion. * in 1°C in body temperature
will * fluid requirements by 500 ml/d/

Healthy adults pass 50-400 g/d of faeces and approx. 75% of this will
be fluid.

Expired air contains 44 mg water /l and this will be t in fever, t
respiration rates, and by reduced water content of inspired air,

e.g. high altitudes.

Fluid requirements

The amount of fluid consumed is very variable. In normal conditions 30-35
ml/kg body weight is required daily. In some disease states, i.e. cardiac,
hepatic, and renal disease, it may be necessary to restrict fluid intake to
prevent fluid overload (see Chapters 19, 23, and 24).
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FOOD LABELLING

Food labelling

Food labelling in the UK is controlled by Food Labelling Regulations
(1996) and later amendments and more recently by European laws.
Legally these regulations fall under the Food Safety Act of 1990. In the
UK foods sold loose are exempt from many labelling regulations.

Information required by law

Product name

This must be clearly stated and products with ‘made up’ names must give a
description of the food. If the food has undergone processing, e.g. ‘smoked’,
the process must be stated. The name must also distinguish between similar
products. For example, ‘orange drink’ must contain oranges while ‘orange
flavoured drinks’ can be made with artificial flavourings.

Ingredient list and quantity

The net quantity of a food must be present unless it is <5 g. Ingredients
are listed in descending order of weight. All ingredients including addi-
tives and water must be listed. A compound ingredient that does not
constitute more than 25% of the final product, e.g. pepperoni on a pizza,
did not have to be listed until recently. New European Union regulations,
which will affect the UK, came into force in 2004, with a year’s transition
period, and ingredient lists must be comprehensive and the presence of
the specified allergens must be indicated (see Table 6.1).

Quantitative ingredient declaration (QUID)

An ingredient that is featured in a photograph or drawing on a pack or in
the description of the product, e.g. potatoes in cheese and potato pie,
must state the quantity of the ingredient declared as a percentage. This is
required by European Union labelling law and is known as quantitative
ingredient declaration (QUID).

Allergenic ingredients

From November 2005 food and drink labels must state clearly if they
contain ingredients to which people may be allergic or intolerant. The
manufacturer will also have to make it clear if, ingredients are made of
the allergens, e.g. it is not enough to state ‘glaze’; under new regulations
the label must state ‘glaze made from eggs’.

Shelf life

Labels must give information on how long the product will last once it
has been bought or opened. This information is intended to ensure the
safety and quality of the food and to prevent food poisoning. The ‘use-
by’ label must be used for perishable foods such as cooked meats,
which deteriorate and can be dangerous to health after a relatively
short period. ‘Best before’ must be expressed as a day, month, and
year and is used to indicate that a food’s flavour, colour, or texture
may not be at its best beyond this period although it is probably still
safe to eat. For products with a shelf life longer than 3 months ‘Best
before end’ is used. ‘Display until’ is not required by law but is used by
retailers to alert staff to the need to remove products from sale. Wine
and spirits do not have to be date marked.
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Table 6.1 Allergenic ingredients that must be listed

Celery

Cereals containing gluten—wheat, rye, oats, barley

Crustaceans, e.g. lobster, crab

Milk

Eggs

Fish

Mustard

Soybeans

Peanuts

Nuts—almonds, pistachios, brazil nuts, walnuts, hazelnuts, cashews,
pecans, macadamia nuts

Sesame seeds

Sulphur dioxide and sulphites at levels above 10 mg per kg or litre.
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FOOD LABELLING

Storage instructions

Details must be given on the conditions needed to ensure freshness.
Following the instructions should ensure that the product’s appearance
and taste are optimum and prevent spoiling too quickly, so minimizing
the risk of food poisoning.

Name and address of manufacturer, packer, or seller These must be
stated on the package so that the consumers have a point of contact if
they want to make a complaint or need more information.

Country of origin ~ The label must clearly state where the food is from
if it would be misleading not to show it, e.g. French onion soup made
in Scotland.

Weight or volume

The volume or weight of the product must be shown on the label. This
enables consumers to compare the value of different brands. The symbol
‘e’ shows that the weight complies with EU requirements in that the
average pack is at least the declared weight. Some foods, e.g. butter, tea,
are sold only in standard amounts. Products that weigh <5 g do not have
to have a stated weight.

Instructions for use

Instruction on how to prepare and cook the product must be printed on
the packaging when necessary. Oven temperature and cooking time are
stated if the product needs heating; instructions on microwave cooking
may also be given. The instructions are given so that the food can be
consumed at its best and to reduce the risk of food poisoning by usually
heating to a core temperature of 75°C.

Genetically modified (GM) ingredients

EU regulations mean that foods that contain genetically modified organ-
isms (GMO) or ingredients made from GMOs must indicate their pres-
ence on the label. Foods produced using GM technology and animal
products from animals fed GM feed do not have to be labelled. Loose
GM food must be displayed next to information that states that it is
genetically modified.
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Nutrition information labelling

Food manufacturers are not required by law to display nutrition labelling.
If a nutrition claim, e.g. high fibre, is made this must be supported by
nutrition information on the label. Labels may state recommended daily
amounts or guideline daily amounts. EU regulations allow two nutrition
labelling systems. The first system requires that the energy content of the
food be given in kilojoules (kJ) or kilocalories (kcal) and the amount, in
grams (g), of protein, carbohydrate, and fat per 100 g or 100 ml; manufac-
turers may also show values per item or average serving. The second
system supplies these details together with information on sugars, fibre,
Na, and saturated fat. Details on starch, monosaturated fat, polyunsatu-
rated fat, cholesterol, and some minerals and vitamins if they are present
in significant amounts may also be given.
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FOOD LABELLING

Nutrition claims

A nutrition claim is any information other than nutrition labelling that
implies or states that a food contains, or has a high or low amount of a
nutrient. Nutrition labelling must be given if a nutrition claim is made.
Nutrient (content), nutrient function, or comparative claims are permis-
sible but in the UK health claims should be substantiated by the Joint
Health Claim Initiative (JCHI). Details of substantiated claims can be
found on the JHCI web site (www.jhci.co.uk). Nutrient claims refer to
the presence of a nutrient, e.g. source of Fe. Nutrient function claims
refer to the physiological function of the nutrient, e.g. helps children
develop strong bones. Comparative claims use terms such as ‘lower’ or
‘higher’ quantities of a nutrient when comparing foods, e.g. contains 25%
more Fe.

Terms such as ‘low’, ‘lite’, ‘light’, or ‘high’ are not defined under the
current legislation but new EU legislation will provide definitions and ban
statement such as ‘% fat free’ or the term ‘diet’. The Food Standards
Agency’s (FSA) guidelines on nutrition content claims for sugars, fat,
saturates, and sodium (salt) are shown in Table 6.2. Table 6.3 shows the
FSA guidelines on fibre.

Organic

In the UK the Department for Environment, Food and Rural Affairs

(DEFRA) regulates the bodies that can certify organic producers and

manufacturers. 75% of certification is administered by the Soil Associa-

tion. Organic food products can be sold in two categories:

e Category 1: Organic. Must contain at least 95% of organic ingredients
by weight and can be labelled ‘organic’.

e Category 2: Special emphasis. Product contains 70-95% organic
ingredients by weight and can be labelled as ‘made from organic
ingredients’.

Organic food cannot legally contain GM or irradiated foods.


www.jhci.co.uk
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Table 6.2 FSA guidelines on nutrient content claims

Low No added Free
Sugar (s) <5 g per 100 g or No sugars or foods ~ <0.2 g per 100 g
100 ml composed mainly of  or 100 ml
sugars added to the
food or any of the
ingredients
Fat <3 g per 100 g or <0.15 g per 100 g
100 ml or 100 ml
Saturates <1.5 g per 100 g or <0.1 g per 100 g
100 ml and not more or 100 ml
than 10% of the total
energy content of the
product
Na/salt <40 mg Na per 100 g No salt or Na added <5 mg Na per

or 100 ml

to the foods or
any of its ingredients

100 g or 100 ml

Table 6.3 FSA guidelines on nutrient content claims for fibre

Source

Increased

High

3 gper 100 g or

100 ml or at least 3 g
in the reasonable
expected daily
intake of the food

>25% more than a similar

food for which no claim is

made and more than 3 g in
either the reasonable daily
intake of a food which is

lower than 100 g or 100 ml
orin 100 g or in 100 ml

>6 g per 100 g or

100 ml or at least 6 g
in the reasonable daily
intake of the food
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Guideline daily amounts (GDAs)

Some pre-packaged foods provide information about GDAs. GDAs are
derived from the EARs for energy for men and women, aged 19-50 vy,
normal weight and fitness. The values for fat and saturated fatty acids are
derived from DRVs and salt is based on SACN recommendations. They
are intended as a guide for the consumer when comparing products.
Revised GDAs (Table 6.4) were published by the Institute of Grocery
Distribution (IGD) in 2005. GDAs are now available for children. Further
details are available from the IGD web site (www.igd.com).


www.igd.com
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Table 6.4 Guideline daily amounts (GDAs) for adults as used in UK

(IGD 2005)*

GDA

Women Men
Energy (kcal) 2000 2500
Fat (g) <70 <95
% Total energy <33 <33
Saturates (g) 20 30
% Total energy 10 10
Total carbohydrate (g) 230 300
% Total energy >47 >47
FTotal sugars (g) <90 <120
% Total energy <19 <19
NMES (g) <50 <65
% Total energy <10 <10
NSP/fibre (g) >18 >18
Salt (g) 6 6

*1GD (2005), GDAs—Technical working Group report, IGD, London.

I For labelling use.

NMES, Non-milk extrinsic sugars.
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Functional foods and nutraceuticals

e Functional foods are foods with health-promoting benefits or
disease-preventing properties above their nutrient value.

o Nutraceuticals are foods for which a claim is made for a specific
health benefit; they are often sold in the form of a drug, such as a
pill or capsule

Many nutrients and foods have nutrient or health claims as functional
foods or nutraceuticals but the claims are not always proven. There is
currently no law that controls these claims. It is generally accepted that
health claims such as ‘can help lower cholesterol as part of a low fat diet’
can be made if the claim is supported by scientific research and is not
misleading (see ‘Food labelling’, this chapter). Functional or ‘novel’ foods
must go through a safety approval process before they are launched.
Products that were on sale before 1997 do not have to undergo this
process. In the UK the Joint Health Claims Initiative has established guid-
ance on a voluntary scheme for health claims (www.jhci.co.uk).

Examples of functional foods

Cholesterol-lowering spreads

These spreads contain plant sterols and stanols (saturated sterols) and
have been shown to reduce the amount of cholesterol absorbed. They
have been shown to lower LDL cholesterol by 10-15% after a few weeks
of use. In Australia and New Zealand all plant products with sterols,
apart from margarine, have been banned as there was no evidence that
high intakes are safe. The Australia and New Zealand Food Authority
also require spreads to carry a warning that they are not appropriate for
infants, children and pregnant and breastfeeding women as they may
interfere with the absorption of beta carotene. At the moment such
spreads are expensive compared with normal margarine or butter.

Omega 3 (n 3 or @ 3) enriched eggs and dairy products Fish oils
containing omega 3 fatty acids have been shown to have several health
benefits (see ‘Fats’ in Chapter 5). The incorporation of these oils into
hen’s eggs or dairy produce offers alternative food sources for people
who dislike fish.

Isoflavins ~ Soya beans are incorporated into foods and sold as supple-
ments as a source of isoflavins. The health benefits of isoflavins are
discussed in ‘Food supplements’, this chapter.


www.jhci.co.uk
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Food fortification

Some foods are supplemented with nutrients for their benefits above
normal health benefits. In the UK flour is fortified with Ca and margarine
is fortified with vitamins A and D.

Folate fortification
Folate is frequently added to cereals and there is considerable debate in
the UK as to whether or not to fortify all flour and flour products. Flour
is fortified with folate in USA, Canada, and Chile. The arguments for and
against folate fortification are as follows.
o Arguments for the fortification of flour with folate:
« prevention of neural tube defects;
. low folate status is associated with elevated homocysteine
which is a risk factor for cardiovascular disease and is linked
to some cancers including colon and breast cancer.
e Arguments against the fortification of flour with folate:
« there is uncertainty about the bioavailability of folate;
« consumer choice;
« high consumption of folic acid may mask the diagnosis of vitamin B+,
deficiency in the elderly.
A recent SACN report has recommended the supplementation of
flour in the UK although this has not been ratified by the government.
See SACN website for current status (www.sacn.org.uk).


www.sacn.org.uk
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Probiotics

It is estimated that there are 10" bacteria in the human gut and claimed
that ingestion of probiotic bacteria improves the balance of bacteria in
the gut and thereby reduces the risk of disease. Probiotic bacteria are
often described as ‘healthy’ or ‘friendly’ and are not potentially patholog-
ical bacteria. Probiotics are taken as foods, usually yogurt, and are pre-
sent as ‘live’ bacteria which are taken in doses of million colonies. Table
6.5 lists some of the most frequently used probiotic bacteria. Some
research has been conducted on the benefits of probiotics although this
is limited and conducted mainly in specific disease states. More research
is needed, particularly on the use of probiotics by healthy people.

&~ Suggested benefits of taking probiotics for which some evidence is
available:

e improving symptoms of lactose intolerance;

reduction in susceptibility to stomach allergies;

control of irritable bowel symptoms;

inhibition of Helicobacter pylori, which is responsible for the formation
of some peptic ulcers;

e alleviation of some diarrhoea.

Prebiotics

A prebiotic is a food that is not digested by the gut and that stimulates
growth of certain bacteria in the colon. Ingredients that have prebiotic
properties are inulin and fructo-oligosaccharides (FOS).
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Table 6.5 Frequently used probiotic bacteria

Lactobacillus acidophilus
Lactobacillus rhamnosus
Lactobacillus bulgaricus
Lactobacillus salivarius
Lactobacillus casei
Lactobacillus sporogenes
Bifidobacteria bifidum
Bifidobacteria longum
Bifidobacteria infantis
Streptococcus thermophilus
Homeostatic soil organisms
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Food supplements

Food supplements are defined by EU law as ‘foodstuffs the purpose of
which is to supplement the normal diet and which provide concentrated
sources of nutrients (vitamins and minerals) or other substances with a
nutritional or physiological effect, alone or in combination, marketed in
dose form ... designed to be taken in measured small unit quantities’.
The growing interest in diet and health has stimulated t in the market for
dietary supplements. In 1991, the market for dietary supplements was
£194 million and this had risen to £362 million in 2004. The range of
supplements available in health food shops, chemists, and supermarkets is
growing with vitamins, minerals, fish liver oils, and evening primrose oil
being the most popular. In 2003, 40% of women and 29% of men
reported taking supplements in the UK.

Health information

The average diet in UK supplies adequate vitamins and minerals to pre-
vent deficiency and for the majority of people supplements are not nec-
essary. Vulnerable groups, e.g. vegetarians and pregnant women, may
benefit from supplements. There is little evidence to support the blanket
use of supplements. There are a few well established cases, e.g. additional
folate in pregnancy. Most supplements are bought over the counter and
are self-prescribed.

The range of nutrition supplements is vast and cannot be adequately
covered in this format. Information on the health benefits of specific
supplements can be obtained from the National Institute of Health's
(USA) Office for Dietary Supplements (www.ods.od.nih.gov/).

Micronutrient supplements

In 2003, the Expert Group on Vitamins and Minerals published its report on
the safety of vitamins and minerals in food supplements and fortified foods.
Safe upper limits were set for all vitamins and most minerals. The full report
can be found at www.food.gov.uk/multimedia/pdfs/vitamin2003.pdf.

Regulation

Food supplements fall between medicines and foods and it is difficult to
regulate their marketing. In 2002 the EU issued the Food Supplements
Directive and the directive and regulations have applied since August
2005. The directive lists vitamins and minerals that can be used in sup-
plements. It excludes tin, silicon, nickel, boron, cobalt, and vanadium.
A second list gives details of the chemical forms that may be used. These
forms are considered safe. Manufacturers are required to set maximum
doses.


www.ods.od.nih.gov/
www.food.gov.uk/multimedia/pdfs/vitamin2003.pdf
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Labelling

Manufacturers must not make claims referring to the prevention,

treatment, or curing of diseases or refer to such properties. The label

must display:

o Names of the nutrients and substances;

o Portion required for daily use;

e Warning not to exceed stated dose;

e Statement to the effect that supplements should not replace
a varied diet;

e Statement that the product should be stored away from children;

e [t should not be implied that a balanced and varied diet cannot provide
adequate amounts of nutrients;

e Amounts of nutrients available in the recommended dose.

Clinical supplements A range of supplements are available for
clinical use, e.g. high energy drinks, which are prescribed or recommended by
health-care professionals.
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Alcohol

The alcohol present in alcoholic drinks is ethanol (ethyl alcohol),
C,HsOH. Ethanol is produced by the fermentation of glucose in plants.
Sugars in grapes and apples are fermented to produce wine and cider;
barley starch is hydrolysed to glucose in the production of beer. Other
fruits and cereals are used to produce alcoholic drinks, e.g. rice for sake
and rye for whisky. The resultant alcohol is diluted to produce the
appropriate alcohol content of drinks. By law, drink labels must show the
strength of alcohol present; this is expressed as the percentage alcohol
by volume (abv). 10% abv is equivalent to 7.9 g of alcohol per 100 ml.

Ciders and beers 4-6% abv

Wines 9-13% abv
Fortified wines 18-25% abv
Liqueurs 20—40% abv
Alcopops 4-13% abv
Spirits, e.g. gin 40% abv

Low alcohol and strong variations of some drinks are now produced. Other
substances are added to provide flavour such as juniper berries in gin and
hops in beer. Alcoholic drinks may also contain sugars, small amounts
of other alcohols, e.g. propyl alcohol, potassium, and small amounts of
riboflavin and niacin. In the UK 1 unit of alcohol drink contains 8 grams or
10 ml of pure alcohol (see Table 7.1). Other systems are used by other
countries.

Alcohol metabolism

Ethanol is quickly absorbed in the stomach and jejunum and distributed
throughout total body water including blood. Alcohol is distributed via
the blood to the brain and the liver where it is metabolized by alcohol
dehydrogenase (ADH) to acetaldehyde which is converted to acetate by
the enzyme aldehyde dehydrogenase (ALDH). ADH is the rate limiting
step in the metabolism of alcohol and there is a great deal of variation
between individuals in their ability to metabolize alcohol. On average
approximately 5-10 g of alcohol (1/2—1 unit of alcoholic drink) is metabo-
lized per hour. The stages of alcohol intoxication are shown in Table 7.2.
Alcohol absorption can be slowed by the presence of food in the stom-
ach. Smaller people have smaller livers and ... metabolize alcohol more
slowly; women have smaller livers than men and ... become intoxicated
more quickly. Disulfam (Antabuse) antagonizes ALDH and is a drug used
to treat alcoholism. The build up of acetaldehyde leads to headache,
nausea, and vomiting. Alcoholics have an induced system of alcohol
metabolism known as the microsomal ethanol-oxidizing system (MEOS);
this system is thermogenic. Some alcohol is excreted in breath, which
provides an easy monitor of alcohol intoxication.
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Table 7.1 Drink measures equivalent to 1 unit of alcohol

Drink Bar measure ml
Spirit, e.g. whisky, gin, vodka | single optic measure 25
Sherry or fortified wine, e.g. port 1 small glass or schooner 50
or vermouth

Wine 1 small glass 125
Strong lager, beer, cider Ya pint 142
Ordinary strength lager, beer, cider % pint 284
Low alcohol lager, beer, cider 2 pints 1136

Table 7.2 Stages of acute alcohol intoxication

Blood alcohol Stage Effects

concentration

(mg/100 ml)

Up to 50 Feeling of well being  Relaxed, talkative

50-80 Risky Fine movements and judgement
affected

80 Legal limit for drink driving
prosecution in UK

80-150 Dangerous Slurred speech, balance affected,
blurred vision, drowsiness, nausea
and vomiting

200-400 Drunken stupor Dead drunk, loss of bladder and

bowel control, unconscious

450-600 Death Shock and death
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Nutritional value of alcohol Alcohol is an energy source providing
29 kJ (7 kcal) per gram. Alcoholics do not obtain this level of energy from
alcohol due to the thermogenic nature of MEOS.

Recommendation on alcohol intake In the UK the Department
of Health recommends that men consume no more than 3—4 units of
alcohol /d and women no more than 2-3 units. Standard measures of
drinks providing 1 unit of alcohol are shown in Table 7.1. It is also rec-
ommended that 2 d/wk should be alcohol free.

Alcohol consumption

It is difficult to estimate alcohol consumption due to the social stigma
associated with excessive drinking and the effects of alcohol on mental
capacity. The National Diet and Nutrition Survey' found that on average
men consumed approximately 20-21 units per week and women
consumed 8-9 units per week; this figure was calculated including non-
drinkers. Nearly 40% of men and 25% of women exceeded the recom-
mended intakes, with younger people consuming more alcohol than
older people.

Acute effects of alcohol
The response to alcohol is variable; this variation is due to the extent of
stimulation of the sympathetic nervous system and the rate of production
of acetaldehyde and acetate. The most common effects are t in heart
rate and peripheral vasodilatation. As a result of the peripheral vasodila-
tation some people feel excessively warm and some experience facial
flushing. The psychological and physiological responses to acute alcohol
excess are shown in Table 7.2

Alcohol is a central nervous system depressant and acts as an anaes-
thetic. Diuresis (increased urine production) results from the action of
alcohol on the pituitary gland and leads to dehydration.

Effects of alcohol on health

Light to moderate consumption of alcohol has been shown to have
beneficial health effects in reducing the risk of coronary heart disease in
men and post-menopausal women. The most established mechanism is
that this level of alcohol consumption * plasma high-density lipoprotein.
An additional proposed mechanism is that alcohol ¢ platelet aggregation
and .. ¥ the risk of thrombosis. It has been proposed that polyphenolic
compounds in wines have antioxidant properties that reduce the plasma
levels of low-density lipoproteins.

Excessive alcohol consumption has been linked to *t risk of breast
cancer in women and oesophageal and liver cancer in men and women.
High intakes of alcohol are strongly associated with 1 risk of liver disease.
Hypertension risk is t by high levels of alcohol intake.

1 Henderson, L., Gregory, |., and Irving, K. (2003). The National Diet and Nutrition Surrey: adults
aged 19 to 64 years. Vol. 2. Energy protein, carbohydrate, fat and alcohol intakes. HMSO, London.
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Table 7.3 Physical health problems associated with excessive alcohol

consumption

Body system

Effects

Nervous system

Acute intoxication, dementia,
Wernicke—Korsakoff syndrome,
cerebellar degeneration

Cerebrovascular system

Strokes, nerve and muscle damage

Liver

Fatty liver, cirrhosis, hepatitis, liver failure,
cancer

Gastrointestinal system

Reflux, oesophageal rupture, oesophageal
cancer, pancreatitis, gastritis,
malabsorption

Nutrition

Reduced food intake and absorption
leading to weight loss, obesity in early
stages of heavy drinking

Heart and circulatory system

Arrhythmias, hypertension, heart muscle
damage leading to heart failure

Respiratory system

Pneumonia from inhalation of vomit

Endocrine system

Overproduction of cortisol, hypoglycae-
mia, stimulation of the pituitary to
cause diuresis

Reproductive system

Loss of libido, atrophy of testicles,
reduced sperm count, menstrual
abnormalities
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The harmful physical effects of alcohol abuse are extensive and some
are listed in Table 7.3 Thiamin deficiency can result from chronic,
excessive alcohol intake as thiamin is required for ethanol metabolism
and dietary intake may be poor. This can - Wernicke’s encephalopathy
and Korsakoff's psychosis. Other vitamin deficiencies are rare but do
occur in alcoholics, e.g. folate and vitamin C. Alcohol is estimated to be a
factor in 20-30 % of accidents and has socio-economic consequences
including domestic violence.

Alcohol and vulnerable groups

Pregnant women Alcohol may reduce the ability to conceive and exces-
sive consumption is associated with a greater risk of miscarriage.
Pregnant women are advised not to drink and to consume no more than
2—4 units per week. Excessive alcohol consumption during pregnancy can
— fetal alcohol syndrome which may —» facial deformities and growth
problems (see ‘DRVs and dietary guide lines during pregnancy’ in
Chapter 9).

Diabetes People with diabetes are advised not to drink excessively as this
can - 1 hypoglycaemic episodes.
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Biologically active dietary
constituents

Foods contain many chemicals that have no nutrient value but have
physiological or pharmacological properties; these are often referred to
as ‘phytochemicals’. Some of these chemicals have protective properties
but some are toxic or may become toxic if taken in excess.

Antioxidants and anticarcinogenic phytochemicals
Epidemiological studies have shown that fruit and vegetables have posi-
tive effects on health, particularly the prevention of cancer and heart
disease, due to the presence of the antioxidant vitamins, vitamin C,
vitamin E, and B-carotene, and probably some as yet to be identified
antioxidants or anticarcinogenic compounds. These chemicals prevent
damage to body tissues by free radicals. This group of chemicals includes
the carotenoids, polyphenols, glucosinolates, phytoestrogens, and
sulphides.

Carotenoids

The carotenoids consist of approximately 100 compounds that occur
naturally in plants; they often give fruits and vegetables a yellow or
orange colour. Some can be converted into retinol (vitamin A; see
‘Vitamin A (retionol)’ in Chapter 5); the most important of the
carotenoids for retinol production is [-carotene. Carotenoids act
as antioxidants by reacting with unpaired electrons in free radical and so
neutralizing them. Another carotenoid that has received a lot of attention
is lycopene; 85% of dietary lycopene is derived from tomatoes. Some
studies have shown that lycopene may have anticarcinogenic properties
and reduce the risk of heart disease.

Polyphenols

Phenolic compounds are found in many foods and beverages and act as a

plant’s defence system against animals and insects. Polyphenols are either

antioxidants or potentiate the effects of other antioxidants. The following

chemicals are types of polyphenols.

o Phytosterols are found in seeds and oils and inhibit cholesterol
absorption.

o Flavanoids—over 4000 types have been identified. They are found in

fruits, vegetables, nuts, and seeds. Onions, apples, and black tea are

particular rich sources. Quercetin and catechins are examples of

flavanoids.

Tannins are present in red wines and tea adding colour and flavour.

They are antioxidants but bind to Fe and inhibit Fe absorption.

Phytoestrogens are plant chemicals that are chemically similar to the

animal hormone oestradiol. They compete for oestradiol receptors

and can either 1 or ¢ the effects of oestradiol. Isoflavones are

phytoestrogens that are found in soya beans and products.
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e Soya isoflavones have been shown to have hormonal effects and have

been used to alleviate menopausal symptoms.

Soya isoflavones have been shown to have anticarcinogenic properties

in in vitro studies but the effects are variable in humans. Some studies

have suggested that excessive intakes of isoflavones may in fact be
carcinogenic; .. concentrated supplements are not recommended.

o Sulphides are present in foods such as onion, leek, and garlic. They
have been shown to have anticarcinogenic properties in animal studies.
There is some epidemiological evidence to suggest that sulphides
reduce the risk of colorectal and gastric cancers.

o Glucosinolates are present in plants of the brassica family such as
cabbage, broccoli, kale, Brussels sprouts, and cauliflower. There is
some evidence of anticarcinogenic properties of glucosinolates in
experimental studies but large intakes may actually be carcinogenic;
more studies are required.

Caffeine and methylxanthines
Methylxanthines are a group of chemicals that includes caffeine, theo-
phylline, and theobromine. They occur naturally in foods and drinks such
as tea, coffee, cola drinks, and cocoa product (Table 7.5); they are also
added to ‘energy’ drinks. Caffeine is a mild stimulant although there
is individual variation in this response. It is mildly addictive and abrupt
stoppage of caffeine intake can = mild withdrawal symptoms of head-
ache, fatigue, and irritability. A daily intake of 4-5 cups of coffee is con-
sidered moderate; caffeine intake is dependent on the size of cup, the
fineness of grinding, brewing method, roasting of beans, and type of
coffee beans used. Arabica coffee beans contain less caffeine than
Robusta beans. Tea has higher caffeine content than coffee on a dry
weight basis but less tea is used to produce a drink.
By law drinks containing caffeine in excess of 150 mg/l must carry a dec-
laration in the same part of the label as the name of the food. Caffeine
content, with the amount of caffeine expressed in mg per 100 ml, should
be given to identify high levels of caffeine in some drinks. This law does
not apply to drinks based on tea or coffee, or coffee or tea extract.
Caffeine is a mild diuretic if taken in quantities above that considered
moderate, 4-5 cups per day. The evidence that caffeine reduces fertility
is inconclusive. The Food Standards Agency recommends that pregnant
women should not have more than 300 mg of caffeine per day (see
Chapter 9). Some studies suggest that higher intakes are linked with
miscarriage, low birth weight, and premature delivery. This is disputed by
some researchers who have suggested that high caffeine intake is an
indication of low hormone levels. Many women have a reduced desire
for coffee during pregnancy which is believed to be due to high placental
hormone levels, ... high coffee intake may be a marker of low hormone
levels. The National Childbirth Trust recommends that coffee intake
during breastfeeding should not be stopped but that intake should not
exceed 3—4 cups per day as caffeine passes into breast milk causing the
baby to be restless and agitated (see ‘Breast versus bottle feeding’
in Chapter 10).
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Table 7.4 Caffeine content of beverages

300 mg of caffeine is roughly equivalent to

® 4 average cups or 3 average size mugs of instant coffee
e 3 average cups of brewed coffee

® 6 average cups of tea

8 cans of regular cola drinks

e 4 cans of so-called 'energy' drinks

© 400 grams (8 standard 50 g bars) of plain chocolate

Household measures of caffeine:

o Average cup of instant coffee—75 mg

o Average mug of coffee—100 mg

o Average cup of brewed coffee—100 mg

o Average cup of tea—50 mg

e Regular cola drink—up to 40 mg

o Regular energy drink—up to 80 mg

e Plain bar of chocolate—up to 50 mg. Caffeine in milk chocolate
is about half that of plain chocolate

Decaffeinated brands are not totally free of caffeine but usually contain
<5 mg caffeine per cup; they contain smaller amounts of the other me-
thylxanthines than normal brands.

Theobromine levels are low in beverages except chocolate products.
High cocoa (70% cocoa beans) content brands have higher levels of
caffeine and theobromine than average brands.

Vasoactive amines

Tyramine, histamine, tryptamine, and serotonin are all present in foods
and are normally deactivated in the body. High intakes and intake in
individuals with an impaired ability to deactivate them can — vasocon-
strictive effects. Vasoactive amines can trigger migraine in susceptible
people. People taking monoamine oxidase inhibitor type A drugs may
experience a dangerous hypertensive interaction with vasoactive amine
(see ‘Drug—nutrient interactions’, Chapter 8).
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Food additives

Food additives are substances added to food for technological reasons,
which may be their organoleptic properties. They are classified into
groups according to their purpose. The numbering system is being
adapted for international use by the Codex Alimentarius Commission.
The International Numbering System (INS) will use the same numbers
used within the European Community but without the E prefix. The use
of food additives is controlled by the Food Standards Agency in the UK
and European Scientific Committee for Food (SCF) in Europe. Food
additives must gain approval before their use in food manufacture is
permitted at specified levels. The approval process is lengthy and detailed
with most of the research being funded by the food manufacturer. Some
additives are naturally occurring substances but they must also undergo
safety testing and approval before they can be used in food manufacture.
Approximately 3500 additives are in use today. Additives are used for the
following reasons:

the need to keep foods fresh until eaten so widening food choice and
availability;

convenience of packaging. storage, preparation, and use;

attractive presentation;

economic advantage, e.g. longer shelf life or reduced cost;

nutritional supplementation.

E numbers

E numbers identify permitted food additives regarded as safe for use
within the European Union. Some additives have a number but no E
prefix as they are under consideration by the European Commission.
All food labels must show the additive’s name or E number in the list of
ingredients.

Additive groups

Colourings (E100-180) Food is coloured to restore losses that occur in
manufacture and storage, to meet consumer expectations, and to main-
tain uniformity of products. An example of this is that oranges have green
patches when picked and are coloured orange before sale. Azo, coal tar
based, dyes are frequently linked to food allergy (see Chapter 33). Lists
of natural and synthetic colours are shown in Tables 7.5 and 7.6.

Preservatives (E200-290)'

Preservatives are used to prevent food spoilage and enable the consum-
ers to have a wide range of goods that are available out of the usual
season. Traditional preservatives include salt, vinegar, alcohol, and spices.
Acetic acid is the major component of vinegar and may be considered as
a natural additive but it has undergone extensive testing and has an
E number E260. Benzoic acid and benzoates occur widely in fresh foods,
e.g. peas, bananas, and berries. Although rare, adverse reactions to ben-
zoates have been seen. Commonly used preservatives are shown in
Table 7.7.

1 The preservative lysozyme has the E number, E1105.
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Table 7.5 Examples of natural colours*

Name E number Food use

Riboflavin (yellow) E101 Processed cheese

Chlorophyll (green) E140 Fats, oils, canned & dried
vegetables

Carbon (black) E153 Jams, jellies

a Carotene E160 Margarine & cakes

(yellow/orange)

* Reproduced with permission from Understanding Food and Nutrition, | Webster—Gandy. Part
of the Family Doctor Series Ltd in association with the British Medical Association.

Table 7.6 Examples of synthetic colours*

Name E number Food Use

Tartrazine (yellow) E102 Soft drinks

Sunset (yellow) E110 Orange drinks

Amaranth (red) E123 Blackcurrant products
Erythrosine (red) E127 Glace cherries

Indigo carmine (blue) E132 Savoury food mixes

Green S E142 Tinned peas, mint jelly and sauce

* Reproduced with permission from Understanding Food and Nutrition, | Webster—Gandy. Part
of the Family Doctor Series Ltd in association with the British Medical Association.
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Sulphur dioxide destroys thiamin and .. is not permitted in foods that
are significant sources of thiamies. Sulphur dioxide is used to destroy
yeasts which can cause fermentation in food products.

Nitrates and nitrites kill the bacteria that cause botulism, a potentially
lethal form of food poisoning. They preserve the red colour in meat and
are .. used in meat products. A major source of these chemicals in the
body is fertilizers that use these chemicals. Nitrites may react with other
chemicals in the gut to form nitrosamines which have been shown to
cause cancer in experimental animals. There is no evidence to support
the suggestion that these preservatives play a role in causing cancer in
man.

Antioxidants (E300-322) These additives prevent the unpleasant taste
and smell that occur when fats and oils go rancid. The most widely used
antioxidants are butylated hydroxyanisole (BHA) and butylated hydroxy-
toluene (BHT). They are used in a wide variety of foods. Table 7.8 shows
the permitted antioxidants.

Emulsifiers, stabilizers, thickeners, and gelling agents (E400-495)” These
additives are needed to t the shelf life of some foods and are shown in
Table 7.9. They affect the texture and constituency of products. This is
the largest group of additives and many are natural substances, e.g. carra-
geenan, which is derived from seaweed. Polyphosphates have received a
great deal of attention from consumer groups as they enable products to
retain water so 1 the product’s weight. They are used in products such
as frozen poultry and cured meats.

Sweeteners

Sweeteners are divided into 2 groups:

e caloric sweeteners: mannitol (E421), sorbitol (E420), isomalt (E953),
maltitol (E965), xylitol (E967), and lactitol (E966). These additives add
energy to the diet.

non-caloric sweeteners: acesulfame K (E950), aspartame (951),
cyclamic acid and its salts (E952), saccharine and its salts (E954),
thaumatin (E957), and neohesperidine (E959).

Sucralose and the salt of aspartame—acesulfame are permitted sweet-
eners in the UK but do not have E numbers as they are not fully author-
ized in the European Union. Sucrose, glucose, fructose, and lactose are
all classified as foods rather than sweeteners or additives.

2 Agents with E numbers outside this grouping: lecithins E322, invertase E1103.
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Table 7.7 Commonly used preservatives*

Name E number Food use

Sorbic acid & E200-E203 Cheese, yogurt, soft drinks

derivatives

Acetic acid E260 Pickles, sauces

Lactic acid E270 Margarine, confectionery, sauces

Propionic acid E280-E283 Bread, cakes, flour

& derivatives

Benzoic acid & E210-E219 Soft drinks, pickles, fruit products,

derivatives jams

Sulphur dioxide E220 Soft drinks, fruit products, beer,
cider, wine

Nitrites E249, E250 Cured meats, cooked meats, meat
products

Nitrates E251, E252 Bacon, ham, cheese (not cheddar

or cheshire)

* Reproduced with permission from Understanding Food and Nutrition, | Webster—Gandy. Part
of the Family Doctor Series Ltd in association with the British Medical Association.

Table 7.8 Permitted antioxidants*

Name E number

Food use

Ascorbic acid (vitamin C) E300-E305
& derivatives

Beer, soft drink, powdered
milks, fruit, meat products

Tocopherols (vitamin A) E306-E309
& derivatives

Vegetable oils

Gallates E310-E320 Vegetable oils & fats, margarine

BHA E320 Margarine, fat in baked
products, e.g. pies

BHT E321 Crisps, margarine, vegetable oils,

convenience foods

* Reproduced with permission from Understanding Food and Nutrition, | Webster—Gandy. Part
of the Family Doctor Series Ltd in association with the British Medical Association.
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FOOD ADDITIVES

Table 7.9 Examples of emulsifiers, stabilizers, thickeners, and gelling

agents

Name E Number

Food use

Lecithins (may be used as ~ E322
an antioxidant)

Chocolate, margarine, potato
snacks

Citric acid & derivatives E472c

Pickles, dairy products, baked
products

Tartaric acid & derivatives ~ E472d-f

Baking powder

Alginic acid E400-E405  Ice cream, instant desserts
& puddings
Agar E406 Tinned ham, ice cream
Carrageenan E407 Ice cream
Gums E410-E418  Ice cream, soups, confectionery
Pectin E440 Preserves, jellies
Other additives

These include:

o flavour enhancers, e.g. monosodium glutamate (E621);
o anti-foaming agents that prevent frothing during processing;

o propellant gases, e.g. in aerosol cream.

A full list of E numbers is available from the Food Standards Agency

website http://www.food.gov.uk.
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DRUG-NUTRIENT INTERACTIONS

Drug—nutrient interactions

Both micro- and macronutrients may interact with drug therapy and
these interactions may be positive or detrimental (leading to a failure
of therapy or drug toxicity). Similarly, drugs may interact with the
absorption or metabolism of nutrients. Consequently, nutrition and
dietetic therapy should be viewed alongside drug therapy. In the case of
disorders such as dyslipidaemia, drug therapy should be used in concert
with and not in place of dietary modifications.

@ The scope for nutrient—drug interactions is large but certain therapies
should always cause concern:

e warfarin;

o lithium;

e monoamine oxidase inhibitors (MAQI).

For full information on drug interactions, Stockley’s drug interactions
should be consulted.

Interactions leading to alterations in drug therapy

e Warfarin and vitamin K containing foods: the anticoagulant warfarin

is a vitamin K antagonist and alterations in vitamin K consumption may
alter anticoagulant therapy. For example, * consumption of beetroot,
green vegetables (e.g. spinach), brussel sprouts, lettuce may ¢ the
effects of warfarin. Once patients are stabilized on warfarin they
should avoid major variations in the consumption of these foods.
Potentiation of drug action: inhibition of drug metabolism by

nutrients may t drug effects, e.g.

« Cranberry juice has recently been implicated in deaths through
enhancing the effects of warfarin.

« Grapefruit juice may enhance the actions of Ca channel blockers
(especially nifedipine, felodipine, and nicardipine) used in
hypertension and angina, the antihistamine, terfenadine, and the
immunosuppressant cyclosporin. t plasma concentrations can —
toxicity (especially terfenadine and cyclosporin).

Synergy: fish oils inhibit platelet aggregation and may * bleeding with
antiplatelet drugs (aspirin) and warfarin.

High doses of vitamin E enhance the anticoagulant effects of warfarin.
Lithium and salt: Na influences the excretion of lithium (used in
bipolar affective disorder) such that salt supplements may ¢ plasma
lithium and salt-restricted diets may 1 lithium to toxic levels.

Interactions limiting therapy

e Diuretics and salt: diuretics (such as bendroflumethiazide and
furosemide) used for hypertension and chronic heart failure cause salt
and water excretion. Their beneficial effects may be undone by
consumption of salt in the diet.

" Baxter, K. (2005). Stockley’s drug interactions, 7th edn. Pharmacentical Press, London.
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o Ca or Fe with tetracycline or 4-quinolones: the antibacterials
tetracycline and 4-quinolones (such as ciprofloxacin) should not be
taken at the same time as milk, other Ca®* containing substances,
or Fe as these antibacterials chelate these ions and are not absorbed.

o Levodopa and pyridoxine (vitamin By): the actions of levodopa for the
management of Parkinson’s disease may be reduced by supplements
with pyridoxine. This does not occur when the levodopa is combined
with a dopa decarboxylase inhibitor (e.g. carbidopa).

@ Interactions with potentially serious events:

o Warfarin and vitamin K containing foods: see above.

e Warfarin and cranberry juice: see above.

o Grapefruit juice and terfenadine or cyclosporin: see above.

o ACE inhibitors/AT; receptor antagonists and potassium supplements/
salt substitutes: ACE inhibitors (such as ramipril, enalapril) and AT,
receptor antagonists (e.g. losartan) may cause K' retention and this
may be exacerbated by K” supplements/salt substitutes — to
hyperkalaemia.

e Monoamine oxidase inhibitors (MAOQI) and tyramine: patients
taking MAOI (e.g. phenelzine, moclobemide) for depression (rarely
used nowadays) should avoid tyramine-containing foods (e.g. mature
cheese, yeast extracts, soya bean products, pickled herring, certain
wine) as this may — the ‘cheese reaction’ with a severe * blood
pressure.

o [sotretinoin and vitamin A: isotretetinoin is a retinoid used in acne
and should not be used with vitamin A supplements due to the risk
of a vitamin A overdose.

Drug therapies requiring nutritional supplements
Certain drug therapies may require nutritional supplements to limit adverse
effects.
e Corticosteroids: long term treatment with oral corticosteroids (such
as prednisolone) or (potentially high dose inhaled corticosteroids)
may — to osteoporosis and Ca supplements may be recommended.
Methotrexate: this is a folate antagonist used in rheumatoid arthritis,
Crohn’s disease, anticancer chemotherapy, and psoriasis. Folic acid
supplements may be appropriate to prevent megaloblastic anaemia.
o [soniazid and vitamin Bg: isoniazid (used in tuberculosis) may have
anti-vitamin B, effects —» peripheral neuropathy and so 10 mg
pyridoxine is given.
o Antiepileptic drugs in pregnancy: many antiepileptic drugs are
associated with birth defects and 5 mg folic acid is prescribed to
the risk of neural tube defects. Carbamazepine, phenytoin, and
phenobarbital are associated with t neonatal bleeding (including
intracranial bleeds) and vitamin K is given to the mother from the
36th week in pregnancy and to the baby at birth.
The antimalarial proguanil and pregnancy: 5 mg folic acid
supplementation is required.
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Drug therapy leading to nutritional deficiencies

Certain drug treatments may reduce the absorption of nutrients.

e Colestyramine and orlistat: colestyramine (for hyperlipidaemia or
jaundice) and orlistat may both ¥ the absorption of fat-soluble
vitamins (A, D, E, and K). Supplements may be required and
taken at a different time to the drug.

o Antiepileptic drugs and Ca: enzyme-inducing antiepileptic drugs (e.g.
carbamazepine, phenytoin) may induce the metabolism of vitamin D —»
Ca deficiencies. This may be overcome by vitamin D supplementation.

o Diuretics such as bendroflumethiazide and furosemide, especially when

used at higher doses for chronic heart failure, may —» hypokalaemia

and K" supplements or foods rich in K* such as bananas may be
recommended.

The antidiabetic drug metformin may — { absorption of vitamin By,.

e Methotrexate and folic acid: see above.

Diabetes Insulin and sulphonylureas, e.g. gliclazide and glibenclamide,
may — to hypoglycaemia if meals are skipped or insufficient.

Alcohol and drugs

Alcohol may enhance the action of many drugs acting on the brain (e.g.
antidepressants, benzodiazepines, and antiepileptic drugs) leading to
impaired mental ability and sedation.

It is a misconception that all antibiotics interact with alcohol and, of
the commonly used agents, there is only a significant interaction with
metronidazole which leads to a severe reaction including nausea and
flushing.

Food and drugs

The absorption of many drugs may be retarded by the presence of food
or in some cases enhanced. The presence of food may also reduce any
gastric damage, for example, with nonsteroidal anti-inflammatory drugs
(e.g. ibuprofen and diclofenac). It is for this reason that cautionary labels
such as ‘with or after food’, ‘an hour before food or an empty stomach’,
‘with or after food’ should be followed.

Nutritional status and drug therapy

o Dehydration will enhance the actions of diuretics and other
anti-hypertensives and may — falls in the elderly.

o Protein restrictions may — hypoalbuminaemia. Many drugs are bound

to plasma proteins; this does not necessarily - major changes in

therapy although correction may be required in therapeutic drug

monitoring.

Enteral feeding has the scope for drugs to interact with constituents

of the feed. When changing from a tablet to a liquid preparation (e.g.

digoxin) the bioavailability may be altered and the dose of drug may

need to be changed.
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Metabolic effects of drugs

Some drugs may alter plasma lipid or glucose levels.

e Drugs that may — dyslipidaemia: (3-blockers, corticosteroids, thiazide
diuretics, anabolic steroids, certain anti-HIV drugs, retinoids, and oral
contraceptives containing levonorgestrel.

o Drugs that may affect glucose tolerance: thiazide diuretics,
corticosteroids.

Effects of drug treatment on appetite and feeding

Some drug treatments may affect appetite or eating.

o Anorectic effects: with antiobesity drugs (e.g. sibutramine), digoxin.

o Weight gain: with sulphonylureas, Na valproate, antipsychotic drugs,
corticosteroids, tricyclic antidepressants, insulin.

o Taste disturbances may occur with ACE inhibitors, Ca channel

blockers, anticancer chemotherapy drugs.

Dry mouth: antimuscarinic effects (for example with tricyclic

antidepressants).

e Oral mucositis: this is a common side-effect of anticancer drugs
(especially with alkylating agents, methotrexate, and fluorouracil)
where interference with cell division leads to oral ulceration. This may
be exacerbated by poor oral hygiene. Saline mouthwashes are often
used for relief and in the case of fluorouracil the BNF recommends
sucking ice when it is infused.

o Nausea and vomiting: digoxin, anticancer chemotherapy, opioids
(such as morphine), certain drugs for Parkinson’s disease, SSRIs,
erythromycin, theophylline.

e Gastric irritation: nonsteroidal anti-inflammatory drugs in particular
are associated with gastric damage.

Common herb-drug interactions

Commonly used herbs are not without adverse events and may interact
with conventional medicines. An important example of this is St John’s
wort which is an important enzyme inducer and may reduce the effects

of the following drugs and so concomitant treatment should be avoided.

o Amitriptyline.

o Antiepileptic drugs.

o Certain anti-HIV drugs (protease inhibitors and non-nucleoside
reverse transcriptase inhibitors).

e Cyclosporin.

o Digoxin.

o Oral contraceptives.

o Phenytoin.

e Simvastatin.

e Theophylline.

e Warfarin.

St John’s wort also has serotonergic effects and so may - * serotonergic
side-effects with SSRI antidepressants (e.g. fluoxetine) and triptans (e.g.

migraine treatment).
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Additional herb—drug interactions include:

e dong quai and warfarin: t actions of warfarin;

e echinacea and immunosuppressants: possible immunostimulation
by echinacea may render immunosuppressant less effective and
should be avoided;

e garlic and warfarin: 1 actions of warfarin;

e ginkgo and antiplatelet drugs or warfarin: * bleeding means that
gingko should only be used with caution in patients receiving
these drugs.
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Prescription of nutritional products

All nutritional products within the UK can be bought without a prescrip-

tion, i.e. none are classified as prescription-only medication that can only

be obtained if prescribed by a medical practitioner or other specified
health-care professional. However, some nutritional products may be
prescribed for specific conditions and are then categorized as drugs
rather than food. This facility is important for patients with chronic con-
ditions who may need expensive special products over a long period of
time, e.g. coeliac disease where gluten-free products are required.

Prescribable nutrition products are listed in the British National Formu-
lary, Appendix 7 Borderline Substances, as:

o foods that may be prescribed for clinical conditions, alphabetically
by brand name of products;

e conditions for which foods may be prescribed, alphabetically by
conditions. If a specific condition is not listed, a broader category
should be sought, e.g. Crohn’s disease is not included but
inflammatory bowel disease and intestinal surgery are present.

Doctors prescribing such products are advised to:

e endorse the prescription with ‘ACBS’, i.e. prescribed in accordance
with the guidelines from the Advisory Committee on Borderline
Substances;

e ensure that the patient will be adequately monitored in taking the
products and that, where necessary, expert hospital supervision,
usually by a dietitian, will be available. Good communication between
health-care professionals and patients is required to optimize the
products provided and the cost to the prescribing budget.
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PRE- AND PERICONCEPTIONAL NUTRITION IN WOMEN

Pre- and periconceptional nutrition
in women

Why is preconceptional nutrition important?

A mother’s nutritional status prior to conception, (preconception 3
months before), and immediately afterwards, (periconception 2-3
months after), is critical. The fetus is most vulnerable to nutritional defi-
ciencies in the first trimester of pregnancy, often before a woman realizes
that she is pregnant.

There is evidence that poor maternal nutrition has both immediate
(e.g. low birth weight) and long-term consequences. The so-called ‘fetal
origins’ or ‘Barker’ hypothesis proposes that fetal growth plays a major
role in determining the risk of some dietary related non-communicable
disease, e.g. cardiovascular disease and type 2 diabetes in adulthood.

What dietary changes can the mother make to increase
the likelihood of conceiving and giving birth to a
healthy infant?

e Take folic acid supplements to protect against neural tube defects
(NTDs).'

« To prevent first occurrence of NTD: 400 ug during preconception
and until the 12th week of pregnancy (on prescription or over the
counter).

« To prevent recurrence of NTD: 5000 ug during preconception and
until the 12th week of pregnancy (on prescription only).

e Foods rich in folic acid should be chosen (see box).

Foods rich in folic acid

e Rich sources, >100 ug per serving: Brussels sprouts, kale, spinach

e Good sources, 50-100 pg per serving: fortified bread and breakfast
cereals, broccoli, cabbage, cauliflower, chickpeas, green beans,
iceberg, kidney, lettuce, peas, spring greens

o Moderate sources, 15—15 pg per serving: potatoes, most other
vegetables, most fruits, most nuts, brown rice, wholegrain pasta,
oats, bran, some breakfast cereals, cheese, yoghurt, milk, eggs,
salmon, beef, game

! Expert Advisory Group (1992). Folic acid and the prevention of neural tube defects. Department
of Health, London.



CHAPTER 9 Diet before and during pregnancy 211

o Eat a varied diet. Refer to ‘Balance of good health’ in ‘Food-based

dietary guidelines’ in Chapter 2. The main points are:

« include 5 portions of fruit and vegetables a day;

« eat a variety of different foods from all food groups;

« restrict foods containing too much saturated fat and sugar.

o Achieve and maintain ideal weight at preconception

(BMI 18.5-24.9 kg/m’).

« Weight needs to be stabilized 3 months before attempting
conception.

« Low body fat content of <22% of body weight can prevent

ovulation (average body fat content of post-pubertal

women is 28%).

Obesity (BMI = 30) can inhibit ovulation due to associated changes

in insulin activity and its effect on hormone activity.

Obesity at conception can influence the pregnancy (high blood

pressure, impaired blood sugar metabolism, gestational diabetes;

pre-eclampsia), delivery (preterm delivery; prolonged labour;

unplanned Caesarean), and infant’s health (stillborn fetus; difficulty

initiating and sustaining breastfeeding).

« Underweight (BMI <18.5) at conception can increase the risk of
pre-term delivery and of delivering a low-birth weight infant.

e Reduce alcohol consumption and ideally exclude alcohol.

« Alcohol intake may be associated with decreased fertility and can
affect the growing fetus.
« Binge drinking in particular is not recommended.

o Avoid excessive intake of retinol/vitamin A (B-carotene is not toxic).

« Avoid vitamin A supplements, liver, liver paté, or sausage as retinol
is teratogenic at extreme intakes (8000-10000 pg).

« Avoid drugs that contain vitamin A or its analogues, such as cystic
acne medications (isotretinoin; treinoin).

e Women who smoke should seek support for giving up in preparation

for pregnancy.

e Women should be encouraged to follow the food safety advice for

pregnant women (see ‘Food safety in pregnancy and maternal weight
gain’, this chapter) as a precautionary measure for when conception
occeurs.
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DRVs AND DIETARY GUIDELINES DURING PREGNANCY

DRVs and dietary guidelines
during pregnancy

Dietary recommendations are the same as for a normal healthy diet (see
‘Balance of good health’ in ‘Food-based dietary guidelines’ in Chapter 2)
except for additional requirements for 6 nutrients (see Table 8.1).

Caffeine

May contribute to low birth weight by increasing fetal heart rate,
although evidence is inconclusive. Tea, coffee, cocoa, and cola-type drinks
are advised in moderation (<4 cups a day of these combined, equivalent
to <300 mg/day). Suggest decaffeinated tea and coffee or other alterna-
tives, such as fruit tea, fruit juice, or water. Tea and coffee also reduce
iron absorption.

The following contain ~300 mg of caffeine:

3 mugs of instant or brewed coffee (100 mg each);

4 cups of instant coffee (75 mg each);

3 cups of brewed coffee (100 mg each);

6 cups of tea (50 mg each);

8 cans of cola (up to 40 mg each);

4 cans of ‘energy drink’ (up to 80 mg each);

8 (50 g) bars of plain chocolate (up to 50 mg each). Caffeine in milk
chocolate is about half that of plain chocolate.

Alcohol

Current optimal advice is abstinence in pregnancy, especially important in
the first trimester; however, occasional drinking of small quantities, i.e.
<4 units/week but no more than 2 units at any ‘sitting’ (see Table 7.1 in
‘Alcohol’, Chapter 7) is unlikely to harm the fetus.”

Excessive binge drinking is most dangerous and can have teratogenic
effects leading to fetal alcohol syndrome which affects 1-2/1000
births/year. Risk is elevated in women drinking >8 units/day. Symptoms in
the infant are growth retardation, craniofacial and CNS defects, cardiac
and genitourinary abnormalities.

Use of vitamin and mineral supplements in pregnancy
Women should try and obtain nutrients from a balanced diet (see
‘Balance of good health’ in ‘Food-based dietary guidelines’, Chapter 2)
and women need to be advised against taking high dose multivitamin and
mineral supplements, some of which can quickly reach toxic levels and
may have teratogenic effects (particularly vitamin A). Women should not
consume more than 3300 pg/day (UK DH) of vitamin A and supplements
are discouraged. However, in areas of the world where vitamin A defi-
ciency is prevalent, supplementation may be beneficial for pregnant
women.

z Deparment of Health (2005). The pregnancy book. Department of Health, London. Available at
www.dh.gov.uk.
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Table 9.1 RNI for pregnant women

Nutrient Daily RNI (pre- t in pregnancy
pregnancy)

Energy (kcal) 1940-2110 +200 (3rd trimester)

Folic acid (ug) 200 +400 (1st trimester)
+100 (2nd and 3rd
trimesters)

Protein (g) 51 +6

Vitamin C (mg) 40 +10 (3rd trimester)

Vitamin D (pg) 0 (assumed gained +10

from sun exposure)

Vitamin A (ug) 600 +100

NB. No increase recommended for intake of calcium and iron as evidence insufficient that this
is needed above RNI. See table x for recommendations for adult women.

Folic acid (400 pg/day) is the only supplement recommended for ‘blan-
ket’ use by women until the 12th week of pregnancy (see ‘Pre-and peri-
conceptional nutrition in women’, this chapter).

In the UK, iron supplements are advised only if there is evidence of
iron deficiency anaemia (see ‘lron’, Chapter 5). Iron stores should be
verified preconceptionally and in pregnancy. Iron supplements can
cause constipation and other Gl changes and may interfere with zinc
absorption.

There is inconclusive evidence to recommend vitamin D supplements
during pregnancy and currently the D.H recommends that sunlight and
dietary sources of vitamin D should be encouraged to meet the increase
in requirement of 10 pg/day (see ‘Vitamin D (calciferols)’, Chapter 5) and
that only those on a restricted diet need extra vitamin D. Some Asian
women could be at risk of vitamin D deficiency if insufficient skin expo-
sure (see ‘Minority ethnic communities’, Chapter 13) - neonatal hypo-
calcaemia and rickets. .. may need vitamin D supplements.

& However this is controversial and the FSA (www.eatwell.gov.uk) now
advises that a supplement of 10 pg of vitamin D should be taken during
pregnancy and whilst breastfeeding.

Advise caution about herbal supplements, as these are not generally
evaluated for safety in pregnancy.
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Food safety in pregnancy and maternal
weight gain

Food safety in pregnancy

Besides following normal safe food hygiene practices, pregnant women
should be advised to avoid additional practices that have been specifi-
cally linked to micro-organisms that can lead to fetal malformations.

e Avoiding salmonellosis. In severe cases can cause premature labour
and miscarriage.

« Avoid raw or undercooked eggs due to salmonella risk. White
and yolk should be hard boiled. Raw egg may be found in home-
made mayonnaise, ice-cream, mousse,

« Avoid raw or partially cooked meat, especially poultry.

e Avoiding listeriosis. Caused by Listeria monocytogenes. Rare, but even
mild infection can lead to miscarriage, still birth, or ill newborn.
Women should avoid:

« all types of paté (including vegetable);

« mould ripened soft cheese, e.g. brie, camembert;

« blue veined cheese, e.g. stilton, roquefort, and other

unpasteurized cheese;

unpasteurized milk, including cow, goat, and sheep’s, and

associated milk products;

. eating uncooked or undercooked ready-prepared meals.

Av0|d|ng toxoplasmosis (mother has flu symptoms and infant has

blindness and mental retardation) caused by Toxoplasma gondii.

« Avoid cats as they can be carriers.

« Cook poultry and meat thoroughly.

« Wash salads, fruit, and vegetables to remove all soil.

« Reheat ready prepared meals and leftovers to avoid listeria.
Avoiding vitamin toxicity.

« Avoid liver and its products, as they are rich in vitamin A.
Reducing likelihood of developing infant allergies. Nut and peanut
allergy is increasing in UK. If there is atopic family history, women
should avoid:

« peanuts, nuts, peanut butter, and unrefined groundnut oil;

« foods containing nuts. Not always easy to follow; patients need to

check for ‘nut free’ label on foods.

e Avoiding mercury poisoning (can affect neural development of fetus).

« Avoid fish high in mercury: shark, marlin, and swordfish.

« Limit tuna to <4 medium size cans or 2 fresh tuna steaks a week.
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Maternal weight gain

How much weight should a woman gain during pregnancy?

It is not always easy to determine women'’s energy requirements in early
pregnancy as BMR falls in some women and rises in others. Weight
gained in pregnancy is a combination of maternal and fetal tissues and
fluid, as well as maternal fat stores. Rate of weight gain is usually not
constant; around 2 kg (5 lbs) are gained in the first trimester and the
remainder fairly evenly throughout the second and third trimesters at a
rate of around 0.4 kg (1 |b) per week.

An average weight gain of 10-12.5 kg (20-28 lbs) should be anticipated
in women of normal BMI in higher income countries. Women who are
overweight or obese should not attempt to lose weight during pregnancy
but should limit weight gain to 7-11.5 kg (15-25 lbs).

Both too little and too much weight gain can adversely affect the fetus.
o Too much maternal weight gain during pregnancy can - postpartum
maternal obesity; possibility of caesarean; infant macrosomia; and
t risk of gestational diabetes. See ‘Balance of good health’ in ‘Food-
based dietary guidelines’, Chapter 2 for how to prevent weight gain
with healthier eating.

Too little maternal weight gain can - Low birth weight baby with sub-
sequent effects on long-term health (‘Pre-and periconceptional nutri-
tion’, this chapter).

In the UK, the D.H (see Table 9.1) made a blanket recommendation of
an extra 200 kcal per day in the last trimester. However, the best advice
is to encourage women to eat to appetite in pregnancy and monitor
weight gain within the above ranges.

Weight gain with multiple pregnancy

Multiple births account for 1 in 6 of every births in the UK. Women
carrying twins (or more!) will gain even more weight than women carrying
one fetus. In the absence of other guidelines, the US Institute of Medicine
(IOM) recommendations are used. They advise 16-20.5 kg (25-45 Ibs)
weight gain for women carrying twins, who begin the pregnancy with a
normal we|ght Women pregnant with triplets should probably aim for a
gain of around a further 4.5 kg (10 lbs). A healthy weight gain is particu-
larly important in multiple pregnancies as they carry a higher risk of
premature birth and low birth weight.

" Institute of Medicine (1990). Nutrition during pregnancy, weight gain and nutrient supplements,
Report of the Subcommittee on Nutritional Status and weight Gain during Pregnancy, Subcom-
mittee on Dietary Intake and Nutrient Supplements during Pregnancy, and Committee on Nutri-
tional Status during Pregnancy and Lactation, Food and Nutrition Board. National Academic press,
Washington DC. (Can be accessed at www.iom.edu/report.asp?id=18257.)
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Dietary problems in pregnancy

Food aversions and cravings

Aversions are relatively common especially for tea, coffee, fried food, and
eggs. Food cravings can be strong but depend on the individual. There
are no nutritional implications as long as not craving and eating a lot of
energy-dense foods that result in excessive weight gain.

Pica

Pica is the persistent craving for non-food substances, ranging from coal,
clay, candles, matchboxes, to soil. Pica can be harmful if the item craved
and eaten is toxic or eaten in large enough quantities to have an impact
on nutritional status. Eating soil could carry the risk of toxoplasmosis
(see above). Evidence for a physiological basis of need is inconclusive.
Pica is often associated with iron deficiency but it is uncertain whether
iron deficiency causes pica or conversely whether pica causes iron defi-
ciency via its proposed effect on iron absorption.

Pregnancy (alias morning) sickness

During the first trimester, ~70% of women have pregnancy sickness (nau-
sea and vomiting) as the woman adjusts to higher hormone levels, espe-
cially human chorionic gonadotrophin and high oestrogen levels.
Although often referred to as ‘morning sickness’ vomiting can occur at
any time of the day: it varies from slight nausea to frequent and severe
vomiting. Most cases are mild, but it impacts on the pregnant woman’s
sense of well-being and daily activities. Hyperemesis gravidarum is the
most severe form and is defined as persistent nausea and vomiting lead-
ing to dehydration, ketonuria, electrolyte imbalance, and weight loss
greater than 5% of pre-pregnancy weight.

Advise:'

o Frequent small meals and snacks every 2 h, avoiding large meals.

e High CHO foods are best tolerated, e.g. toast, dry biscuits, crackers,
low sugar breakfast cereals.

e Avoid smells and foods that exacerbate nausea, e.g. high fat foods.
However, these foods will depend on each woman.

o Taking food and drinks separately can help 4 nausea in some women.

e Encourage plenty of fluid, especially as water and other sugar-free
fluids, as dehydration may occur in extreme cases. Recommend
at least 35 ml/kg body weight/daily; equivalent to 9 mugs of fluid in a
65 kg woman (1 mug = 250 ml).

o Taking time to rest and relax; take fresh air.

e Reassure women that most cases resolve spontaneously in the first
1620 weeks of pregnancy.

e When symptoms are persistent, severe, and prevent daily activities,
drug treatment should be considered.

" Further information is available at www.prodigy.nhs.uk/guidance.asp?gt=nausea/vomiting%20in%
20pregnancy.


www.prodigy.nhs.uk/guidance.asp?gt=nausea/vomiting%20in%20pregnancy
www.prodigy.nhs.uk/guidance.asp?gt=nausea/vomiting%20in%20pregnancy
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Constipation
35-40% of women suffer during pregnancy, as peristalsis is slower.
Encouraging fresh and dried fruit and vegetables for pectins and whole-
meal bread and breakfast cereals for cereal fibre will relieve symptoms
and plenty of fluid, preferably as water, should be taken. Faecal bulking
agents may help.

Women may intentionally restrict their fluid intake to reduce fre-
quency of micturition; this could be a factor in them becoming consti-
pated. See ‘Constipation’ in ‘Disorders of the colon’, Chapter 35.

Heartburn

Heartburn is common and 30-50% of pregnant women experience symp-
toms. This can occur at any stage of pregnancy, but usually in the 3rd
trimester.

Suggest

Small, frequent meals.

Eat earlier in the evening and avoid late night meals.

Chew food thoroughly and slowly.

Take fluids between meals, not at mealtimes.

Dairy foods may relieve symptoms.

Avoid spicy and acidic foods that may irritate GI mucosa. Food

causing symptoms varies a lot in different women; examples include

chilli, vinegar, pepper, acidic fruit juices.

o Avoid foods that relax oesophageal muscles before bedtime, e.g.
chocolate, fatty foods, alcohol, and mint.

o Sleep propped up with cushions.

o Avoid bending after eating.

Iron deficiency anaemia

Women with diets poor in iron prior to pregnancy and a history of anaemia

will need haemoglobin and ferritin status verifying to assess whether sup-

plements are required. Anaemia is most likely to affect women on a low

income (see ‘Eating on a low income’, Chapter 13), those with low BMI, or

vegetarians with an unbalanced diet (see ‘Vegetarians’, Chapter 13). In the

UK, iron supplements are advised only if there is evidence of iron deficiency

anaemia (see diagnosis of anaemia in ‘lron’, Chapter 5).

However, care should be taken not to ‘blanket’ prescribe iron supple-
ments (can result in nausea and constipation), as in later pregnancy many
women experience haemodilution and .. physiological changes may
resemble iron deficiency (Yhaemoglobin and {ferritin). See ‘Iron’, Chap-
ter 5 for good dietary sources of iron.

Gestational diabetes

Estimated prevalence is 3-5% of pregnancies. Abnormal glucose intolerance
occurs in pregnancy and usually disappears after birth, although there
is evidence that it is a marker for development of type 2 diabetes in
later life. Diagnosis is made at fasting blood glucose >7 mmol/l.
Women who are obese/overweight, aged =30 y, and have a family
history of type 2 diabetes are at greater risk of developing gestational
diabetes, increased risk of macrosomia at birth, and increased
likelihood of Caesarean. See ‘Gestational diabetes’, Chapter 18.
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Vulnerable groups in pregnancy

Adolescents

Pregnancy in adolescence increases risk to:
o fetus of low birth weight, perinatal mortality, and premature delivery;
o mother of anaemia, difficult labour, and hypertension.

As adolescents are still growing, optimal weight gain is unknown, but it
is likely to be higher than for adult women (see ‘Food safety in pregnancy
and maternal weight gain’, this chapter). They are less likely to eat health-
ily and have higher RNIs for calcium and iron than women >18 y .. they
are less likely to meet requirements for calcium and iron (see Chapter 11).
Iron deficiency anaemia can result in low birth weight and preterm delivery.
Social problems may have an influence and will compound pregnancy
outcome, including:

o reducing energy intake to try and hide pregnancy;
e low income;

e smoking;

e alcohol consumption;

e substance abuse;

o previous dieting leading to low nutrient stores;

o less knowledge of a healthy diet.

The current UK government’s Teenage pregnancy strategy (2004) has set
targets of halving the number of under 18 conceptions by 2010, and getting
60% of teenage parents back into education, training, or employment.

Vegetarians

Being vegetarian should pose no problem in pregnancy, if the woman is
well informed and eating a balanced lacto-ovo and lacto-vegetarian diet.
Pregnant vegan, fruitarian, and macrobiotic women should be seen by a
dietitian to assess overall nutrient adequacy of their diets. They may
require supplementation of vitamin By, iron, vitamin D, or calcium (if
<600 mg/day consumed). Some fortified soya milks contain these nutri-
ents. (see ‘Vegetarians’ in Chapter 13).

Asian vegetarian women could be at risk of vitamin D deficiency if
insufficient skin exposure (see ‘Minority ethnic communities’ in Chapter
13) - neonatal hypocalcaemia and rickets .. may need Vitamin D sup-
plements. Pregnant vegetarian adolescents are at particular risk of inade-
quate diet if they are the only ‘veggie’ in the house, as they may tend to
eat the same as the rest of the family except ‘remove’ the protein aspect
of the meal or replace it with cheese, ready prepared vegetarian sausages,
and burgers.
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Low income and pregnancy

Although it is difficult to generalize, UK women on low incomes may
find it harder to achieve an adequate diet (see ‘Balance of good health’
in ‘Food-based dietary guidelines’ in Chapter 2 and ‘Eating on a low
income’ in Chapter 13). Key nutrients at risk of low intakes are: zinc
and iron, and vitamins A, C, and E and essential fatty acids (EFAs)
needed for fetal neural and vascular system development. EFAs are
found in green vegetables, oily fish (e.g. tuna, sardines, mackerel,
salmon, herring, pilchards, trout, and kippers), and certain vegetable
oils (e.g. corn, sunflower, and soya oils). Cheaper blended vegetable
oils and margarine are often consumed but they contain less EFAs.

Healthy start scheme

In the UK, the welfare food scheme has been replaced by the healthy
start scheme. The healthy start scheme allows beneficiaries to exchange
tokens for fresh fruit and vegetables through general retail (see ‘Healthy
start scheme’ in Breast versus bottle feeding’ in Chapter 10). Further
information on Healthy start see www.healthystart.nhs.uk.

Closely spaced pregnancies

Women having closely spaced pregnancies may have low nutrient stores
at conception and in early pregnancy, so taking a dietary history would be
useful to assess previous and current diet for nutrient adequacy (includ-
ing iron status).

Overweight/obese women

Need regular monitoring as there is an increased risk of gestational DM
and HT; risk increases with BMI. During pregnancy there is an 1 risk of
pre-eclampsia. At birth there is an * likelihood of caesarean section,
post-operative complications, low apgar score, excessive birthweight of
newborn (macrosomia), t perinatal mortaility (3 fold), and neural tube
defects (NTDs). (See ‘Food safety and maternal weight gain’, this chapter.)

Diabetic women

Regular glucose monitoring and good compliance will result in the same
outcome as for non-diabetic mothers. However, poor control can * risk
of pre-eclampsia, 1 fetal problems, and * infant mortality.


www.healthystart.nhs.uk
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Useful websites

DH, The pregnancy book 2005; www.dh.gov.uk

NICE 2003 New guideline for the NHS on the care of pregnant women.
www.nice.org.uk/page.aspx?0=89310

www.eatwell.gov.uk/agesandstages/pregnancy/



www.dh.gov.uk
www.nice.org.uk/page.aspx?o=89310
www.eatwell.gov.uk/agesandstages/pregnancy/
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Infant growth and development

In the first year of life birth weight increases by 300%, doubling in the first
4-6 months, and height increases by 50%. Growth then slows down. This
rapid growth involves tissue and organ maturation that mean that energy
and nutrient requirements are high relative to body size during the first 5
years of life (see Table 10.1).

Growth reference charts
Monitoring child’s growth is essential to identify any faltering growth.
Length/height, weight, and head circumference should be plotted on a
growth reference curve. An infant’s growth should follow the direction of
the growth curves. Serial measurements are necessary to determine
adequacy of growth as a one-off measurement is only a reflection of size.
The chart can be a useful tool for communicating with parents so that
they understand the importance of monitoring growth. Parents with
naturally short children will need reassuring that s/he is growing well if
progressing in parallel with the same centile throughout infancy and
childhood.

Parental height plays a role in determining eventual height (see growth
charts in Appendix 2 for how to calculate genetic height potential).

Which growth charts should be used?
The Royal College of Paediatrics and Child Health (www.rcpch.ac.uk)
commissioned a review of growth reference charts currently in use in the
UK." They recommended that, for most clinical purposes, the UK90
reference is the only suitable growth chart and recommend its use in the
UK from birth for measuring weight, length (<2 y), height(>2 y), head
circumference (<2 y), and BMI (weight relative to height). These refer-
ence data have been incorporated into the Child Growth Foundation’s 9-
centile growth charts, that have been endorsed by the DH and RCPCH.
They are included in the UK Personal Child Health Record (PCHR)
issued to each newborn (see charts in Appendix 2).

Separate girls’ and boys’ growth charts have been produced for:
o Birth to 1 year;
e 1-5 years;
e 5-18 years.

The charts have 9 reference centiles of 0.4th, 2nd, 9th, 25th, 50th, 75th

91st, 98th, and 99.9th that mean, for example:

e 98th centile curve, below which 98% of UK children lie (2 in 100
children will be as tall/ heavy as this);

o 50th centile curve, below which 50% of UK children lie (average
weight and height for a child of that age).

o 2nd centile curve, below which only 2% of UK children lie (2 in 100
children will be as small/ light as this).

These are available from the Child Growth Foundation (www.
childgrowthfoundation.org).

! Wright, C. M, et al. (2002). Growth reference charts for use in the United Kingdom. Arch, Dis,
Child, 86, 11-14.


www.rcpch.ac.uk
www.childgrowthfoundation.org
www.childgrowthfoundation.org
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Table 10.1 RNI for infants and preschool children*

Nutrient 0-3 4-6 7-9 10-12  1-3y 4-6y
mth mth mth mth
Energy (kcal)
d 545 690 825 920 1230 1715
Q 515 645 765 865 1165 1545
Energy (kcal/kg/day) 100-115 95 95 95 95 90
Protein (g) 12.5 12.7 13.7 14.9 14.5 19.7
Protein (g/kg/day) 2.1 1.6 15 1.5 1.1 1.1
Fluid (ml/kg) 150 130 120 110 95 85
Vitamin C (mg) 25 25 25 25 30 30
Vitamin A (ug) 350 350 350 350 400 400
Folic acid (ug) 50 50 50 50 70 100
Thiamine (mg) 0.2 0.2 0.2 0.3 0.5 0.7
Riboflavin (mg) 0.4 0.4 0.4 0.4 0.6 0.8
Niacin (mg) 3 3 4 5 8 1"
Vitamin By, (ug) 03 03 04 04 05 038
Iron (mg) 1.7 43 7.8 7.8 6.9 6.1
Calcium (mg) 525 525 525 525 350 450
Phosphorus (mg) 400 400 400 400 270 350
Magnesium (mg) 55 60 75 80 85 120
Zinc (mg) 4.0 4.0 5.0 5.0 5.0 6.5
Selenium (ug) 10 13 10 10 15 20
Copper (mg) 0.2 03 03 03 0.4 0.6

* Department of Health (1991). Dietary reference values for food and nutrients for the United
Kingdom. HMSO, London.
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It is acknowledged that the growth of breastfed babies appears to be
slightly slower than that of bottle fed babies, particularly between 3 and 9
months of age. Separate charts have been produced for breastfed babies,
but they were based on a small population sample, and as such the
RCPCH do not recommend their use (www.rcpch.ac.uk). The WHO
have produced new growth charts representing growth standards based
on the growth of healthy children in optimal conditions, rather than
reference data gained from cross-sectional observations. It is believed
that all charts should be based on breastfed infants, as this is the biologi-
cal norm and all infants should be compared to this. It is not yet known
whether the UK will adopt these charts in the future.

How often should infants be measured?

All babies should be weighed at birth, and a weight, length, and head
circumference should also be recorded at the 6-8 week check. Thereafter
growth monitoring is no longer required according to Child Health
Promotion guidelines until infants are 36-48 months.” Babies and young
children could however be opportunistically weighed at immunization and
surveillance contact, particularly if there is parental or clinical concern.
Weighing too frequently may cause parental anxiety.

Dietary recommendations for infants and preschool
children

Children <5 y need a diet that is higher in fat and lower in fibre than that
presented in the ‘Balance of good health’ model (see ‘Balance of good
health” in ‘Food-based dietary guidelines’ in Chapter 2) as they need fat
for growth and CNS development. However, by the age of 5 they can
follow the dietary guidelines presented. If children are growing normally
then >2 vy, parents can gradually start introducing low fat/high fibre
choices towards ‘Balance of good health’ recommendations at age 5.
Total energy intake should not be restricted.

% Hall, D.M.B. and Elliman, D. (ed.) (2003). Health for all children: the report of the Fourth Joint
Working Party on Child Health Surveillance, 4th edn. Oxford University Press, Oxford.


www.rcpch.ac.uk
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Breast versus bottle feeding

Bi

reastmilk is the best choice for infant feeding for many reasons (see box).

Infant formulae have a different composition to breastmilk and do not

p

rovide all the same benefits, particularly the immunological active

components, nor the same nutritional profile and bioavailability. The
composition of breastmilk is not homogeneous: colostrum is produced
1-3 days postpartum, eventually becoming mature milk after 3 weeks. The
immunological factors are not only present in colostrum produced during
the first few days of lactation, but continue throughout breastfeeding.

Protective factors in breastmilk

e Immunological active components: lactoferrin; cytokines; T- and

B- lymphocytes; neutrophils; macrophages; immunoglobulins;
lysozymes; growth factors; thyroxin; antiviral lipids; antiprotozoan
factors; and bifidus factor (promotes growth of protective
Lactobacillus bifidus in infant’s Gl tract)

e Essential long chain fatty acids: important for cell membrane

structure, especially CNS development. Most infant formulae only
contain precursors, i.e. linoleic and alpha linolenic acid

e Nutrients: rich in vitamins A, D, E, PUFA, and free amino acids

compared with infant formula

o Oligosaccharides: breastmilk contains >100 different oligosaccharides

that help normal brain development and to make stools easier to
pass .. reducing constipation (can be a problem in formula fed
infants)

Benefits of breastfeeding
For the mother

Encourages bonding between mother and infant.

Helps women lose excess weight gained during pregnancy.
Breastfeeding stimulates uterine contractions that help return the
uterus to normal size.

Exclusive breastfeeding suppresses ovulation, helping iron stores return
to normal.

Breastmilk is free, except that the mother needs extra nourishment
(see ‘Dietary recommendations for lactating mothers’, this chapter).
Convenience; no preparation required.

Reduces mother’s risk of developing pre-menopausal breast cancer.

For the infant
o Breastmilk offers complete nutrition for the first 6 months and high

bioavailability of nutrients.

e Infants are less likely to experience gastrointestinal infections, as there

is no need for access to clean water, which can be a problem in
developing countries in particular (may also be due to protective
factors).
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Prevention of other infectious diseases, especially respiratory, ear and
urinary tract infections (greatest impact is for infants exclusively
breastfed for first 6 months).

o Breastfed babies are less likely to be obese in later childhood.

Potential obstacles to breastfeeding

o Frequent myth of ‘not enough milk’: usually results from incorrect
breastfeeding technique (see ‘Promoting and establishing
breastfeeding, this chapter). This is a common reason for women
stopping breastfeeding.

o Freedom of mother: she can feel exhausted as she takes complete
responsibility for feeding; ..will need support of others with
housework, especially in the first few weeks.

o Mothers may be concerned that they cannot see how much milk the

baby is taking.

Engorged breasts and sore nipples can discourage some mothers; need

to make sure that the right position is being used for feeding and

latching on.

o High stress levels: mother’s mental state will affect the letdown reflex;
anxiety— oxytocin+. Encourage her to rest more and relax when
breastfeeding.

e Glamorous image of infant formula portraying healthy, beautiful babies
via advertising.

e Social taboo of breastfeeding in public in some cultures,

including the UK.

Lack of public facilities for breastfeeding, especially needed in colder

months.

Lack of employment legislation supporting breastfeeding mothers in

some countries. NB. Mothers are entitled to express breastmilk at

work in the UK.

e May be perceived as offensive by some women, their partners, and
older children.

o Breastfeeding of boys may be encouraged more in some cultures.
Education needs to reinforce that breastfeeding is best for girls and
boys.

Contraindications to breastfeeding

e HIV+ women: by vertical transmission from mother to infant,
breastfeeding increases risk of transmission by up to 20%. DH advice
is that HIV+ women living in the UK should not breastfeed. For
further information: www.advisorybodies.doh.gov.uk/eaga/pdfs/
hivinfantSep04.pdf. The WHO recommends avoidance of all
breastfeeding for HIV-positive mothers when replacement feeding is
affordable, feasible, acceptable, sustainable, and safe. These conditions
are difficult to achieve in some poor developing countries. In such
settings exclusive breastfeeding for 6 months is recommended if HIV+
mothers are unable to provide adequate replacement feed.'

" Joint WHO-UNICEF statement on HIV and infant feeding (2004). Available at www.who.int/
child-adolesecent-health/publications/NUTRITION/HIV/IFIWHO/UNICEF.htm.
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Mothers with untreated TB should not breastfeed.

Mothers with hepatitis C who have cracked or bleeding nipples should
not breastfeed.

Women who smoke or occasionally drink alcohol can still breastfeed;
however smoking will lower the vitamin C content of breastmilk. Even
so, it is still preferable to infant formula.

Certain drugs. lllegal drugs will pass into breastmilk .- users should not
breastfeed. Other medicines should be checked for suitability in the
British National Formulary (www.bnf.org/bnf/).

Some types of breast surgery.

Infants with galactosaemia (see Chapter 31) as they cannot metabolize
galactose present in breastmilk. Lactose free infant formulae should be
used.

PKU infants should alternate breastmilk with phenylalanine-free
formula.


www.bnf.org/bnf/
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Promoting and establishing
breastfeeding

Promoting breastfeeding

The DH (2003) recommends exclusive breastfeeding (nothing else but
breastmilk, not even water) for the first 6 months (26 weeks) of life,
following a systematic review conducted by the WHO (2001). An
estimated 10% of UK infants meet this recommendation. Although
two-thirds of women breastfeed at birth, a third of these stop after the
first few weeks and this rapidly declines thereafter. Breastfeeding rates
vary greatly and higher social class groups (I and Il in the UK) are more
likely to breastfeed. More British Asian women (>75%) tend to breast-
feed at some stage.

Promotion of breastfeeding needs to be part of an effective infant
feeding policy. Training needs to target all health professionals to empha-
size both the enormous benefits of breastfeeding and appropriate
techniques, so that women receive consistent messages throughout their
care.

Maternal education needs to begin prenatally by local health-care
services providing breastfeeding classes and written support including
leaflets. The father, family, and/or friends should be encouraged to
participate so that the woman can be offered support.

Focus on changing attitudes and knowledge of the technique and the
recommended length of time to continue feeding. Support and education
should be targeted at the groups where there is least uptake, i.e. social
classes IlI, V, and VI in UK. Common reasons given by women in the UK
(see boxes) for the choice of method and reasons for stopping breast-
feeding' are useful for targeting public health measures.

Reasons for choice of feeding method

Breast Bottle

o Best for baby e Others can feed baby

e Convenient o Dislike idea of breastfeeding
e Closer bond

o Cheaper

! Hamlyn, B., et al. (2002). Infant feeding 2000. Department of Health. HMSO, London.



CHAPTER 10 Infants and preschool children 231

Reasons for giving up breastfeeding

Early weeks Later weeks (to Later months
4 months)
Rejecting the breast Insufficient milk Returning to work

Painful nipples

Baby friendly accreditation

Maternity hospitals keen to promote breastfeeding can seek baby friendly
accreditation (www.babyfriendly.org.uk/commun.asp#plan), once they
have 2successfully adopted the ‘ten steps to successful breastfeeding’ (see
box).

Ten steps to successful breastfeeding

e Have a written breastfeeding policy that is routinely communicated
to all health-care staff

Train all health-care staff in skills necessary to implement this policy
Inform all pregnant women about the benefits and management of
breastfeeding.

Help mothers to initiate breastfeeding within an hour after birth
Show mothers how to breastfeed, and how to maintain lactation
even if they are separated from their infants

Give newborn infants no food and drink other than breastmilk,
unless medically indicated

Practice rooming-in—allow mothers and infants to remain
together — 24 hours a day

Encourage breastfeeding on demand

Give no artificial teats or dummies to breastfeeding infants

Foster the establishment of breastfeeding support groups and refer
mothers to them on discharge from the hospital or clinic

% World Health Organization (1989). Protecting, promoting and supporting breastfeeding: the special
role of maternity services, a joint WHO/UNICEF statement. World Health Organization, Geneva.


www.babyfriendly.org.uk/commun.asp#plan
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Establishing breastfeeding

Patients’ FAQs for establishing breastfeeding

How soon after the birth should | put my baby on the breast?

Start as soon after birth as possible (preferably within 1 h) as suckling
stimulates the let down response.

How often should | feed?

Feed as often as the infant wants; not restricting frequency or duration
will help fully establish the milk supply initially. Infants usually feed 8-12
times a day including at night. The first 3 weeks are crucial. Dummies
should be avoided, as will diminish frequency of baby sucking.

How long should I let the baby feed on each breast?

Always offer both breasts at each feed. Let the baby finish the first
breast completely as incomplete emptying of the breasts means the
baby may just drink foremilk’ and not the fat dense ‘hind milk’. If this is
habitual practice, it may affect infant growth. Babies may seem sleepy
but can often coax awake to feed for longer. Start on a different breast
from the one last emptied.

Which position is best for feeding the baby?

The most comfortable and convenient position of the baby on the
breast will depend on the mother (see Fig. 10.1 and DH breastfeeding
leaflets for positions). If baby is restless at the breast and seems
unsatisfied, it hurts to breastfeed, or the mother gets cracked nipples,
adjust position of baby.

How do | know if my baby is getting enough milk?

Plenty of wet nappies; bright yellow, regular stools (after the first week
or two), contented baby after a feed; baby gains weight and looks well.

Does my baby need extra drinks?

No. Foremilk is more watery and thirst quenching and in hot weather,
babies tend to take shorter, more frequent feeds.

My breasts are swollen, hard, and painful. Is this normal?

This is known as breast engorgement which occurs when your milk
comes in about day 3 and can occur if there has been a delay between
feeds. Feeding on demand should prevent it. If there is a lump, it’s likely
to be a blocked duct. Feed from the breast and massage the lump
towards the nipple. If there is a red, hot painful patch it may be a sign of
mastitis. Keep feeding from the breast and avoid wearing a bra at night.

| want to carry on breastfeeding but I'm going back to work full-time
when the baby is 3 months; what can | do?

If returning to work, exclusive breastfeeding will be challenging, unless the
mother is extremely motivated and expresses and freezes breastmilk for
use when at work. (NB. Mothers are entitled to express breastmilk at
work in the UK) A high quality breast pump is essential. Mixed
bottle/breast may be a more realistic solution in this situation and the
woman can continue with pre- and post-work breastfeeds. See ‘Combin-
ing breast and bottle’ in ‘Establishing bottle-feeding’, this chapter.
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Fig. 10.1 Breastfeeding positions. (From Vinther, T. and Helsing, E.
Breastfeeding: how to support success. A practical guide for health workers (1997).
World health Organization. Reproduced with permission (can be accessed at:
www.euro.whoint/document/e57592.pdf.)

Further information on breastfeeding

Vinther, T. and Helsing, E. (1997). Breastfeeding: how to support success. A practical guide for
health workers. WHO Regional office for Europe, Copenhagen. www.euro.who.int/
document/e57592.pdf

Baby friendly initiative: www.babyfriendly.org.uk/commun.asp#plan.

www.breastfeeding.nhs.uk/.

www.dh.gov.uk/Home/fs/en.
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Dietary recommendations for
lactating mother

Lactating women should follow general healthy eating guidance in the
‘Balance of good health’ (see ‘Food-based dietary guidelines’ in Chapter
2), but care should be taken to meet the extra requirements for energy,
protein, 3 fat-soluble vitamins, 5 water-soluble vitamins and 6 minerals
(Table 10.2). In particular, when a woman is breastfeeding exclusively, her
nutritional status will be compromised before that of the infant. On a
practical level, this can be achieved by women eating larger quantities of
the healthy diet suggested earlier.

In addition, women should:

Limit alcohol to <2 units/day as this will pass into breastmilk affecting
its smell and potentially the sleep patterns and digestion of the baby;

o Avoid caffeine as this will pass into breastmilk -+ infant hyperactivity
and sleeplessness. Tea, coffee, cocoa, and cola -type drinks are best
avoided (<4 cups a day of these combined). Suggest decaffeinated tea
and coffee;

Consume at least 2 litres of fluid a day to avoid dehydration (735 ml/kg
body weight). See ‘Fluid balance’ in Chapter 5.

Avoid spicy foods that may alter the taste of breastmilk if the infant
appears to reject milk as a result;

Avoid peanuts or foods containing peanuts if there is a family history
(siblings, mother, father) of allergy (asthma, eczema, hayfever).

See Chapter 32.

Avoid vitamin and mineral supplements. Exceptions are vegan,
macrobiotic, or fruitarian women who may need B12 supplements and
women following dietary restrictions, e.g. cow’s milk free diet. These
and women with poor dietary intakes should see a dietitian.

& Controversial advice: the FSA (www.eatwell.gov.uk) now advises that
a supplement of 10 ug of vitamin D should be taken whilst breastfeeding.


www.eatwell.gov.uk

Table 10.2 RNIs for lactating mothers*
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Nutrient

Daily RNI (15-50 y)

1 in lactation

Energy (kcal)

1940-2110

+450 (month 1)
+530 (month 2)

+570 (months 3-6)if exclusively
breastfed

Protein (g)T 51 +11 (0—4 months)
+8 (>4 months)

Vitamin C (mg) 40 +30

Vitamin D (ug) 0 (assumed gained +10

from sun exposure)

Vitamin A (pg) 600 +350

Folic acid (ug) 200 +60

Thiamine (mg) 0.8 +0.2

Riboflavin (mg) 14 +0.5

Niacin (mg) 13-14 +2

Vitamin By, (pg) 1.5 +0.5

Calcium (mg) 700-800 +550

Phosphorus (mg) 550-625 +440

Magnesium (mg) 270-300 +50

Zinc (mg)f 7.0 +6.0 (0—4 months)
+2.5 (>4 months)

Selenium (ug) 60 +15

Copper (mg) 1.0-12 +0.3

* Department of Health (1991). Dietary reference values for Food and nutrients for the United

Kingdom. HMSO, London.

* The RNI for zinc and protein falls after 4 months, which was based on previous DH advice
of exclusive breastfeeding up to 4 months. It is likely that the current advice of exclusive
breastfeeding up to 6 months will mean these will be revised upwards accordingly.
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ESTABLISHING BOTTLE-FEEDING

Establishing bottle-feeding

Women who choose to bottle-feed should not be made to feel guilty or
inadequate as a result of their decision. Once this choice is made they
need to be advised and supported accordingly. Mother’s breasts will
return to normal quickly. Modified cows’ milk infant formula will meet
all nutrient requirements, but all the protective immunological factors
will be absent.

Combining breast and bottle

After breastmilk is well established (4-6 weeks), it may be possible to
combine breast and bottle where circumstances dictate: e.g. woman
returns to work; woman is exhausted (physically or mentally) from feed-
ing continuously; or male partner needs to bond/help with the baby.
Introducing 1 or 2 bottle feeds during the day, for example, and regularly
continuing with breastmilk before and after returning from work should
not affect the woman’s ability to breastfeed. NB. This is preferable to
stopping breastfeeding entirely, but is not the ‘ideal’ option as exclusive
breastfeeding is recommended for the first 6 months of life.

Choice of infant formula

In the UK, there are three main types of cows’ milk formula.

o Whey dominant. Ratio of whey to casein of approx 60:40. Whey-based
formula is recommended as it most closely resembles the protein
structure of breastmilk. Most of these formulae now contain long chain
polyunsaturated fatty acids and nucleotides that were previously
absent. Some are organic and others contain prebiotics or have been
modified to be more ‘easily digested’ to aid reflux and constipation.
The array of choice can be confusing for parents. The advantages of
these additional attributes are still to be demonstrated.

e Casein dominant. Whey to casein ratio of approx. 20:80; similar to

doorstep cows’ milk. They are marketed and perceived by parents as

milks that can help fill up babies as they get ‘hungrier’ around 6—10

weeks (but they contain the same kcal as whey dominant milks). They

do not usually contain any ‘extras’.

Follow on and toddler milks. In the UK, follow-on infant formulae are

widely used for infants >6 months. Some parents wish to change their

infant’s milk at 4-6 months as a symbolic ‘developmental milestone’. In
these cases, follow-on milk is preferable to the mother introducing
solids early or doorstep cows’ milk. Such formulae can now come in

4 different stages including for toddlers. There is no evidence of

nutritional benefit compared with ordinary infant formula in infants and

children who are following an otherwise well balanced diet. However,

‘follow on’ and ‘toddler’ milks may be useful in infants who are

nutritionally at risk due in particular to their higher iron content.
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Soya based formulae

Infant formulae based on soya are not recommended for infants under

6 months of age, due to phytoestrogen content which may have long

term effects on the infant’s health and sensitization to soya protein.

- they should only be used in exceptional circumstances, e.g.

e Vegan mothers who do not breastfeed;

o Infants with cows’ milk intolerance/allergy, who consistently refuse
elemental formulae.

Goats’ milk formulae

Infant formulas based on goats’ milk protein are not suitable for infants
who are intolerant or allergic to cows’ milk formulae. Goats milk derived
formulae are also unsuitable for babies who are lactose-intolerant.

Infant formulae and energy

Although the energy content of breastmilk is reported to be 70 kcal/
100 ml, this is based on the energy content of milk obtained by com-
pletely expressing the first breast. This is unlikely to be a true representa-
tion of suckled human milk, and doubly labelled water studies of suckled
human milk have suggested values of 53-58 kcal/100 ml at 6 weeks and
3 months, respectively. The Scientific Committee for Food (SCF 2003)
recommends maximum energy content of 60—70 kcal/100 ml for both
standard and follow-on infant formulae.

Healthy start scheme

In the UK, the welfare food scheme, established in 1940 as a wartime
measure, entitled pregnant women and children <5 y, receiving certain
benefits, to tokens for either cows’ milk or cows’ milk based infant for-
mulae per week and free supplements of vitamins A, C, and D.

This is being replaced by the ‘Healthy start scheme’. The NHS Plan
2000 stated that the welfare food scheme needed to be reformed ‘to use
the resources more effectively to ensure that children in poverty have
access to a healthy diet, with increased support for breastfeeding and
parenting. The new scheme ‘Healthy start’ involves a broader range of
foods (fresh fruit and vegetables initially, with a plan to increase the range
of foods over time) as well as cows’ milk and infant formula. Fixed value
vouchers are issued so they can be exchanged in a wide range of outlets
and are of equal value for both breastfeeding and non-breastfeeding
mothers. The age of children eligible will fall from 5 to 4 y. Milk or fruit
will be available in nurseries. Free vitamin supplements will continue to
be available as part of the scheme, but their formulation is under review.

Healthy start is open to pregnant women and families with children
under the age of five who are in receipt of certain income support bene-
fits or are <18 y (see www.healthystart.nhs.uk for further information).
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Weaning

When to introduce solids

Six months is the recommended age for the introduction of solid foods
for infants (DH 2003) whether they are breastfed, fed solely on infant
formula milk, or taking breast and infant formula combined. This choice
of milk should continue beyond 6 months, along with solid foods. The
DH recommended age for weaning has increased from 4 months and,
although waiting until 6 months is recommended, babies should not be
weaned earlier than 4 months (17 wks).

Weaning is necessary because at 6 months of age some nutrient
requirements increase (see Table 10.1 in ‘Infant growth and develop-
ment’, this chapter), especially those for iron, B vitamins, energy, and
protein that cannot be met by milk alone. Also, neuromuscular
co-ordination is sufficiently developed at 6 months to enable the child to
eat solid foods.

Which foods to introduce

The overall aim of weaning is to introduce the infant gradually to a range
of foods, textures, and flavours, so that normal family foods are taken at
12 months. The stages of weaning are summarized in Table 10.3. If
parents choose to start weaning before 6 months of age, foods should be
introduced gradually, starting with fruits, vegetables, rice, and potato. If
starting weaning from 6 months of age, babies will need to be exposed to
a variety of foods from the outset, especially those containing iron. Foods
can be offered 2-3 times a day, of either thick purees or mashed textures
and finger foods. Weaning from 6 months of age is simpler as there are
few foods that cannot be offered.

As breastfeeding is baby led, baby led weaning is being favoured by
some. Emphasis is on the baby self-feeding and discourages the use of
spoon feeding. This approach may be extreme and many parents would
find it difficult not to feed their baby. A compromise might be to provide
a meal containing a combination of finger foods such as vegetables and
new potatoes or pasta and some mashed foods, so that the baby can
feed him/herself and can also be fed by the parent/ carer.

A Nuts and nut allergy

Peanut allergy appears to be increasing in children (see Chapter 32).
Children with a family history (siblings, mother, or father) of allergy
(asthma, eczema, hay fever) should not eat peanuts, peanut butter, or
groundnut oil, or foods containing these until at least 3 years of age.
Other infants can take peanuts and other nuts from 6 months of age.
Whole nuts should be avoided until 5 years of age due to the risk of
choking.

Weaning preterm infants

Advice on appropriate weaning age should be sought from the specialist
paediatric medical and dietetic team caring for the infant. Further informa-
tion on feeding preterm infants is available from www.bliss.org.uk.


www.bliss.org.uk

Table 10.3 Summary of guidance for weaning and feeding for under-5s

6 months*

6-9 months

9-12 months

1-5 years

Milk

Breastmilk or 1 pint of infant formula. Introduce cup or beaker from 6 months

2-3 servings/day from full fat
varieties, moving on to lower

Dairy foods

Yogurt/custard. No soft

unpasteurized cheese
<6 months

Cubed/grated hard cheese, cheese spread. Full fat
yogurt, fromage frais, custard, fullfat cows’ milk in

cooking

fat varieties >2 y of: cheese
(30 g), yogurt (pot), 1/3 pint
milk.

Goat’s and sheep’s milk should be avoided <12 months

Fruit & vegetables

Smooth puree of softly
cooked

2 servings/day. Mashed
with fork/lightly cooked;
soft peeled fruit & vegeta-
bles as finger foods

3—4 servings/day.

No need to peel apple/
pear. Raw/lightly
cooked

>4 servings/day. Same form
as for adults

Meat, fish & alternatives

After a few weeks:
pureed meat, beans &
lentils. No eggs, fish,
shellfish, nuts, or nut
butter <6 months

1 serving/day. Mince/pure
meat, beans & lentils;
hard boiled egg,

fish, tofu

2 servings/day,

e.g. mince/chopped

red meat, chicken, white
fish, eggs, tofu

2 servings/day. As for 9-12
months plus introduce oily fish
(sardines, salmon, mackerel)
up to twice weekly. No whole
nuts <5y due to choking risk

up)IYd jooydsaid pue sjuepu] 0l ¥ILdVHD
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Table 10.3 (Contd.)

6 months*

6-9 months 9-12 months

1-5 years

Starchy foods Baby rice/smooth potatoes.

No wheat/gluten based cereal,
bread <6 months

2-3 servings/day. Can 2-3 servings/day, e.g.
include gluten-containing  toast, breadsticks, rice
foods, e.g. bread, breakfast cakes

cereals, toast, pasta

>4 servings/day of bread,
pasta, potatoes, rice,
chapatti

Sugary foods & drinks No added sugar and no honey
<12 months due to infant
botulism risks

Drinks should be breast/formula milk or water. Fruit
juices should be discouraged but if taken diluted 1 in
10. No sweet biscuits and rusks (including low sugar)

Limit sweet foods & drinks;
especially between meals

Herbal drinks, fizzy drinks, & squashes, including ‘diet’ drinks with artificial sweetener are not recommended. No

tea/coffee
Salty foods No salt should not be added; Small amounts of gravy/ketchup Limit crisps & savoury
kidneys not mature snacks
Vitamin VI the infant is still breastfed >6 months v DH recommends for all
drops vIf a formula-fed infant is taking <1 pint of milk/day 1-=5yr olds

Texture Smooth

Mashed, minced, finger Finger foods, lumps,
foods chopped

Family foods

*But no earlier than 4 months (17 weeks) for parents deciding to wean their babies earlier.

ONINVAM  0FT



CHAPTER 10 Infants and preschool children

Healthier snack suggestions for 1-5 year olds

All fresh fruit Popcorn (unsweetened)

Sticks of carrot, celery Plain biscuits

Peppers, cucumber Cubes or slices of cheese

Cherry tomatoes Yogurt/fromage frais (lower sugar
Olives without stones varieties)

Teacakes/scone Low sugar cereal and milk

Fruit or malt loaf Pitta bread and hummus/cream cheese
Qat cakes Sandwiches, tortilla wraps, toast
Crackers

Rice cakes, bread sticks

Bagels

Common feeding problems
Prolonged use of feeder bottle and delayed weaning
The DH recommends that infants should be introduced to drinking from
a cup from 6 months and actively discouraged from taking drinks in
feeder bottles after 12 months. This is part of the natural progression for
sipping and swallowing to replace sucking. Delayed weaning (>1 y) is
more common in some deprived South Asian communities than for
other ethnic groups.
Problems arising from prolonged use of the feeder bottle and delayed
weaning include:
e Food refusal as the infant may be filling up on milk .4 desire for food;
o [ron deficiency anaemia due to increased iron requirements not being
met from a mixed diet;
o Faltering growth;
Speech development as child’s ability to chew and the swallowing
reflex may +;
o Dental caries if sugary/acidic drinks are given in a bottle;
e Obesity if sugary drinks are given in a bottle.

Risk of choking

All babies have a sensitive gag reflex and it is normal for them to gag on
exposure to increasing textures of food. This should not be a reason for
avoiding such textures, and they soon adapt. However, babies should be
supervised whilst eating and given softer finger foods at first, such as
banana, melon, or avocado. Once the child is able to chew well, s’/he can
be given non-dissolvable harder finger foods, e.g. apple. Whole nuts or
olives containing stones should be avoided until 5 years of age due to risk
of choking.
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IRON DEFICIENCY ANAEMIA

Iron deficiency anaemia

Common causes:

e Mother’s diet was inadequate in iron during pregnancy;

o Mother is breastfeeding and is anaemic;

e The baby is weaned late, i.e. >6 months;

e Slow in progressing from weaning foods to family meals;

e Early introduction of cows’ milk as the main drink for children <1y;

e Heavy reliance on sweet baby foods (high in sugar, low in iron and
protein), as avoiding savoury products that may have non-halal
ingredients in some Muslim families.

A varied diet with a regular intake of red meat, fruit, green vegetables,
fortified breakfast cereals, and beans and pulses should be encouraged.
This is especially important for breastfed babies where, despite good
absorption of iron from breastmilk, the iron content is insufficient for
infants over 6 months of age. Infant formula is higher in iron, but it should
not be relied upon as a sole source of iron in babies over 6 months of
age. See ‘lron’ in Chapter 5 for foods rich in iron.
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FALTERING GROWTH

Faltering growth

Infants commonly show some weight faltering in the first 12 years, but it
may also affect older children. As a guide, population studies show that
1in 20 children <2 y shows a sustained fall through 2 centile spaces for
weight. One in 100 children <2 y shows a sustained fall through 3 centile
spaces.

Weight faltering is defined as weight falling through centile spaces, low
weight for height, or no catch-up from a low birth weight. Growth falter-
ing is defined as crossing down through length/ height centile(s) as well as
weight, a low height centile, or a height less than expected from parental
heights.

Cg:onsensus statement by a multidisciplinary group of experts in the
field of faltering weight and growth in young children is available.'

Only 5% of young children whose weight/growth falters will have an
organic root to the problem. It is estimated that a further 5% will need
the support of Child Protection Agencies. As a result, it is recommended
that management for the majority of faltering growth should occur in
primary care, rather than in hospitals.

Triggers for primary care assessment

o A weight or height below the 0.4th centile, noted for the first time,
should always trigger an evaluation.

o A sustained fall through 2 centile spaces should usually trigger an
evaluation.

o Evaluation should be considered if weight or height is below the 2nd
centile.

" Children’s Society (2002). Recommendations for best practice for growth faltering in young children.
Children’s Society, London. Also PIER guideline: www.pier.shef.ac.uk/home.htm.


www.pier.shef.ac.uk/home.htm
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Possible dietary and social causes of faltering growth

Insufficient calorie intake is major cause

Formula milk too weak/too concentrated

Late weaning >6 months

Prolonged use of feeder bottle

Fussy eating/behavioural problems at mealtimes

Physical feeding problems, e.g. gastro-oesophageal reflux, oral
motor dysfunction

Over health conscious parent/carer — diet low in fat and high
in fibre

Inadequacy of the nutritional content or frequency of meals
Poor inherent feeding drive

Developmental difficulties

lllness—although it is rare for serious organic disease to
present with weight and/or growth faltering alone

e Abuse and/or neglect (minority of cases)

Unhealthy parent/carer—child relationship
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FALTERING GROWTH

Managing faltering growth in primary care
In the UK, health visitors are best placed to identify and support infants
because of their key responsibility for the health and well-being of
children under 5 years of age. It will depend on suspected cause as to
whether the dietitian or paediatrician gets involved first; see Fig. 10.2

In those children where weight gain is a concern, the family’s health
visitor should negotiate home visits at meal/feed times to allow observa-
tions. A range of data should be collected including:
o Feeding and symptom history since birth;
Growth history since birth;
o Any relevant medical or domestic details;
e Food diary outlining food/drinks offered and taken and when;
e Details of mealtime routines, including observation of food preparation
and mealtime interactions;
Family’s concerns/anxieties;
Interaction between parents/carers and child, with description of any
behavioural problems.

Having identified areas where there is potential for change, the health

visitor should offer appropriate advice and ongoing support. This is likely

to include strategies that address:

o Insufficient nutrient intake, e.g. faddy eating, excess drinking, poor
parent—child interaction, strict adherence to a low fat-high fibre diet or

o Insufficient nutrient offered, e.g. lack of parent/carer knowledge or
skills on good nutrition, stressful social situations, including neglect or
abuse.

When a health visitor becomes concerned, h/she should be able to
discuss or refer to the most relevant member of the multidisciplinary
team (see Fig. 10.2).
The dietitian’s role is to use motivational interviewing and counselling
techniques to address the following:
o Establishing food attitudes, value systems, and beliefs;
e Ensuring appropriate parent/child interactions, particularly related to
food and drink;
e Exploring drinking habits and discouraging prolonged use of a bottle;
e Advising on age-appropriate structured mealtimes, snacks, and drinks;
o Increasing nutrient density of meals using foods where possible;
e I|dentifying any micronutrient deficiencies and correcting for them
where possible;
Considering use of nutritional supplements if there is no improvement
in growth as a result of the above interventions.
Also see ‘Fussy eaters’, this chapter.
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Weight monitoring

Child’s faltering weight
and/or growth identified by
parent/carer/professional

y

Primary care
Health visitor (HV) No concerns
»| assessment & "
management. —» Normal surveillance
Observation of mealtime A
Advice interactions

No specificfintervention

Multidisciplinary team

If concerned, HV discuss with and/or refer
\¢—] to member of team: community —p
paediatrician, community paediatric
dietitian, speech & language therapist,
specialist health visitor, clinical
psychologist, social worker

l

Assessment by individual
team member
from above list

|

Child e
Multidisciplinary team
Ei::r:lopment assessment & input

\¢—| Toensure consistent | - - - - - oo - -
approach. Will be
overlap in team’s roles

For complex
developmental
concerns, e.g.
chronic illness &
neurodevelop-
mental conditions

Review/onward referral

Social services (child protection
concerns).

Community support networks (for non-
stigmatizing support for families).

Such agencies need to be part of the
multidisciplinary team approach

Fig. 10.2 Care pathway for young children’s faltering growth/weight. Reproduced
from the Recommendations for best practice for growth faltering in young children
(Copyright 2002). With permission from the Children’s Society.
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CONSTIPATION AND MILK INTOLERANCE

Constipation, toddler’s diarrhoea,
and milk intolerance

Constipation

Constipation is much more common in fed babies infant formula com-
pared with breastfed babies. Potential contributing factors include fatty
acid position on the triglyceride molecule (sn-2 position fatty acids being
absorbed more readily), LCPs, and prebiotics that are lower in most
formula milk. The energy content of breastmilk may also be lower than
originally thought, and hence fluid intake may differ.

Constipation due to low fibre intake and sometimes low fluid intake is
relatively common in UK infants. A higher fibre diet should be encour-
aged, containing foods that are acceptable to the child. Encouraging fresh
and dried fruit and vegetables for pectins, bread and breakfast cereals for
cereal fibre, will relieve symptoms along with plenty of fluid, preferably as
water. Fluid requirements vary with age (see Table 10.1); for example, an
average 4 year old boy will need at least 85 ml/kg body weight/daily;
equivalent to 5 mugs of fluid for a 15 kg boy (1 mug = 250 ml).

Toddler’s diarrhoea

Symptoms: frequent, loose stools, containing undigested foodstuffs.
Usually a self-limiting problem, occurring in otherwise well infants <3y,
who are gaining weight and growing satisfactorily; commonly due to
immaturity of the gastrointestinal tract. As well as reassuring parents that
the condition will cease spontaneously, dietary treatment is to:

e avoid large quantities of sucrose, fruit and fruit juice;

reduce dietary fibre intake (choose white bread and avoid high fibre
cereals, fibre-dense fruit and vegetables, such as peas, sweetcorn and
temporarily reduce consumption of fruit and vegetables in general);
ensure sufficient fat in the diet. Where this is not possible, a fat-based
nutritional supplement can be a useful addition.

Milk intolerance See Chapter 32
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NUTRITIONALLY VULNERABLE GROUPS

Nutritionally vulnerable groups

South Asian families

There is evidence that certain infant feeding practices in some South

Asian families increase the risk of iron deficiency anaemia, faltering

growth, and constipation. These include:

e Late weaning, slow to move on to family foods;

o Late progression from a bottle on to a feeder cup;

o Adding honey/sugar to sweeten milk;

o Adding solids to formula milk;

e Choosing sweet commercially prepared baby foods so as to avoid
running the risk of using non-halal meat products; .. lack of iron and
protein in weaning foods;

o Use of cows’ milk as the main drink with infants <1'y.

The vegetarian baby

Infants consuming a well balanced vegetarian diet should meet all
requirements for growth. See ‘Vegetarians’ in Chapter 13.

@ Diets that are unbalanced or more restrictive than this, e.g. strict
macrobiotic or fruitarian, are likely to result in nutrient deficiencies and
need particular attention in infants. Referral to a dietitian for assessment
is essential.

Low income families

Children from families living on a low income are at a greater risk of
having an unvaried, unbalanced diet, developing micronutrient deficiency
and faltering growth. See ‘Eating on a low income’ in Chapter 13.

Sure Start' is a Government programme that aims to help service
development in disadvantaged areas alongside financial help for parents
to afford childcare by:

e Increasing the availability of childcare for all children;

o Improving health and emotional development for young children;

e Supporting parents, both as parents and in their search for
employment.

" Further information: www.su restart.gov.uk


www.surestart.gov.uk
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FUSSY EATERS

Fussy eaters

Patients’ FAQs for fussy eaters/behavioural tips for
mealtimes

Every meal time is like a battle of wills; how can | break the cycle?
Encourage parents to avoid arguments and try to keep calm. Mealtimes
should actually be fun! The child is probably trying to either gain atten-
tion or show that s/he has control over parents. It is important not to
give in and to ignore the behaviour. The child should not detect that
his/her behaviour causes anxiety. Reassure parents that as long as a
child is gaining weight overall there isn’t too much cause for concern.
Never force feed children.

Should I let him have his dessert if he doesn’t finish his main course?
Advise parents to put the food on the table and; if it is not eaten after
20-30 minutes, simply remove with no comment. Suggest not giving
sweet foods if savoury meal is rejected completely. Trying the savoury
meal may be acceptable and deserve a dessert. This will help change
behaviour long term. Cooking an alternative meal should be avoided,
as this is just as likely to be refused.

| am worried about my 2 year old daughter going hungry if she doesn’t
eat her meal, is it okay to let her have in between snacks?

Children can go for days without eating, and if they are hungry their
behaviour deteriorates. If they refuse their meal, having a small snack
(see box with healthy snack suggestions in ‘Weaning’, this chapter) a
couple of hours later will not impact on mealtimes, and it is far enough
off for them not to associate snacks with not eating meals. This helps
relieve parental anxiety too, as their child is getting something to eat.
Mealtimes are approximately 4 hours apart, and snacks (mid am, mid
pm, and supper) fall between these, but should not be given any closer
than 1%2 hours before a meal. This applies to drinks too.

Is it okay to reward my child with sweets for eating his dinner?

Parents should avoid using sweet foods as a bribe to encourage chil-
dren to eat their meals. Other non-food rewards could be used, like a
cuddle, playing a game, or reading a story.

Could it help if he eats on his own, so that we can eat in peace later?
A young child should never be left alone whilst eating as there is a risk
that s/he might choke. It is preferable if the whole family tries to sit
down and eat together, ideally the same food, so that they are acting
as role models and can share food. Inviting friends to eat can help as
children often copy each other (as long as the guest is not a fussy eater
too!). Parents need to try and create an enjoyable environment.
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Is it okay to feed him myself whilst he watches TV, because at least
that way he eats his dinner?

Parents should not feed the child (when s/he is capable of doing so) as
the attention will be enjoyed and there will be little incentive to self-
feed. It is normal for children to make a mess when they feed, and they
like to eat with their fingers. This should be encouraged and avoid
wiping their hands and mouth until the end of the meal, as it can upset
the child. The TV should be switched off during eating as this is dis-
tracting and the meal is a good opportunity for parent-child interaction.

Promoting Healthy infant feeding

See ‘model of a local infant feeding policy for under 5s’ (in examples of
nutrition policy in different settings) on p336.
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Websites and literature for parents

More information

www.babyfriendly.org.uk
www.publications.doh.gov.uk/pregnancybook/
www.nctpregnancyandbabycare.com/
www.surestart.gov.uk

www.laleche.org.uk

www.dh.gov.uk

Literature for parents

Department of Health publications (www.publications.dh.gov.uk):

o The pregnancy book (2005);

e Birth to five book (2005);

o Breastfeeding and bottle feeding leaflets.

FSA leaflet: Eating for breastfeeding (www.food.gov.uk).

BDA Paediatric Group fact sheets (www.bda.uk.com/pubs resources
html).



www.babyfriendly.org.uk
www.publications.doh.gov.uk/pregnancybook/
www.publications.dh.gov.uk
www.food.gov.uk
www.bda.uk.com/pubs_resources.html
www.nctpregnancyandbabycare.com/
www.surestart.gov.uk
www.laleche.org.uk
www.dh.gov.uk
www.bda.uk.com/pubs_resources.html
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Why diet is important in childhood
and adolescence

e Children need a balanced diet to meet requirements for growth and
development.

o Health-related behaviour and attitudes towards food are formed in
childhood.

e The processes for some adult diseases may start early in life.

Growth and development

Each year of life from 1 year to adolescence, a child grows taller by
5-8 cm. Girls’ growth spurt begins at 10-11 years. Boys’ growth spurt
begins at 12-13 years. About 25% of height is gained in adolescence.
This requires increases of energy, protein, and several vitamins and
minerals (see Table 11.1 in ‘Dietary recommendations for children and
adolescents’, this chapter). If energy needs are not met this can result
in stunting or delayed growth. Once the growth spurt is over, nutrient
requirements become those of adults. During this period there is
t muscle growth in boys and adipose fat in girls. Genes have the
strongest influence on onset of menarche.

See girls’ and boys’ growth charts (518 years chart) in Appendix 2.
These have been endorsed by the Royal College of Paediatrics and Child
Health and the DH. These are available from the Child Growth Founda-
tion (www.childgrowthfoundation.org). See discussion in ‘Infant growth
and development’ in chapter 10.

The charts have 9 reference centiles of 0.4th, 2nd, 9th, 25th, 50th, 75th
91st, 98th, and 99.9th, e.g.

e 98th centile curve, below which 98% of UK children lie;
e 50th centile curve, below which 50% of UK children lie;
e 2nd centile curve, below which only 2% of UK children lie.



www.childgrowthfoundation.org

This page intentionally left blank



258 WHAT CHILDREN AND ADOLESCENTS ARE EATING

What children and adolescents are
eating

The UK Natlonal Diet and Nutrition Survey of 4 to 18 year olds
(DH, 2000)' found the following.
o Children are not eating enough fruit and vegetables (~2 portions/day).
e One in five children does not eat any fruit in a week.
o Children in the lowest income groups are about 50% less likely to
eat fruit and vegetables.
o Diets are high in total fat and saturated fat, non-milk extrinsic
sugars, and salt; low in NSP.
Boys are less likely to consume a healthy diet.
o Girls are most at risk from inadequate calcium and iron intakes.

Other features of children’s habits

Missing breakfast  In the UK ~8% of younger children and up to 20% of
adolescents miss breakfast every day. This has been linked to poor con-
centration and ¥ cognitive performance late morning.

Drinking alcohol Especially binge drinking in adolescence. Weekly alcohol
consumption amongst Welsh adolescents is higher than for any other
European country, with England and Northern Ireland not far behind.
The WHO? estimated that 47% of boys and 36% girls aged 15 drink
alcohol >once/week. In the UK, alcohol consumption and smoking are
increasing, particularly in girls. Alcohol provides extra calories (could lead
to weight gain) and could displace nutrient rich foods in the diet.
Sedentary behaviour The Chief Medical Officer recommends that all
young people aged 5-18 years should participate in physical activity of at
least moderate intensity for one hour a day. This can be accumulated
throughout the day, e.g. 4 times 15 minutes, and can be through struc-
tured exercise, sport, or everyday physical activity as part of habits.

Only about 70% of boys and 61% of girls (2-15 years old) are

meeting this recommendation’.

Physical activity levels tend to fall with age and by age 15, only 50%

of girls achieve the recommended levels of activity. Boys activity

levels are fairly constant up to 15 years, when they start to decline.
Children can practise sport or exercise but still have an otherwise
sedentary way of life, e.g. television and computer viewing. High
number of hours of television viewing is associated with 1 risk of
obesity.

Snacking Adolescents eat at least 3 snacks/day, contributing ~25% of
daily dietary energy. Snacking can have a negative effect on the nutritional
value of the diet as snacks are often low in calcium, iron and high in
saturated fat and sugar. Most popular are crisps, sweets, biscuits, sand-
wiches, fruit, and milk chocolate. The box lists some healthy alternatives.

! Gregory, ). and Lowe, S. (2000). National Diet and Nutrition Survey: young people aged 4-18
ears. HMSO, London.
Jernigan, DH. (2001). Global status report: alcohol and young people. WHO, Geneva.

3 Department of Health (2003). Health Survey for England 2002. HMSO, London.
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Healthy snack suggestions

Fruit

Vegetables: sticks of carrot, celery, cucumber; cherry tomatoes
Toast, teacakes, scone

Fruit or malt loaf

Oat cakes

Crackers

Rice cakes

Bread sticks

Bagels

Mixed nuts and raisins

Popcorn (unsweetened)

Plain biscuits

Glass of milk

Cubes or slices of cheese

Yogurt/fromage frais (lower sugar varieties)
Low sugar cereal and milk
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DIETARY RECOMMENDATIONS FOR CHILDREN & ADOLESCENTS

Dietary recommendations for children
and adolescents

The ‘Balance of good health” eating model (in ‘Food-based dietary guide-
lines’ in chapter 2) applies to older children (=5 years) and adolescents,
as there is evidence that early atherosclerotic plaques can develop from
adolescence - CVD in later life.

In addition to a balanced diet, advise:

Extra calcium requirements gained from drinking the equivalent

of 1 pint of milk a day (see ‘Calcium’ in chapter 5 for equivalents);
Regular meals if possible, healthy snack meals if not (see box on
previous page);

Offering praise when a healthy food is offered as this leads to t
consumption of the food in younger children;

Parents to make healthy foods easily available and serve these foods in
positive mealtime situations;

As children prefer familiar foods, repeated exposure to new foods

can alter the response from rejection to acceptance;

Interventions promoting familiarity with foods, e.g. fruit and

vegetable tasting, can increase consumption;

Eating with peers can have a positive effect on eating behaviour.

RNIs vary for age and gender and are related to growth needs; ... they
reflect differences in growth rates and body composition (Table 11.1).
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Table 11.1 RNI for school-aged children and adolescents*

7-10y 11-14y 15-18y
Nutrient! Male  Female Male  Female Male Female
Energy (kcal) 1970 1740 2220 1845 2755 2110
Protein (g) 283 283 421 412 552 450
Fluid (mUkg) 75 75 55 55 50 50
Vitamin C (mg) 30 30 35 35 40 40
Vitamin A (ug) 500 500 600 600 700 600
Folic acid (ug) 150 150 200 200 200 200
Thiamine (mg) 0.7 07 0.9 0.7 1.1 0.8
Riboflavin (mg) 1.0 1.0 12 1.1 1.3 1.1
Niacin (mg) 12 12 15 12 19 14
Vitamin B12 (ug) 1.0 1.0 12 12 15 1.5
Iron (mg) 8.7 87 1.3 148 113 148
Calcium (mg) 550 550 1000 800 1000 800
Phosphorus (mg) 450 450 775 625 775 625
Magnesium (mg) 200 200 280 280 300 300
Zinc (mg) 7.0 7.0 9.0 9.0 95 95
Selenium (ug) 30 30 45 45 70 60
Copper (mg) 0.7 0.7 0.8 0.8 1.0 1.0

* Department of Health (1991) Dietary reference values for food and nutrients for the United
Kingdom. HMSO, London.

" In the UK there is not much evidence of difference in requirements for different ethnic
groups except for vitamin D supplements for those Asian schoolchildren who have a lack of
sunlight exposure.
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NUTRITIONAL PROBLEMS OF CHILDREN AND ADOLESCENTS

Nutritional problems of children
and adolescents

Obesity/overweight

t in childhood obesity worldwide as widespread transition to energy
dense diet and ¢ in physical activity. This is also the case in the UK,
where an estimated sixth (16%) of boys and girls aged 2-15 y are obese
and almost a third (30%) are either overweight or obese . Prevalence of
obesity increases with age.

Classification of childhood obesity

Assigning cut-off points for childhood obesity is more complex than for
adults. BMI percentile chart should be used to identify obesity and the
UK 1990 chart is recommended for routine clinical diagnosis. Overweight
is classified as =91st centile; and obesity =98th centile of the UK 1990
data. For epidemiological studies, an internationally acceptable definition”
to classify prevalence of child overweight (>85th centile) and obesity
(295th centile) of the 1990 data is recommended.’

Immediate effects on health In extreme cases of childhood obesity,
children can develop cardiomyopathy, pancreatitis, orthopaedic disor-
ders, upper airway obstruction, or chest wall restriction.

Effects on well-being

Besides physical aspects, children also suffer from ¢ self-esteem, ¢ social
interaction, and poorer academic achievement. Earlier puberty may also
— emotional problems as a mismatch between physical and emotional
development can — higher expectations from adults. However obesity
limited to childhood has little impact on social, psychological, economic,
and educational outcomes in adult life. Persistent child to adult obesity is
associated with poorer employment and relationship outcomes in
females only.

Long-term effect on health

The t prevalence of obesity and overweight combined with a diet low in
fruit and vegetables, high in saturated fat, and low in calcium and low
physical activity means that it is likely that there will also be an * risk of
type Il diabetes, CVD, suboptimal peak bone mass, osteoporosis, gall-
stones, and diet-related cancers in later life, especially if the increase in
obesity is sustained in adult life. Older obese children are at a higher risk
of becoming obese adults, but not all obese children become obese
adults.

! Department of Health (2003). Health survey for England 2002. HMSO, London.

% Cole, TJ. et al. (2000). Establishing a standard definition for child overweight and obesity
worldwide: international survey. Br. Med. J. 320,1240-3.

* For further information: Management of obesity in children and young people report. A clinical
national guidelines available at www.sign ac.uk.


www.sign.ac.uk
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Not achieving peak bone mass
Adolescence is a critical period with ~25-40% of peak bone mass laid

d
b

own at this time in @, whilst ~90-95% of peak bone mass is attained
y 30 years of age. Adequate calcium and phosphate intake is neces-

sary combined with weight-bearing physical activity to maximize peak bone
mass.

C

In the UK, more girls than boys do not achieve the lower RNI for
alcium, as 24% of 11-14 y old girls and 19% of 15-18 y old girls do not

meet requirements (~half of this for boys).

S

Chronic dieting to lose weight in girls is also likely to contribute to
uboptimal peak bone mass and osteoporosis in later life.

Iron deficiency anaemia

Iron is the most prevalent nutrient deficiency in UK girls: 45-50% of
11-18 y olds do not meet the lower recommended intake (LRNI).
27% of 15-18 y old girls have low iron stores and 9% are anaemic.
Low intakes in UK girls are often due to lower meat consumption and
restricted energy intakes as iron requirement * with onset of
menstruation.

Low iron intakes are associated with ¥ physical activity - + peak
bone mass."

Adolescent girls living in the UK who are non-Caucasians or
vegetarian have poorer iron status than Caucasians or meat eaters.

Foods rich in iron (see ‘Iron’ in Chapter 5 for full list)

Peanut butter sandwiches

Fortified breakfast cereals

Dried apricots and raisins

Red meat, e.g. beef, pork, lamb, lean mincemeat, ham
Egg yolk

Leafy green vegetables

Peas, beans, and lentils

[
[ ]
°
[ ]
°
[
[ ]
e Tinned tuna and salmon

Constipation
Constipation due to low fibre intake and sometimes low fluid intake is

r

elatively common in UK children. Encouraging fresh and dried fruit and

vegetables for pectins, bread and breakfast cereals for cereal fibre, will

relieve symptoms along with plenty of fluid, preferably as water. Children’s

access to fluid may be restricted during the school day; if so, they should
be encouraged to carry bottled water/sugar-free fluids with them. They
may intentionally restrict their fluid intake to reduce frequency of mic-

t

4

4

urition.

Data from Gregory, J. and lowe, S. (2000). National Diet and Nutrition Survey: young people aged
—18 years. HMSO, London.
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Unnecessary dieting

Around a fifth of UK female adolescents are dieting to lose weight at any
time with little evidence of a structured weight-reducing plan. Inappropri-
ate approaches are common, such as crash diets, binge eating, chaotic
eating plans, missing meals, eating slimming products (alongside energy
dense foods), replacing meals with high sugar and fat snacks. This can lead
to low intakes of several nutrients, especially iron, calcium, vitamin B, and
riboflavin, as well as t risk of developing eating disorders. See ‘Eating
disorders’ in Chapter 27.

Underweight

Undernutrition in childhood and adolescence can result in stunting, i.e.
inability to achieve inherited potential. Undernutrition may also impact
on school achievement.

Diagnosis of stunting in adolescents: height for age <3rd centile of WHO
reference data or <—2 Z-scores.

Diagnosis of thinness in adolescence: BMI < 5th centile of WHO refer-
ence data. See ‘Malnutrition universal screening tool” and ‘Undernutrition’
in Chapter 16.

Vegetarianism

Vegetarian adolescents are at particular risk of inadequate diet if they are
the only vegetarian in the house, as they may tend to eat the same as the
rest of the family except ‘remove’ the animal protein aspect of the meal
and replace it with too much cheese or vegetarian ready meals such as
burgers, sausages, or pizza. They should replace it with suitable alterna-
tives (See ‘Vegetarians’ in Chapter 13). They may have less knowledge of
balanced vegetarian diet than adults resulting in low intakes of iron, zinc,
protein, and vitamin Bi,. Vegan children should be referred to see a
dietitian as careful planning is needed to supply nutrient requirements.

Acne

Young people often link acne with a diet high in fat and sugar, but there
is no evidence that diet is a factor in causing acne. Reassure them their
eating pattern is not responsible for their acne; genes are an important
determinant and this is one thing they can blame on their parents!

Dental health

In the UK, dental health in young people is improving, due to the intro-
duction of fluoride toothpaste in the 1970s. However, it’s still a public
health concern, particularly in socially deprived groups, possibly because
less preventive dentistry is practised; frequent consumption of sugary
foods and ¥ regular brushing - ¥ fluoride intake.
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Targeting for dental caries prevention is recommended as decay is
unevenly distributed in the UK population: 9% of 5 y olds and 6% of 14 y
olds have 50% of the disease (www.sign.ac.uk/pd1’/sign47.pdf).5

There is ongoing debate in the UK concerning introduction of fluoride
in non-water-fluoridated areas.

Causes of dental caries

e Frequent consumption of non-milk extrinsic sugars (glucose, sucrose,
fructose) plays an unequivocal role in dental caries development as
NMES act as a substrate for oral bacteria.

e Both quantity and stickiness of sugar affect length of time it takes for
surface pH to t to normal. Sticky foods may become stuck
in-between teeth and are in contact with teeth for longer.

Guidelines for good dental health

Advise children to:

o Decrease both quantity and frequency of sugar intake

e Avoid sugary foods in-between meals and just before bedtime

e Avoid drinks that are carbonated, acidic, or high in sugar in-between
meals (- dental erosion); water and milk are better choices

e Eat sweet foods (including dried fruit) with meals rather than

in-between (*saliva at end of meal - buffer of low pH)

Avoid eating sticky and chewy foods

Choose sugar-free medicines

Regular flossing and brushing with fluoride toothpaste, but not

immediately after consuming sweet foods/acidic drinks as 4

mineralization.

o Regular dental visits

Promoting healthy eating in children

See ‘model of a local school food policy’ (in examples of nutrition
policy in different settings) on p337 and see targeting children in national
food and nutrition policy for information on school meals and
national programmes.

® Further information is available from SIGN guideline ‘Preventing dental caries in children at high
caries risk' 2000. www.sign.ac.uk. Also See ‘Eating on a low income’ in Chapter 13, ‘Eating
disorders’ in Chapter 28, and Chapter 33.


www.sign.ac.uk/pdf/sign47.pdf
www.sign.ac.uk
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INFLUENCES ON CHILDREN’S FOOD CHOICES

Influences on children’s food choices

The key factors influencing the eating habits of children and adolescents
are shown in figure 11.1

Media and advertising

Children spend on average 2 h/day
watching TV

Food adverts during children's pro-
grammes are mainly for high fat and
sugar food and drink.

Unrealistic ideals of body image
portrayed of @ and subsequent desire
for thinness.

Environmental issues
~10% of teenage girls are
vegetarian/vegan, often due
to concern over animal
welfare

School Food choice in children and
adolescents

Influences food availabil-
ity, e.g. school meals,
vending machines, tuck
shops, classroom rewards. Family-parents
School meals/whole school Parents influence the
approach encouraged availability of food and act
as role models for their
children. They determine
whether the family eats
together: children eating
dinner with their families
+with age and has § over
time. This t likehood

for 'convenience' foods
and erratic eating patterns
— diets higher in
saturatedfat/sugar and
poorer in micronutrients

Peer group

Influence of peer pressure
increases with age and adolescent
girls are more likely to see friend's
support as key to maintaining
dietary change.

Eating with peers can have a
positive effect on eating behaviour

Available income

1in 3 children in the UK live in poverty,
which is associated with poor nutrition.
Convincing evidence that parents make
sacrifices so that children have similar
foods/snacks as other children to avoid
feeling excluded

Implications for nutrition education/health promotion A holistic approach
needs to be used to tackle the multitude of influences on food choice.
See ‘Influences on food choice’ in Chapter 14.
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Older people: introduction

The United Kingdom has an ageing population. The number of older
people (>65 y) is increasing and has doubled over the last 70 years.
Between 1971 and 2003 the number of people aged 65 and over rose by
28% while the number of under-16s fell by 18%. Life expectancy is
increasing steadily: men who are aged 65 can expect to live to the age of
81, while women can expect to live to the age of 84 (2003) and this is
projected to increase further. The vast majority of older people live in
the community, either with family or in their own homes, but around 5%
live in nursing and residential care homes, although this increases to over
26% of those aged >85 y.

The ageing process

The ageing process involves a range of physiological and biological
changes that vary between individuals. These influence digestive capacity,
{ taste and nasal sensitivity and ¥ LBM, t the relative proportion of
adipose tissue and subsequently + BMR.

What older people are eating

Older people are not a homogeneous group and the majority are
adequately nourished and meet the RNI for most vitamins and minerals.'
However, those living in institutions and in lower socio-economic groups
tend to have lower intakes of energy, protein, fibre, some vitamins and
minerals. Housebound and ‘institutionalized’ older people have poorer
vitamin D status, which is needed for the absorption of calcium and for
bone health. In some older people (>85 y), B vitamin status is poor,
particularly for folic acid. (See ‘Folate (folic acid)’ in Chapter 5 for good
sources.)

A traditional diet is common, especially amongst older people in insti-
tutions, and the most commonly consumed foods are potatoes, white
bread, biscuits, and tea.

There are categories of older people who are ‘at risk’ of malnutrition
(see ‘Undernutrition’, this chapter) and some of these depend on
whether the individual is ‘fit” or ‘frail’.

! Department of Health (1998). National diet and nutrition survey: people aged 65 years and over.
HMSO, London.
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DIETARY RECOMMENDATIONS FOR OLDER PEOPLE

Dietary recommendations for older
people

Some of the RNIs vary with age; .. they reflect differences in body
composition and needs. In adulthood, requirements fall for calcium,
phosphorus, niacin, thiamin (3" only) and iron (but not before 50 y in Q).
Requirements for copper and selenium increase in adult males. See
Appendix 6 for full dietary reference values for adults and older adults
aged >50 y. Vitamin D is the only nutrient where dietary requirement
increases (from zero to 10 pg from age 50 y) because some older people
will have less exposure to the sun and therefore their vitamin D
requirement will not necessarily be met by sunlight alone.

General healthy eating guidance (see ‘Balance of good health’ in ‘Food-
based dietary guidelines’, Chapter 2) applies to well older people (=65
years), as it a balanced, nutrient rich diet to meet requirements. In addi-
tion to a balanced diet based on the ‘Balance of good health’, older
people who are housebound will need to eat foods rich in vitamin D, e.g.
milk (doorstep deliveries if available), eggs, fortified margarines, oily fish.
The DH recommends regular sunlight exposure during May—September
and vitamin D supplements during winter months, if housebound." If fresh
fruit and vegetable consumption is difficult due to preparation or eating
difficulties, juices and frozen and canned produce should be encouraged,
as the nutrient value is just as rich.

Older people who are ‘frail’ are at higher risk of malnutrition, so the
aspects of healthy eating guidelines related to reducing consumption of
energy dense foods (from fat and sugar) are inappropriate. In practical
terms this means that full-fat milk and margarines will be preferable, and
sugar in the diet may provide useful calories and may help where taste
sensitivity is +. However, sweet foods need to be part of a nutrient-rich
diet and ideally eaten with meals (see dental health section).

! Department of Health (1998). National diet and nutrition survey. People aged 65 years and over.
HMSO, London.
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UNDERNUTRITION IN OLDER PEOPLE

Undernutrition in older people

There are categories of older people who are ‘at risk’ of malnutrition.
o People with difficulty eating, e.g. poor dentition or sore mouth,
masticating or swallowing disorders (see section on ‘Dysphagia’ in
‘Cerebrovascular accident/stroke’ in Chapter 19), sensory loss,
disorders of the upper limb, difficulty manipulating cutlery (could

be from arthritis).

People who depend on others, e.g. living in institutions (hospitals,

nursing, or residential care homes); depending on others to shop for

food (around half of older people rely on someone else to do some
of their food shopping).

o Older age groups (> 75 y).

Lower socio-economic groups: there is evidence that intakes of a

range of nutrients are less in older lower socio-economic groups,

especially magnesium and potassium in women. Access to shops

may be worse.

o People with illness-related malnutrition, e.g. malignancy, Parkinson’s
disease, pressure sores (*requirements).

o People in a vulnerable psychosocial situation, e.g. loneliness,
depression, dementia, bereavement — { appetite.

o People with physical difficulty in preparing food, e.g. painful/frail
hands from arthritis or reduced muscle strength, could — ¢ intake of
fresh fruit and vegetables.

o People on certain medication affecting appetite, taste, Gl tract (see
‘Drug—nutrient interactions’ in Chapter 8).

However, in most cases, the causes of undernutrition are multifactorial
but an awareness of some specific contributory factors is a valuable first

step in prevention. (see ‘Undernutrition’ in Chapter 16).

Nutrition screening for malnutrition risk factors in

older people

Classifying undernutrition in older people is concerned with establishing
risk. The consequences of failing to identify and treat undernutrition are
potentially serious and therefore caution should be used when interpret-
ing results. Vulnerable older people living in the community need regular
nutritional assessments by a member of the PHCT using a routine nutri-
tional screening tool (see ‘Malnutrition universal screening tool’ in Chap-
ter 16). Older people in residential homes should be assessed on entry
(dietary intake and weight) and then weighed monthly.
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Consequences of malnutrition in older people
The effects of undernutrition vary from subclinical, with no apparent
clinical impairment to death, and are dependent on the type, length, and
degree of nutritional inadequacy and the nutritional and health status of
the individual.

In addition to a significant increased risk of mortality, undernutrition is
associated with greater morbidity:
o Weight loss (predominantly fat and muscle), e.g. poorer

mobility, * risk of falls, t risk of chest infection;
o Reduced immune function, e.g. * rates of infection;
o Impaired synthesis of new protein, e.g. poor wound healing;
e Prolonged recovery from illness and hospital stays;
e Psychological, e.g. depression, anorexia, + motivation.
See ‘Undernutrition’ in Chapter 16.

Treatment of malnutrition

There is good evidence that nutritional support in older people can *

energy and protein intake, ¥ weight loss, * functional outcomes (muscle

strength, walking distances, activity levels, mental health) and clinical

outcomes (mortality, complications) in hospital and community settings.
Treatment options could include:

o Improving food access, e.g. arranging support through appropriate
carers, e.g. shopping, cooking, company whilst eating;

o Supplementation of food and/or drink using ordinary food items, e.g.
increasing energy /protein density of meals by fortifying, e.g. adding
butter and grated cheese to mash potato;

o Supplementation using proprietary products; some are available on
prescription or over the counter, e.g. milk or juice-based drinks,
soups, desserts.

Also see ‘Enteral feeding in Chapter 16.
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Tips for overcoming institutional factors contributing to
malnutrition in care homes and hospitals

v A named individual needs to be responsible for nutritional care

v/ Staff breaks do not coincide with mealtimes
Adequate staff to assist patients/residents with eating
Avoid medical rounds or investigations at mealtimes
Food served needs to meet nutritional recommendations
(catering staff may need extra training), i.e. average day’s food
intake, estimated over a 1 week period should meet EAR for
energy and RNI for other nutrients (Appendix 6)
Food needs to be at the right temperature for eating
Offer patients adequate choice with a varied meal cycle

v’ Provide facilities for patients/residents (who are able) to make
drinks and snacks
Provide storage facilities for patients’/residents’ own food
Evening meal should not be so early that patients/residents
are not yet hungry

v A bedtime snack should be available for those who are hungry later
in the evening

v Residents/patients should be consulted when devising new menus
Portion size should be flexible to allow for smaller and larger
appetites and needs
Environment should be conducive to eating, i.e. clean, light, relaxing,
as the social aspects of eating are important for well-being
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Other nutritional problems in
older people

Constipation

Constipation is relatively common in older people. Fibre and fluid intake
need to be assessed and increased consumption encouraged. (see ‘Dis-
orders of the colon’ in Chapter 21).

Iron deficiency anaemia

Around 10% of older people were found to be anaemic in a population
survey.! May be due to poor intake or 4 absorption from Gl disorders,
Gl blood loss. Encourage iron-rich foods and vitamin C consumption (see
Iron” in Chapter 5).

Arthritis See ‘Osteoarthritis’ and ‘Rheumatoid arthritis’, Chapter 33.

Osteoporosis

Osteoporosis and the subsequent fractures (hip, wrist, spine) are an
important cause of morbidity and mortality in older people. Calcium and
vitamin D intake, along with sunlight exposure, are important means of
maintaining bone health in older people. The DH recommends regular
sunlight exposure during May to September and vitamin D supplements
during winter months if housebound." Being under and overweight can
influence risk of osteoporosis. See ‘Osteoporosis’ in Chapter 33.

Dehydration

The risk of dehydration is more common in older people, especially those
dependent on others or where there is mental impairment. A daily intake
of 1500-2000 ml is recommended, around 6-8 mugs (1 mug = 250 ml).

Dementia See ‘Dementia’ in Chapter 27.

! Department of Health (1998). National diet and nutrition survey’ people aged 65 years and over.
HMSO, London.
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COMMUNITY SUPPORT STRATEGIES

Community support strategies for
promoting a healthy diet for
older people

Possible strategies include:

e Community shopping facilitiess/home delivery: serving isolated
shoppers, usually grocery produce.

Community cafés: where older people can eat a cheap meal in a
sociable setting, e.g. at pensioners clubs, community centre.

o Community transport: to help bring older people that are isolated
from shops nearer to them. Could be run by a local supermarket
or local authority funded.

Cooking club: practical group cooking sessions to improve food
skills working with a health professional. Members of the group will
cook and taste different recipes.

Box schemes: customers receive a weekly box of fresh fruit and
vegetables from a farmer that is distributed to a central place in the
community. A group of people have to buy food regularly. Prices
are more affordable as bought directly from the farmer.

Lunch clubs and meals on wheels: provide hot meals for older and
disabled people; may be run by the local authority or a voluntary
organization such as Age Concern or the WRVS (largest provider).
The average meal over a 1-2 week period should provide >33% of
RNI, except that energy, folate, vitamin C, calcium, and iron should
be higher.

e Grow your own, e.g. growing food in allotments and back gardens.
Developing a food policy for older people including guidelines for care
homes (see Fig. 12.2 and box in ‘Undernutrition’, this Chapter).

Model of a food policy for older people
The composition of working party could be as follows.
Dietitians working with older people.

GPs, hospital doctors.

Social services; social worker.

Community dental health service.
Community nurses.

Older people’s hospital nurses.

Age Concern representative.

Representative of residents/patients.
Residential care home representative.
Occupational therapist.
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Fig. 12.1 A suggested format for a joint community—hospital-based food policy for
older people.
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FURTHER INFORMATION

Further information

www.ageconcern.org.uk

Caroline Walker Trust (1995). Catering for older people in residential
Accommodation. CORA menu planner. Available from CWT, Abbots Langley,
Herts. WD5 ODQ.

Caroline Walker Trust (1998). Eating well for older people with dementia.
Available from CWT, Abbots Langleys Herts. WD5 ODQ.

Caroline Walker Trust (2004). Eating well for older people—nutritional
and Practical guidelines. Available from CWT, Abbots Langley, Herts.
WD5 ODQ.
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MINORITY ETHNIC COMMUNITIES

Minority ethnic communities

Traditional dietary habits and food restrictions
Traditional food restrictions for ethnic minority communities that are
predominant in the UK are shown in Tables 13.1-13.3. There is a great
deal of variety in dietary habits within all communities, including those of
minority ethnic and religious groups; it is essential to find out the nature

of the individual’s restrictions; ..

one cannot assume anything. However,

it is important to be aware of these orthodox food restrictions, even
though there is great diversity in following them within UK minority
ethnic communities. Younger generations of some ethnic groups are
more likely to adopt a mixed diet incorporating that of the majority
culture.

Implications for nutrition education

Promote positive aspects of trad