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Preface

In 1987 the Committee on Medical Aspects of Food Policy (COMA) convened a
Panel to review the Recommended Daily Amounts of food energy and nutrients
for groups of people in the United Kingdom (DHSS, 1979). The Panel itself met
on 7 occasions; teviewed much published information and received contribu-
tions from a number of independent experts. The Panel also set up four expert
Working Groups to report on energy and protein; fat and carbohydrate;
vitamins; and minerals. The Working Groups carried out the majority of the
work, meeting on a total of 35 occasions. Their reports to the Panel form the
major part of this Report.

The Dietary Reference Values derived by the Panel differ in a number of ways
from the 1969 UK Recommended Daily Intakes (RDIs) and from the 1979 UK
Recommended Daily Amounts (RDAs). The most obvious change is the range
of nutrients covered. Previously COMA has considered only 10 nutrients in
detail; this time the number is around 40.

We have changed the nomenclature in this Report because terms such as
Recommended Daily Intakes (RDIs) and Recommended Daily Amounts
(RDAs) have often led to misinterpretation. The new Reference Nutrient Intake
(RNI) and the traditional RDI both represent best estimates of the requirement
of those few members of the community with particularly high needs. Adopting
such a stringent yardstick makes strategic sense but incorporating the descrip-
tive term ‘recommended’ has led many to believe it represents the minimum
desirable intake for healthy life. In reality, for the great majority of the
population, the RNI or RDA is substantially more than individual needs. The
Panel therefore introduced two other values for many nutrients, to provide
more guidance in particular for interpretation of dietary surveys.

For the first time we have also amalgamated figures for food constituents such
as fats and carbohydrates with those for micronutrients. This is because the
average consumer sees no obvious distinction between ‘nutrient requirements’
and ‘dietary recommendations for health’.

A final, but important, innovation was the decision to invite four non-UK
European scientists to join our deliberations. By doing so we have been able to
draw upon a wider range of experience and hope the UK Dietary Reference
Values (DRVs) will be of particular help to the European Community as well as
to nutritional science as a whole.

SIR DONALD ACHESON
Chairman of Committee on Medical Aspects of Food Policy
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Glossary of Terms and
Abbreviations

Terms relating to weight measurement

g
mg
ug
ng
kg

mmol

gram

milligram or 10-3 g or one-thousandth of 1 g
microgram or 10— 9 g or one-millionth of 1 g
nanogram or 10—2 g or one-thousand-millionth of 1 g
kilogram or 103 g or 1000 g

millimol = Atomic or molecular weight of element or compound in
gx10-3,

Terms relating to energy

kcal

kJ

MJ
BMR

PAL

kilocalorie =103 or 1000 calories. A unit used to measure the energy
value of food

kilojoule =103 or 1000 joules. A unit used to measure the energy value
of food

lkcal=4.18 kJ
megajoule=10¢ J or 1 million joules

Basal Metabolic Rate. Rate at which the body uses energy when the
body is at complete rest. Values depend on age, sex, body weight. For a
65 kg man, BMR is about 7.56 MJ/d. For a 55 kg woman, BMR is
about 5.98 MJ/d

Physical Activity Level. A multiple of BMR; the ratio of overall daily
energy expenditure to BMR. Values range from 1.4 (for a person with
light energy expenditure in work who has non-active leisure pursuits) to
1.9 (for a man in energy-demanding work whose leisure time pursuits
are also energy demanding.)

Terms relating to energy and nutrient intakes

RDI

RDA

DRV

iv

Recommended Daily Intakes of Nutrients for the United Kingdom,
1969.

Recommended Daily Amounts of Food Energy and Nutrients for
Groups, of People in the United Kingdom, 1979.

Dietary Reference Value. A term used to cover LRNI, EAR, RNI and
safe intake.



EAR  Estimated Average Requirement of a group of people for energy or
protein or a vitamin or mineral. About half will usually need more than
the EAR, and half less.

LRNI Lower Reference Nutrient Intake for protein or a vitamin or mineral.
An amount of the nutrient that is enough for only the few people in a
group who have low needs.

RNI  Reference Nutrient Intake for protein or a vitamin or mineral. An
amount of the nutrient that is enough, or more than enough, for about
97% of people in a group. If average intake of a group is at RNI, then
the risk of deficiency in the group is very small.

Safeintake A term used to indicate intake or range of intakes of a nutrient for
which there is not enough information to estimate RNI, EAR or LRNI.
It is an amount that is enough for almost everyone but not so large as to
cause undesirable effects.

Terms relating to fat

Fat Dietary fat—usually triglycerides ie 3 fatty acid molecules joined to 1
molecule of glycerol.

Fatty acid A molecule of variable length consisting mainly of a carbon chain
to which hydrogen atoms are attached.

Essential fatty acid (EFA) One which cannot be made in the body and which
must be supplied by food.

Saturated fatty acid (SFA) One which contains the maximum possible
number of hydrogen atoms.

Monounsaturated fatty acid One in which each molecule has 2 hydrogen
atoms missing.

Polyunsaturated fatty acid (PUFA) A fatty acid in which each molecule has
more than 2 hydrogen atoms missing.

cis and trans isomers Terms which relate to the spatial arrangement of atoms
in molecules such as monounsaturated or polyunsaturated fatty acids.
Most fatty acids which occur naturally in foods are cis.

Cholesterol It may be ingested in foods such as egg yolk, offal but most is
made in the body. An essential component of every living cell wall.
May be converted to vitamin D, and is transported around the body in
blood.

LDL Low Density Lipoprotein. One of several proteins in the blood which
transport cholesterol around the body. LDL is thought to be the form
in which cholesterol is deposited in artery walls.



Terms relating to carbohydrates
Monosaccharides Single-molecule sugars which include glucose and fructose.

Disaccharides Sugars whose molecules consist of 2 monosaccharides joined
together. Examples are sucrose (consisting of 1 glucose and 1 fructose
molecule) and lactose (consisting of 1 glucose and 1 galactose
molecule).

Polysaccharides Carbohydrates whose molecules consist of many monosac-
charides eg starch which is many glucose molecules joined together.

NSP  Non-starch polysaccharides. A precisely measurable component of
foods. The best measure of ‘dietary fibre’.

Simple sugars Monosaccharides and disaccharides.
Intrinsic sugars Any sugar which is contained within the cell wall of the food.

Extrinsic sugars Any sugar which is not contained within cell walls. Examples
are the sugars in honey, table sugar and lactose in milk and milk
products.

Non-milk extrinsic sugars Extrinsic sugars except lactose in milk and milk
products.

Terms relating to proteins

Amino acid One of 20 molecules which, when joined together, make up
proteins. There are many different types of proteins in food and the
human body, the nature of each depending on the types of amino acids
present, the proportions and the order in which they occur.

Indispensible amino acid (IAA) An amino acid which cannot be made in the
body—either at all or not fast enough for the body’s need—and which
must be taken in food. There are 8 for adults and 10 for infants.
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Summary tables

THE FOLLOWING TABLES SET OUT IN SUMMARY FORM THE
FINDINGS OF THE PANEL:

Estimated Average Requirements for Energy

Dietary Reference Values for Fat and Carbohydrate

Reference Nutrient Intakes for Protein

Reference Nutrient Intakes for Vitamins

Reference Nutrient Intakes for Minerals

Safe Intakes

Table 1.1 Estimated Average Requirements (EARs) for Energy

Table 1.1
Table 1.2
Table 1.3
Table 1.4
Table 1.5
Table 1.6

Age EARs
MIJ/d (kcal/d)
males females

0-3 months 2.28 ( 545) 2.16 ( 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/(1,715) 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 (2,755) 8.83 (2,110)
19-50 years 10.60- (2,550) 8.10 (1,940)
51-59 years 10.60 (2,550) 8.00 (1,900)
60-64 years 9.93 (2,380) 7.99 (1,900)
65-74 years 9.71 (2,330) 7.96 (1,900)
75+ years 8.77 (2,100) 7.61 (1,810)
Pregnancy +0.80*( 200)
Lactation:

1 month +1.90 ( 450)
2 months +2.20 ( 530)
3 months +2.40 ( 570)
4-6 months (Group 1)** +2.00 ( 480)
4-6 months (Group 2) +2.40 ( 570)
> 6 months (Group 1) +1.00 ( 240)
> 6 months (Group 2) +2.30 ( 550)

*last trimester only
**See para 2.5.2

Xix



Table 1.2 Dietary Reference Values for fat and carbohydrate for adults as a percentage of
daily total energy intake (percentage of food energy)

Individual Population Individual
minimum average maximum
Saturated fatty acids 10 (11)
Cis-polyunsaturated fatty
acids 6 (6.5) 10
n-3 0.2
n-6 1.0
Cis-monounsaturated fatty
acids 12 (13)
Trans fatty acids 2
Total fatty acids 30 (32.5)
TOTAL FAT 33 (35)
Non-milk extrinsic sugars 0 10 (11)
Intrinsic and milk sugars and
starch 37 (39)
TOTAL CARBOHYDRATE 47 (50)
NON-STARCH
POLYSACCHARIDE (g/d) 12 18 24

The average percentage contribution to total energy does not total 100% because figures for protein
and alcohol are excluded. Protein intakes average 15 per cent of total energy which is above the
RNI. It is recognised that many individuals will derive some energy from alcohol, and this has been
assumed to average 5 per cent approximating to current intakes. However the Panel allowed that
some groups might not drink alcohol and that for some purposes nutrient intakes as a proportion of
food energy (without alcohol) might be useful. Therefore average figures are given as percentages
both of total energy and, in parenthesis, of food energy.



Table 1.3 Reference Nutrient Intakes for Protein

Age Reference
Nutrient
Intake2
g/d

0-3 months 12.5%

4-6 months 12.7

7-9 months 13.7

10-12 months 14.9

1-3 years 14.5

4-6 years 19.7

7-10 years 28.3

Males:

11-14 years 42.1

15-18 years 55.2

19-50 years 55.5

50+ years 53.3

Females:

11-14 years 41.2

15-18 years 45.0

19-50 years 45.0

50+ years 46.5

Pregnancy* + 6

Lactatione:

0-4 months +11

4+ months + 8

a These figures, based on egg and milk protein, assume
complete digestibility.

b No values for infants 0-3 months are given by WHO. The
RNI is calculated from the recommendations of COMA.
(See Table 7.1)

¢ To be added to adult requirement through all stages of
pregnancy and lactation.
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Table 1.4 Reference Nutrient Intakes for Vitamins

Age Thiamin Riboflavin Niacin Vitamin Vitamin Folate Vitamin C Vitamin A Vitamin D

(nicotinic B6 B12

acid

equivalent)

mg/d mg/d mg/d mg/dt pg/d pg/d mg/d pug/d pg/d

0-3 months 0.2 0.4 3 0.2 0.3 50 25 350 8.5
4-6 months 0.2 0.4 3 0.2 0.3 50 25 350 8.5
7-9 months 0.2 0.4 4 0.3 0.4 50 25 350 7
10-12 months 0.3 0.4 5 0.4 0.4 50 25 350 7
1-3 years 0.5 0.6 8 0.7 0.5 70 30 400 1
4-6 years 0.7 0.8 11 0.9 0.8 100 30 400 —
7-10 years 0.7 1.0 12 1.0 1.0 150 30 500 —
Males
11-14 years 0.9 1:2 15 1.2 1.2 200 35 600 -
15-18 years 1.1 1:3 18 1:5 1.5 200 40 700 —
19-50 years 1.0 1.3 17 1.4 1.5 200 40 700 —
50+ years 0.9 1.3 16 1.4 1.5 200 40 700 n
Females
11-14 years 0.7 1.1 12 1.0 1.2 200 35 600 —
15-18 years 0.8 1.1 14 1.2 15 200 40 600 -—
19-50 years 0.8 1.1 13 1.2 f 1:5 = 200 40 600 —
50+ years 0.8 1. 12 1.2 IS 200 40 600 e
Pregnancy +0. ]k +0.3 * ‘ * +100 + 10*** +100 10
Lactation:
0-4 months +0.2 +0.5 +2 . +0.5 + 60 +30 +350 10
4+ months +0.2 +0.5 +2 * +0.5 + 60 +30 +350 10

*No increment  **After age 65 the RNI is 10 ug/d for men and women  ***For last trimester only ~ tBased on protein providing 14.7 per cent of EAR for energy
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Table 1.5 Reference Nutrient Intakes for Minerals (SI Units)

Age Calcium Phosphorus! Magnesium Sodium Potassium  Chloride*  Iron Zinc Copper >Selenium Iodine

mmol/d mmol/d mmol/d mmol/d mmol/d mmol/d pmol/d pmol/d pmol/d pmol/d pmol/d

0-3 months 13.1 13:1 2:2 9 20 9 30 60 5 0.1 0.4
4-6 months 13.1 13.1 235 12 22 12 80 60 S 0.2 0.5
7-9 months 13.1 13°1 352 14 18 14 140 75 5 0.1 0.5
10-12 months 1351 13.1 33 15 18 15 140 75 S 0.1 0.5
1-3 years 8.8 8.8 335 22 20 22 120 75 6 0.2 0.6
4-6 years 11.3 11.3 4.8 30 28 30 110 100 9 0.3 0.8
7-10 years 13.8 13.8 8.0 50 50 50 160 110 11 0.4 0.9
Males
11-14 years 25.0 25.0 11.5 70 80 70 200 140 13 0.6 1.0
15-18 years 25.0 25.0 12:3 70 90 70 200 145 16 0.9 1.0
19-50 years 17.5 17:5 12.3 70 90 70 160 145 19 0.9 1.0
50+ years 17.5 17.5 12.3 70 90 70 160 145 19 0.9 1.0
Females
11-14 years 20.0 20.0 11.5 70 80 70 2605 140 13 0.6 1.0
15-18 years 20.0 20.0 12.3 70 90 70 2605 110 16 0.8 il
19-50 years 17:5 17.5 10.9 70 90 70 2605 110 19 0.8 18]
50+ years 17-5 17.5 10.9 70 90 70 160 110 19 0.8 171
Pregnancy * * * * * * * * » * *
Lactation:
0-4 months +14.3 +14.3 +2.1 > * S L +90 +5 +0.2 >
4+ months +14.3 +14.3 +2.1 * v * * +40 +5 +0.2 *
*No increment IPhosphorus RNI is 2] mmol sodium 31 mmol 4Corresponds SInsufficient for women with high menstrual losses where
set equal to calcium in =23 mg potassium to sodium the most practical way of meeting iron requirements is to
molar terms =39 mg 1 mmol=135.5 mg take iron supplements (see table 28.2)
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Table 1.5 Reference Nutrient Intakes for Minerals (continued)

Age Calcium Phosphorus! Magnesium Sodium Potassium  Chloride#  Iron Zinc Copper Selenium Todine
mg/d mg/d mg/d mg/d? mg/d3 mg/d mg/d mg/d mg/d pg/d pg/d
0-3 months 525 400 55 210 800 320 1:7 4.0 0.2 10 50
4-6 months 525 400 60 280 850 400 4.3 4.0 0.3 13 60
7-9 months 525 400 75 320 700 500 7.8 5.0 0.3 10 60
10-12 months 525 400 80 350 700 500 7.8 5.0 0.3 10 60
1-3 years 350 270 85 500 800 800 6.9 5.0 0.4 15 70
4-6 years 450 350 120 700 1,100 1,100 6.1 6.5 0.6 20 100
7-10 years 550 450 200 1,200 2,000 1,800 8.7 7.0 0.7 30 110
Males
11-14 years 1,000 775 280 1,600 3,100 2,500 11.3 9.0 0.8 45 130
15-18 years 1,000 775 300 1,600 3,500 2,500 113 9.5 1.0 70 140
19-50 years 700 550 300 1,600 3,500 2,500 8.7 9.5 1.2 75 140
50+ years 700 550 300 1,600 3,500 2,500 8.7 9.5 1.2 75 140
Females
11-14 years 800 625 280 1,600 3,100 2,500 14.85 9.0 0.8 45 130
15-18 years 800 625 300 1,600 3,500 2,500 14.85 7.0 1.0 60 140
19-50 years 700 550 270 1,600 3,500 2,500 14.85 7.0 1.2 60 140
50+ years 700 550 270 1,600 3,500 2,500 8.7 7.0 1.2 60 140
Pregnancy * * * * * * * * * * *
Lactation:
0-4 months +550 +440 + 50 L * ¥ * +6.0 +0.3 +15
4+ months +550 +440 + 50 * ¥ e o +2.5 +0.3 +15
*No increment 1Phosphorus RNI is 2] mmol sodium 31 mmol 4Corresponds SInsufficient for women with high menstrual losses where
set equal to calcium in =23 mg potassium to sodium the most practical way of meeting iron requirements is to

molar terms =39 mg 1 mmol=35.5 mg take iron supplements (see table 28.2)



Table 1.6 Safe intakes

Nutrient safe intake*
Vitamins:
Pantothenic acid
adults 3-7 mg/d
infants 1.7 mg/d
Biotin 10-200 pg/d
Vitamin E
men above 4 mg/d
women above 3 mg/d
infants 0.4 mg/g polyunsaturated fatty
acids
Vitamin K
adults 1 pg/kg/d
infants 10 pg/d
Minerals:
Manganese
adults . above 1.4 mg (26 umol)/d
infants and children above 16 ug (0.3 umol)/kg/d
Molybdenum
adults 50-400ug/d
infants, children and
adolescents 0.5-1.5 pg/kg/d
Chromium
adults above 25 ug (0.5 umol)/d

children and adolescents

Fluoride

children over 6 years and adults

children over 6 months
infants under 6 months

0.1-1.0 g (2-20 nmol)/kg/d

0.5 mg/kg/d (3 umol/kg/day)
0.12 mg/kg/d (6 umol/kg/day)
0.22 mg/kg/d (12 umol/kg/day)

*See para 1.3.18



1. Introduction

1.1 Background to the Panel The Panel on Dietary Reference Values was set
up in 1987 by the Committee on Medical Aspects of Food Policy (COMA) to
review the Recommended Daily Amounts (RDAs) of food energy and nutrients
for groups of people in the United Kingdom which had been set in 1979. The
Panel recognised from the outset that this was such a major task that it could be
completed only by the creation of expert Working Groups to consider various
classes of nutrients and to report their considerations and conclusions to the
Panel. Four Working Groups were convened to review requirements for energy
and protein; for fat and carbohydrate; for vitamins; and for minerals.

1.2 Terms of Reference of the Panel

‘To review the Recommended Daily Amounts (RDAs) for food energy and
nutrients for groups of people in the United Kingdom.’

1.3 Interpretation of the Terms of Reference

1.3.1 The definition of the Recommended Daily Amount (RDA) for a
nutrient which was used in the previous Report of the Committee on Medical
Aspects of Food Policy! is ‘the average amount of the nutrient which should be
provided per head in a group of people if the needs of practically all members of
the group are to be met’. This was framed in an attempt to make it clear that the
amounts referred to are averages for a group of people and not amounts which
individuals must consume. In the earlier report published by COMAZ2 the
definition of Recommended Intakes was ‘the amounts sufficient, or more than
sufficient, for the nutritional needs of practically all healthy persons in a
population’. The word ‘Intakes’ was used to emphasise that the recommenda-
tions related to foods as actually eaten.

1.3.2 In considering the options available this Panel was conscious not only of
these differences in UK definitions but also of the variety of different
definitions in other countries. The Panel was however aware of the continuing
potential for misuse and misinterpretation of any single figure, however
defined: To minimise this and to help users to interpret dietary information on
both groups and individuals the Panel decided to try to set a range of intakes
based as far as possible on its assessment of the distribution of requirements for
each nutrient. The Panel called these various figures Dietary Reference Values
(DRVs) and the Panel adopted the title of the Panel on Dietary Reference
Values.

1.3.3 The Panel considered that this change in approach and nomenclature
would reduce the chance of misunderstanding the true nature of its figures as
estimates of reference values and not as recommendations for intakes by
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individuals or groups. These reference values can be deployed in a variety of
ways, for instance as yardsticks for the assessment of dietary surveys and food
supply statistics; to provide guidance on appropriate dietary composition and
meal provision; or for food labelling purposes. The appropriate DRV varies
with the purpose for which it is intended. The Panel was strongly of the opinion
that all the values should be closely related to the biological parameters used to
derive the figures, irrespective of the intended use. These values can be used as
the basis for recommendations in a number of areas in which the Panel had no
specific expertise, eg agriculture, economics and sociology, which require the
use not. bnly of the reference values but of other sets of knowledge and
judgements as well.

1.3.4 Criteria of adequacy 'Requirements for a nutrient differ from one
individual -tgj another and may also change with alterations in the composition
and naturé of the diet as a whole, because such alterations may affect the
efficiency with which nutrients are absorbed and/or utilized (Annex 8).
Classically the requirement of an individual for a nutrient has been the amount
of that nutrient required to prevent clinical signs of deficiency. While this must
always be an important element in defining a requirement, it can be argued that
societies should expect more than the basic need to avoid deficiency, and that
some allowance should be made, where appropriate, for a degree of storage of
the nutrient to allow for periods of low intake or high demand without
detriment to health. Claims have also been made that at very high levels of
intake some nutrients have especially beneficial or therapeutic effects but the
Panel decided that these effects did not fall within their definition of require-
ment. The Panel did, however, try to give some guidance on possible effects of
very high intakes (see also para 1.3.9).

1.3.5 Because, apart from essential fatty acids (EFA), there is no absolute
requirement for fats, sugars or starches, it is not possible to derive useful
reference figures for them based on a range of requirements. Rather, the Panel
has made pragmatic judgements based on the changes from current intakes
which would be expected to result in certain changes in physiological and or
health outcomes. These judgements have been made bearing in mind the likely
changes which might occur in the prevailing socio-cultural environment in the
UK, and should not be taken to represent ‘ideal’ figures.

1.3.6 Theinformation from which estimates of requirements have been made
can be categorised as follows:

a. theintakes of a nutrient needed to maintain a given circulating level or
degree of enzyme saturation or tissue concentration;

b. the intakes of a nutrient by individuals and by groups which are
associated with the absence of any signs of deficiency diseases;

c. the intakes of a nutrient needed to maintain balance noting that the
period over which such balance needs to be measured differs for different
nutrients, and between individuals;



d. the intakes of a nutrient needed to cure clinical signs of deficiency;

e. the intakes of a nutrient associated with an appropriate biological
marker of nutritional adequacy.

1.3.7 The Panel found no single criterion to define requirements for all
nutrients. Some nutrients may have a variety of physiological effects at
different levels of intake. Which of these effects should form the parameter of
adequacy is therefore to some extent arbitrary. For each nutrient the particular
parameter or parameters which were used to define adequacy are given in the
text. None of these criteria is perfect, but they were judged to be the best
available on which to base DRV so that they were relevant to prevailing
circumstances. In some cases the evidence on which they are based is reliable
experimental data, in others it is from associations, often epidemiological, and
in others evidence may be limited to anecdotal data of variable persuasiveness.

1.3.8 Definition of Dietary Reference Values Although information is
usually inadequate to calculate the precise distribution of requirements in a
group of individuals for a nutrient, it has been assumed to be normally
distributed (Figure 1.1). This gives a notional mean requirement or Estimated
Average Requirement (EAR) with the inter-individual variability in require-
ments illustrated in figure 1.1. The Panel has defined the Reference Nutrient
Intake (RNI) as point c¢ in the distribution, that is two notional standard
deviations (2sd) above the (EAR) (point b). Intakes above this amount will
almost certainly be adequate. A further value at point a, two notional standard
deviations (2sd) below the mean, the Lower Reference Nutrient Intake (LNRI),
represents the lowest intakes which will meet the needs of some individuals in
the group. Intakes below this level are almost certainly inadequate for most
individuals. For some nutrients the derivation of DRVs was not possible from
these principles, and this is stated in the text. In particular, for those nutrients
where no requirement could be defined (starches, sugars, fat and fatty acids),
the DRVs are not derived on these principles, although analogous figures based
on pragmatic judgements have been proposed (see para 1.6.6).

1.3.9 At higher levels of consumption there may be evidence of undesirable
effects. Guidance on such high levels of consumption is given in the text. The
RNI remains equivalent to the 1969 RDI—that is the amount sufficient or more
than sufficient to meet the nutritional needs of practically all healthy persons in
a population2, and therefore exceeds the requirements of most.

1.3.10 By setting the RNI at a notional 2 sd above the EAR the Panel was
aware that this might, in theory, be perceived as leaving up to 2.5 per cent of the
population inadequately provided for, but considered that this was unlikely to
be so in practice. In any population choosing spontaneous diets it is likely that,
while the distribution stays roughly the same, the individuals comprising the
extremes will vary, so that consistent intakes at the extremes are unlikely.
Information is not usually available to determine the mean and sd with such
precision and in such circumstances the Panel has chosen an intake that, as far
as can be ascertained, is adequate for everyone. The risk of 2.5 per cent of the
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population not being adequately supplied by the RNI is therefore considered
very remote.

1.3.11 Interpretation of Dietary Reference Values For most nutrients the
Panel found insufficient data to establish any of these DRVs with great
confidence. There are inherent errors in some of the data, for instance in
individuals’ reports of their food intake, and the day-to-day variation in
nutrient intakes also complicates interpretation. Even given complete accuracy
of a dietary record, its relation to habitual intake remains uncertain, however
long the recording period. The food composition tables normally used to
determine nutrient intake from dietary records contain a number of assump-
tions and imperfections. Furthermore, there is uncertainty about the relevance
of many biological markers, such as serum concentrations of a nutrient, as
evidence of an individual’s ‘status’ for that nutrient. Thus uncertainties relating
to the appropriate parameter by which to assess the requirement, to the
completeness of the database for any nutrient, and to the precision and
accuracy of dietary intake data lead to the need to make judgements.

1.3.12 Equally, when nutrient intakes are measured there is demonstrable
inter-individual variation, which is not necessarily related to the variation in
requirements. Figure 1.2 demonstrates a distribution of intakes identical to the
distribution of requirements but where any individual’s intake is not necessarily
the same as his own requirement. An individual whose intake is at point a—the
LRNI—may be meeting his requirements for a nutrient, but it is highly
probable that he is not. Similarly it is just possible, but very improbable, that an
individual consuming a nutrient at point c—the RNI—will be consuming
insufficient amounts of that nutrient. Whatever parameter is used the risk of
deficiency in an individual at a given intake will vary from virtually zero at point
c to virtually 100 per cent at point a. It should be recognised that the time course
of the relationship between intake and status varies between different nutrients.
For instance daily energy intakes should approximate requirements while
assessment of intakes of some micronutrients needs to be integrated over days,
weeks, or even longer. Furthermore not only may nutrients have effects on
health at the time they are eaten, but there is growing evidence that diet may be
one of the factors in early, even intrauterine, life which has an influence on later
health in adult life.

1.3.13 If the distribution of intakes in a group of individuals is identical to
that of their requirements for a nutrient it is probable that some with lower
intakes will have higher requirements and vice versa. If there is no correlation
between intakes and requirements in a group, then an average intake equal to
the EAR carries a substantial risk of deficiency in the group represented by the
upper dotted line depicting risk (Figure 1.2). In order to avoid this risk
completely, the distribution of intakes of the group would have to be such that
the lowest intakes exceeded the highest requirements. If, as is likely, there is
some correlation between intakes and requirements, then the higher that
correlation the lower the risk. In fact, there may be relationships between intake
and requirements on the basis of body size, which in part determines energy
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requirements and therefore energy (and food) intakes. The degree to which this
occurs is not known. The lower dotted line in Figure 1.2 represents the Panel’s
assessment of the actual risk of deficiency in a group, taking account of this.
Furthermore, apparent requirements of individuals at prevailing intake levels
may not represent basal requirements. If intake by an individual falls below the
usual intake, there may be adaptive mechanisms which reduce the risk of
deficiency but which may not be fully effective until a period of time has
elapsed. This effect varies between different nutrients.

1.3.14 Weights and standard age ranges As requirements for most nutrients
vary with both age and sex, the Panel has attempted to set DRVs for all such
groups of the population. In theory at least DRVs could be set for each sex at
every age but in practice the evidence is insufficient and the population has been
assigned to broad groups divided by age and sex. The ‘standard age groups’
adopted by the Panel are given below. Some DRVs are also related to body
weight and in the past the standard weights used for calculations in respect of
British children have been those of Tanner et a/ 3. The Panel has sought new
weight data for use in calculating DRVs for people of all ages in the UK. These
are described in Annex 1 to this Report with descriptions of source studies.
These weights are given below for each of the standard age groups.

Children Males Females
Age Weight (kg) Age Weight (kg) Age Weight (kg)
0-3 months 5.9 11-14 years 43.1 11-14 years 43.8
(formula-fed) 15-18 years 64.5 15-18 years 5525
4-6 months 7.7 19-50 years 74.0 19-50 years 60.0
7-9 months 8.9 50+ years 71.0 50+ years 62.0
10-12 months 9.8 ’
1-3 years 12.6 Pregnancy
4-6 years 17.8 Lactation: 0-4 months
7-10 years 28.3 4+ months

The Panel considered the elderly as a separate group but found few data on
their particular nutrient requirements. Wherever possible the separate require-
ments of the elderly for specific nutrients are addressed in the text. The Panel
recommended that more investigations be carried out into nutrient require-
ments of the UK population, their nutritional status and methods for its
measurement, particularly for the elderly and for children.

1.3.15 Pregnancy DRVsreflecting any additional estimated requirement for
pregnancy are given as a single incremental figure. For most nutrients,
however, no increment for pregnancy is given. This does not necessarily imply
no increase in metabolic demand during pregnancy, but rather that such extra
demands should be met by normal adaptation or increased efficiency of
utilisation, or from stores of the nutrient. Indeed, in women, it is partly for such
a purpose that stores are required, so removing the need for an increase in
dietary intake, which in practice does not occur. These incremental DRVs
therefore depend at least in part on the adequacy of the prepregnancy stores,
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which would be expected if the prepregnant requirements were met. The Panel
recognised that there may be subgroups or individuals in whom this is not
necessarily the case, and endorsed the easy availability of cheap adequately
formulated vitamin tablets for pregnant and lactating women, which are
available free to those in receipt of income support. Woman are advised that in
order to avoid risk of undesirable effects from vitamin A, any supplementation
should only be on the advice of a doctor or ante-natal clinic.

1.3.16 Breast-fed and infant formula-fed infants The Panel endorsed
human (breast) milk as best for babies and saw no value in setting DRVs for
breast-fed infants. The Panel therefore decided that DRVs would be set only for
infants fed with artificial feeds (formulas) whose nutrient intakes are dependent
on the composition of the artificial feeds being offered. For most nutrients the
DRV of infants who are not wholly breast-fed represents at least the same
amount of each nutrient from formulas and other foods as the wholly breast-
fed infant of the same age would receive. The amount of any nutrient consumed
by a wholly breast-fed infant can be calculated from the concentration in breast
milk and the volume consumed, but the efficiency of absorption of energy and
some nutrients from formulas is less than from breast milk and some
adjustment may be needed. Thus, in some cases the DRVs for infants aged 0-3
months who are formula-fed are in excess of those which might be expected to
be derived from breast milk. This should not be taken to mean that provision of
these nutrients from breast milk is unsatisfactory. In addition, the DRVs for
some nutrients such as calcium and phosphorus may be higher than the levels
obtained from some proprietary brands of infant formulas. However, the
Panel did not see its role as reviewing the compositional criteria for infant
formulas, and noted these discrepancies which are within the ranges currently
permitted in the UK4, although some fall outside the ranges permitted by the

draft European Commission Directive on Infant Formulae and Follow-on
Milks.

1.3.17 The RNIs are summarised in tables 1.1 to 1.5 but in each section
dealing with a nutrient all the DR Vs, that is the RNIs and wherever possible the
LRNIs and the EARs, are provided in tables. Mass units are still generally
better understood by most nutritionists and dietitians, but the RNI for minerals
are given first in SI units in table 1.5.

1.3.18 Safe intakes For some nutrients, which are known to have important
functions in humans, the Panel found insufficient reliable data on human require-
ments and were unable to set any DRV for these. However, they decided on grounds
of prudence to set a safe intake, particularly for infants and children, and these are
given in table 1.6. The safe intake was judged to be a level or range of intake at which
there is no risk of deficiency, and below a level where there is a risk of undesirable
effects. They are not therefore intended as a ‘toxic level’, and although exceeding
these safe intakes would not necessarily result in undesirable effects, equally there is
no evidence for any benefits. The Panel agreed that the safe range of intakes set for
the nutrients in table 1.6 need not be exceeded.



1.4 Uses of Dietary Reference Values These DRVs apply to groups of
healthy people and are not necessarily appropriate for those with different
needs arising from disease, such as infections, disorders of the gastro-intestinal
tract or metabolic abnormalities. The DRVs for any one nutrient presuppose
that requirements for energy and all other nutrients are met. There are a
number of potential uses of Dietary Reference Values. For any particular use,
one or other DRV may be appropriate, as discussed in more detail in the
following sections.

1.4.1 For assessing diets of individuals

1.4.1.1 The imprecision of most estimates both of individuals’ nutrient
intakes and of nutritional status, and thus of the estimation of the DRVs
themselves, means that utmost caution should be used in applying the figures to
the interpretation (or assessment) of individual diets. Even with a perfect
measure of an individual’s habitual intake of a nutrient (a difficult goal), the
DRVs can give no more than a guide to the adequacy of diet for that individual.

1.4.1.2 If the habitual intake is below the LRNI it is likely that the individual
will not be consuming sufficient of the nutrient to maintain the function
selected by the Panel as an appropriate parameter of nutritional status for that
nutrient, and further investigation, including biological measures, may be
appropriate.

1.4.1.3 If the intake is above the RNI, then it is extremely unlikely that the
individual will not be consuming sufficient.

1.4.1.4 If the intake lies between the two, then the chances of the diet being
inadequate (in respect of the chosen functional parameter for any nutrient) fall
as the intake approaches the RNI (para 1.3.13; Figure 1.2). It is impossible to
say with any certainty whether an individual’s nutrient intake, if it lies between
the LRNI and the RNI, is or is not adequate, without some biological measure
in that individual.

1.4.2  For assessing diets of groups of individuals

1.4.2.1 When measures of individual diets are aggregated, one of the sources
of imprecision is attenuated—that is intraindividual day to day variability.
Assuming that the interindividual variability is random, then in a sufficiently
large group, this source of imprecision is also diminished. Thus the group mean
intake will more precisely represent the habitual group mean intake than any of
the individual measures will represent habitual individual intakes.

1.4.2.2 If the dietary data are robust enough, some information on percentiles
of intake may be available. Thus it may be possible (see Fig 1.2; para 1.3) to say
‘X per cent of the group had intakes below the RNI’. If X is zero then the risk of
deficiency in the whole group is extremely small. As X increases further so the
risk of deficiency in the group increases. If the data allow only the calculation of
a mean or median intake for a group, then, because of the nature of the
relationship between intake and the risk of deficiency (Figure 1.2), an average
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(or median) intake equal to the RNI can be taken to represent a very small risk
of deficiency within the group.

1.4.3 For prescribing diets or provision of food supplies When prescribing
diets, the intention is to ensure adequacy of the diet. In this situation it is
prudent to prescribe diets containing nutrients at the RNI—so that, if eaten, the
risk of deficiency would be very small in any individual. In this circumstance,
almost all individuals receiving such diets will consume in excess (sometimes
considerably so) of their requirements. The same principles can be applied to
provision of food supplies to institutions, nations etc.

1.4.4 For labelling purposes

1.4.4.1 National RDAs or RDIs have been used as a basis for providing
information on nutrient contents of foods on their labels. This has the
advantage of giving a useful denominator, which would seem to be easily
understood by individuals who might otherwise be unable to interpret the
information on nutrient content of food. For instance, the public may find it
more valuable to know that a food contains X per cent of the RDA/RDI than
Y mg in 100 g of the food.

1.4.4.2 However, as RDAs and RDIs have usually been set at the upper end of
the range of requirements, individuals might misinterpret information given in
this form to imply that the RDA or RDI was equal to their requirement or to the
average requirement for a nutrient, when in fact it is, with the exception of
energy (which is not given on food labels in this form), always in excess of that.

1.4.4.3 The range of DRVs presented here offers an opportunity to escape
from this dilemma at least for some nutrients. The advantages of a system based
on labelling with the EAR would be to maintain comparability between foods
and provide a standard presentation. EARs for different ages and sexes might
be used on different foods according to the likely consumers—at least for baby
foods. In addition consumers would interpret the EAR as just that, and would
not therefore be provoked into unnecessary attempts to reach consumption
levels virtually certain to be in excess of requirements.

1.5 DRY for energy

1.5.1 Classically RDAs have been set for energy and for nutrients whose
deficiency in the diet results in recognisable and specific syndromes. RDAs have
been set at levels well above those estimated to minimise the occurrence of these
syndromes. RNIs for all nutrients, but not energy, can be set at the upper end of
the range of requirements because an intake moderately in excess of require-
ments has no adverse effects, but reduces the risk of deficiency. For energy,
however, this is not the case. Recommendations for energy have therefore
always been set as the average of energy requirements for any population
group. The Panel has therefore calculated EARs for energy, but not LRNIs or
RNIs.
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1.5.2 There is a variety of methods for estimating energy requirements. The
greatest amount of data comes from dietary surveys that measure energy
consumption over a variable length of time. This requires the assumption that
on average the population is in energy balance at the time of measurement.
Until recently measurements of energy expenditure (eg direct or indirect
calorimetry) were less applicable to large scale studies over periods of several
days. The newer and increasing use of doubly labelled water (2H,!80) to
provide an indirect measure of energy expenditure in free living individuals
integrated over days and weeks has led to a useful developing database.

1.5.3 Current surveys in the UK, both of dietary and household purchase
data, indicate energy intakes by the population below the prevailing RDAs!.
This discrepancy may be because these data represent true requirements, or are
less accurate measures than those on which the RDAs were based, even though
the methodology is the same, or because previous recommendations may have
included an amount to cover a particular level of activity which may not be
achieved. The conjunction of more traditional methods with the still relatively
small database emerging from newer technology has nevertheless allowed the
Panel greater confidence in setting the EARs for energy given in table 1.1.

1.5.4 Obesity As in most developed countries, problems relating to insuffi-
cient energy intakes are uncommon in the UK, and do not arise from
insufficient food supplies but generally from accompanying physical or psycho-
logical diseases. In contrast, however, many of the diseases which are charac-
teristic of developed countries are related to overweight and obesity in the
population which result from a chronic excess of dietary energy intake over
energy expenditure. The Panel has not attempted to prescribe levels of energy
expenditure, but has set DRVs for energy on the basis of current estimates of
energy expenditure. In doing so the Panel was aware of evidence that
overweight and obesity are increasing in the British population. In 1980 39 per
cent of adult males and 32 per cent of adult females were overweight, defined as
a Body Mass Index (BMI) in excess of 25.0 (see section 5.6). However, by 1987
these figures had risen to 45 and 36 per cent respectively. In 1980 obesity,
defined as a BMI in excess of 30, was present in 6 per cent of adult men and 8 per
cent of adult women and had risen to 8 and 12 per cent respectively by 19875,

1.6 DRYVs for fat and carbohydrates

1.6.1 Setting DRVs for fat and carbohydrates (including ‘fibre’), represents a
major departure from previous exercises. Each of them comprises a varied
group of nutrients and, with the exception of the essential fatty acids, their
removal from the diet is not necessarily associated with recognised syndromes.
The health consequences of eating diets containing different amounts of, or
proportions of dietary energy as, fat, and of different fatty acid types, g0
beyond the avoidance of classical essential fatty acid (EFA) deficiency. Both
coronary heart disease (CHD) and some forms of cancer have been associated
with high intakes of fat, but their occurrence is not related to dietary fat alone.
The Panel has endeavoured to define specific roles for fatty acids in terms of
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optimal health, taking account of the prevailing diet (Table 1.7) and changes
which it considered practicable and likely (Table 1.2).

1.6.2 The discussion of various components of ‘fibre’ is made difficult both
by lack of data and by inconsistences in what is considered to be ‘fibre’. A
number of hypotheses has been proposed linking low ‘fibre’ intake with a
variety of diseases, although none can unequivocally be described as a specific
‘fibre’ deficiency disease. There is no agreed and universally applicable
definition which embraces the variety of compounds with different physiologi-
cal effects, a fact which has frequently gone unrecognised in the literature. The
Panel has proposed that non-starch polysaccharides (NSP), which can be
analysed accurately, reproducibly and specifically, and form the main compo-
nent of ‘fibre’, should form the basis for recommendations even though the
Panel recognised that this group of compounds also has a variety of different
effects.

1.6.3 Dietary carbohydrate comprises a variety of sugars, oligosaccharides
and starches as well as NSP, and, to a lesser extent other complex carbo-
hydrates. Consideration was restricted to the broad groups, NSP, sugars and
starches. There is an increasing realisation that there is substantial overlap
between NSP and starches in their chemical, physical and physiological
properties. Many of the physiological effects attributed traditionally to ‘fibre’
can be reproduced by certain forms of starch (eg ‘resistant starch’).

1.6.4 It is not clear from the data whether correlations between these dietary
components and health outcomes are best seen when their intakes are expressed

Table 1.7 Intake of fat, fatty acids and carbohydrates by the British population (g/d)

Nutrient Adults’ NFS 19896

total sample male female
(n=1,087) (n=1,110)

total fat 87.8 102.3 735 90.2
fatty acids:
total cis-polys 13.3 15:7 10.9 13.6
n-3 1.7 1.9 1.3 . —
n-6 11.7 13.8 9.6 —
total cis-monos 26.7 31.4 22.1 33.1
total sats 36.5 42.0 31.1 36.8
total trans 4.8 5.6 4.0 —
total:
carbohydrate 232 272 193 230
sugars 100 115 86 95
starch 130 156 106 136
NSPé 11.6 11.2 12.5 12.4
Energy (kcal/d) 2,061 2,450 1,680 1,940
Ml/d) 8.6 10.3 7.0 8.1
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as absolute amounts or when related to dietary energy. Intakes vary with age,
weight, sex and other parameters, and it is not clear how best to standardise the
data for comparisons between different groups. Furthermore, data are virtually
confined to situations of constant energy intake. In this Report the Panel has
attempted to draw conclusions from reliable data, but has also had to make
judgements based on complex and often inconsistent information. In some
instances insufficient data were available to draw firm conclusions, and this is
made clear in the text. The Panel has tried to identify those areas where further
research would help understanding of the impact of these dietary components
on health. More than for many other nutrients, the figures proposed for fat and
carbohydrate represent judgements. The figures should not be taken as firm
recommendations, but rather as guidelines which if achieved, would be
expected to result in the relevant arbitrary end points.

1.6.5 Because the recommendation for energy is given as an average of
requirements for the population, this section gives an estimate of the desirable
contributions of fat and carbohydrate to dietary energy (Table 1.2). Except for
special reasons, therefore, only a single average figure is given. In those cases
where tentative individual maxima or minima can be given, these are stated.
The figures in Table 1.2 are given in mass units only for non-starch
polysaccharide.

1.6.6 The DRVs in this section are therefore not defined in the same way as
those in the other sections of this Report. Apart from the essential fatty acids,
none of the other nutrients in this section has been shown to be essential, so
there can be no Estimated Average Requirement (EAR). The average figures
presented in Table 1.2 are therefore proposals for population average intakes,
and not for individuals, that are consistent with good health, given the
prevailing socio-cultural environment. They can nevertheless be used for many
of the same purposes and in the same ways as other uses of DRVs given in
Section 1.3. In some cases suggesting a population average is not appropriate—
for instance when data refer only to a necessary threshold minimum (or
maximum) intake below (or above) which individuals might expect to be at
higher risk of specific problems. These tentative individual minima and maxima
are analogous, but not identical, to the LRNIs and the RNIs for other nutrients
(see Table 1.2).

1.7 DRYVs for protein Conventionally there have been two bases for setting
protein requirements. The first, based on observations made in free living
populations, has relied on the apparent adequacy of those intakes, and
estimated requirements have been expressed as g/d or as a percentage of dietary
energy. The Panel recognised this as a pragmatic solution, but without a sound
biological basis. The second approach, derived from estimates of basic nitrogen
requirements with additions for specific situations such as growth and preg-
nancy, which was adopted by joint FAO/WHO/UNU Expert Consultation in
19858, has formed the basis of the Panel’s deliberations and enabled calcula-
tions of DRVs including EARs shown in Table 1.3.
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1.8 Meetings of the Panel

1.8.1 The Panel was convened in 1987 at the recommendation of the
Committee on Medical Aspects of Food Policy (COMA). The various Working
Groups convened by the Panel met for a total of 35 times. The Panel itself met 7
times. The values put forward were agreed by all members of the Panel.

1.8.2 We are grateful to all members of the Working Groups and to those who
have prepared working papers or have made documents available.
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2. Energy

2.1 Energy requirements of children aged 0-3 years

2.1.1 Introduction Previous considerations of the energy requirements of
pre-school children in the UK have been based on energy intakes reported from
dietary surveys of healthy, well-nourished children!-2. Many of the studies used
by the DHSS and FAO/WHO/UNU? committees were common to both
reports and the resultant recommendations were therefore very similar (Figure
2.1). The derivation of the new recommendations differs from the previous
approach in a number of ways because of greater availability of a variety of
measurements of energy expenditure.

2.1.2 Energy Expenditure

2.1.2.1 The development during the early 1980s of the doubly-labelled water
(DLW) method for use in humans has provided additional data on which to
base recommendations for energy intake. The method provides a measure of
total energy expenditure (TEE) in free-living individuals without constraining
their patterns of activity or food intake. TEE includes the energy costs of basal
metabolism, physical activity, thermogenesis and the costs of synthesising new
tissue. Children’s total energy requirements can be calculated by adding
estimates of the energy value of new tissue deposited during normal growth to
the estimates of TEE obtained by the DLW method. Nevertheless, the Panel
was mindful of the need to rely on a number of assumptions in calculating TEE
from DLW data, as well as the considerable technical difficulties encountered
by most workers in making the determination. The Panel considered the DLW
data to be a valuable additional resource, but emphasised the need for caution
in interpretating data derived using this relatively new technique.

2.1.2.2 Figure 2.1 summarises published data on TEE in 355 healthy infants
in 5 separate studies*-8. The uniformity in the group mean values obtained by
several different research groups in diverse populations suggests that they can
be interpreted with some confidence®. Potential sources of error do exist and
the possibility of a unidirectional error cannot be excluded. In Figure 2.2
estimates of the energy value of new tissue deposited during normal growth
(hatched area) have been added to a smoothed curve derived from the weighted
means of the energy expenditure values shown in Figure 2.1. The stored energy
was calculated by applying an assumed growth rate equivalent to the 50th
centile given in Annex 1 to data on the body composition of infants!°.

2.1.2.3 Whitehead and Paul have reanalysed the original energy intake data
used by FAO/WHO/UNUS3 according to the mode of feeding!!. The results,
shown in Figure 2.3, demonstrate that infants fed old-style formulas consumed
significantly more energy than those on modern, adapted formulas or breast-
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Figure 2.1 Energy Requirements 0-36 months Group mean estimates of total energy
expenditure compared with DHSS2 (- - -) and FAO/WHO/UNU2 recommended dietary
allowances (—). Data from references 4-8. Circles = Vasquez-Velasquez 19887; Prentice
et al 19885; triangles = Lucas et al 19878; inverted triangles = Roberts et al 19888; diamonds
= Vasquez-Velasquez, 19887; Prentice et al 19885; Squares = Fjeld et a/ 19884.
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Figure 2.2 Energy Requirements 0-36 months Revised estimations of energy requirements

(middle line) derived by adding the energy deposited during growth (hatched area) to a
smoothed mean curve for energy expenditure computed from the data in Figure 2.1.
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milk. There is evidence that suggests that infants fed pre-1975 infant formulas
may have raised their energy expenditure to dissipate excess energy as heat!2.

2.1.3 Observed dietary intakes

2.1.3.1 Problems of interpretation are inherent not only in measures of
energy expenditure, but also in the use of observed intakes as a sole basis for
determining requirements. Firstly, the latter are dependent on accurate dietary
data. Recent studies using doubly-labelled water as a measure of energy
expenditure at the same time as 7-day weighed food intakes in adolescents and
adults have shown some discrepancies from observed intakes!3.14. The
interpretation of these data remains controversial!5.16, These studies need to be
replicated and do not necessarily apply to infants. Nevertheless, they emphasise
the need for caution in reliance on any single method of measurement although
the information available from dietary studies is much greater than that
currently available from studies of energy expenditure. Secondly, the approach
is dependent on a reliable conversion from gross energy to metabolisable energy
which is usually achieved by applying Southgate and Durnin’s modified
Atwater factors which were derived experimentally in adults!® and are not
necessarily applicable to young children.

2.1.3.2 However, among infants and young children the Panel was unable to
find evidence of a discrepancy between the two methods as shown among
adolescents and adults. Data from 9 recent studies of food intake in infancy
were considered by the Panel. These were from Australia, Canada, France,
Netherlands, Sweden and UK and covered over 1500 infants. The results have
been summarised and reviewed elsewhere!®. On average the new results were
slightly lower than DHSS and FAO/WHO/UNU recommendations2-3, and
were consistent with the energy intakes of breast-fed infants and those fed on
modern formulas (figure 2.3).

2.1.4 Basis of estimation of requirements

2.1.4.1 The Panel endorsed breast feeding as the optimum mode of feeding
during the first 4 to 6 months of life for healthy term babies. In view of the
differences between estimates of energy requirements between breast and
formula-fed infants (see para 2.1.2.3) and the fact that DRVs for breastfed
infants have no value in practice, the Panel agreed that it was not necessarily
appropriate to base estimates for all children on data derived from breastfed
infants. The current estimates are therefore only for formula-fed infants.

2.1.4.2 The Panel noted that recommendations of FAO/WHO/UNU had
included a S per cent increment for a perceived underestimate of intakes of
energy from breastmilk in the first year of life, and for an appropriate level of
physical activity in the second and third years3. The Panel was not convinced
that this approach was relevant to the UK population, and has used the FAO/
WHO/UNU values without this increment. This is consistent with the Panel’s
view that it was not prudent to include a prescriptive component in estimates of
energy requirements. However, separate prescriptive advice might well be given
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Table 2.1 Estimated Average Requirements of energy for children aged 0-36 months

Age Average weight2 Intake per kg Estimated Average Requirements
of body
weight
months kg kJ(kcal)/kg/d kJ(kcal)/d
Boys Girls Boys Girls
1 4.15 4.00 480 (115) 1,990 ( 480) 1,920 ( 460)
3 6.12 5.70 420 (100) 2,570 ( 610) 2,390 ( 570)
6 8.00 7.44 400 ( 95) 3,200 ( 760) 2,980 ( 710)
9 9.20 8.55 400 ( 95) 3,680 ( 880) 3,420 ( 820)
12 10.04 9.50 400 ( 95) 4,020 ( 960) 3,800 ( 910)
18 11.30 10.65 400 ( 95) 4,520 (1,080) 4,260 (1,020)
24 12.39 11.80 400 ( 95) 4,960 (1,190) 4,720 (1,130)
30 13.42 12.84 400 ( 95) 5,370 (1,280) 5,140 (1,230)
36 14.40 13.85 400 ( 95) 5,760 (1,380) 5,540 (1,320)

a NCHS weights!? for 1 month. All other weights from Annex 1.

to increase energy expenditures and thus counter the possible current down-
ward trend in physical activity.

2.1.5 Estimated Average Requirements The Panel found that the measure-
ments of total energy expenditure using DLW were on average in agreement
with observed dietary energy intakes from modern infant formulas and with
FAO/WHO/UNU values without the 5 per cent increment. The EARs for
energy for infants are summarised in Table 2.1 and were derived by combining
the evidence from different sources outlined above. The figures are intended
only for formula-fed infants and assume that the Southgate and Durnin
factors!® are used to estimate the metabolisable energy content of foods. In the
absence of contradictory evidence the EARs for boys and girls are assumed to
be identical when expressed on a body weight basis.

2.1.6 Research needs The Panel noted the recent reports which link slower
growth during the first year of life to higher risk of ill health during adulthood,
and recognised the need for more detailed information on the effects of
nutrition and growth during fetal development, infancy and childhood on later
well-being20,

2.2 Energy requirements of children aged 3-10 years

2.2.1 The Panel found insufficient data to calculate EARs based on measure-
ments of energy expenditure in children aged 3 to 10 years. Therefore, the Panel
accepted that EARs should be based on intakes.

2.2.2 There are a number of studies which provide data for the UK on energy
intakes in this age group2!-25. These are consistent with the values quoted as
‘Intakes’ by FAO/WHO/UNUS3. The Panel therefore accepted these values as
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Table 2.2  Estimated Average Requirements for children aged 3-10 years @

Age Average Weight Intake per kg of body Estimated Average
Years weight Requirements
kgb kJ(kcal)/kg/d MI(kcal)/d

Boys Girls Boys Girls Boys Girls
3 15.3 14.9 405 (97) 385 (92) 6.23 (1,490) 5.73 (1,370)
4 17.0 16.8 395 (94) 365 (87) 6.73 (1,600) 6.12 (1,460)
5 19:3 18.9 370 (88) 345 (82) 7.19 (1,720) 6.48 (1,550)
6 21.7 21°3 350 (84) 320 (76) 7.57 (1,810) 6.77 (1,620)
7 24.2 23.8 325 (78) 295 (71) 7.92 (1,890)  7.05 (1,680)
8 26.8 26.6 305 (73) 275 (66) 8.24 (1,970)  7.28 (1,740)
9 29.7 29.7 290 (69) 255 (61) 8.55 (2,040)  7.51 (1,790)

2 Values are derived from the intake figures in Table 23 of FAO/WHO/UNUS3.
® From Annex 1

pertinent to the UK population for children aged 3-10 years. FAO/WHO/
UNU suggested that these measured intakes should be increased by 5 per cent to
allow for ‘a desirable level of physical activity’3. However, such an addition
would not necessarily lead to any increase in activity and so might be conducive
to the unwelcome development of obesity. The Panel’s EARs for energy are
summarised in table 2.2.

2.3 Energy requirements for children and adolescents aged 10-18 years and
for adults aged 19-59 years

2.3.1 Introduction

2.3.1.1 EARs for dietary energy for older children and adults have been
calculated following the approach of FAO/WHO/UNU. That is, wherever
possible, energy expenditure data have been used rather than data on energy
intake, with energy expenditure expressed as multiples of the basal metabolic
rate (BMR)3. The Panel agreed that measurements of energy expenditure
provided a more direct basis for estimating energy requirements than energy
intake data.

2.3.1.2 The use of BMR as the basis for calculating energy expenditure is a
different approach from that of previous UK Reports!-2. The reasons for the
present approach are that (1) a substantial proportion of daily energy expendi-
ture is accounted for by the BMR, (2) there are formulae available, derived
from a large amount of data, to calculate BMR of groups of either sex using
only age and body weight, (3) if greater precision is required BMR can actually
be measured on an individual with relative ease, and (4) the other important
variable affecting total energy expenditure—physical activity—can also be
usefully expressed as a multiple of BMR.

2.3.1.3 Total daily energy expenditure is the sum of the BMR, the thermic
effect of the food eaten (‘dietary induced thermogenesis’) and the energy
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expended in physical activity. The thermic effect of the food eaten is normally
included in any measurement or estimation of energy expenditure and is not
assessed separately. Total energy expenditure (TEE), expressed as a multiple of
BMR, is affected by the physical activity level (PAL; see para 2.3.9.). In
consequence, to estimate total energy expenditure, and therefore dietary energy
requirements, for a group of individuals, it is necessary to have information on
the sex, age, and body weight to calculate BMR and on the energy expended in
the various activities of work and leisure. While this estimation would normally
be done for groups of individuals, if actual measurements of BMR are made on
an individual, together with the energy cost of physical activity, then the energy
requirement for that individual can also be estimated. Hence the same basic
approach can be used for groups of older children, adolescents, adults and the
elderly, and for individuals.

2.3.2 Basal metabolic rate  BMR is determined principally by body mass and
composition, whch vary with sex and age, and an estimation of BMR from
body weight can be made in separate age and sex groups. The recommended
equations for estimating BMR are those of Schofield ef a/26 given in Annex 2.
They differ slightly from those of FAO/WHO/UNU for children and adults by
being based on additional data and are derived from measurements on over
1300 10-17 year olds, 3500 men and 1200 women. Although few data from the
United Kingdom were included, these equations are regarded as providing
adequate estimates. Neither the inclusion of alternative variables such as height
or surface area, nor more complex transformations of body weight such as
logarithmic or quadratic, improved the estimation significantly.

2.3.3 The energy expended in physical activity The energy expenditure in
physical activity has traditionally been calculated from the duration of the
various work and leisure activities and assigning an energy cost to each of them.
This energy cost can be expressed as a multiple of BMR—eg 1.2 X BMR for
sitting if no physical activity takes place, 4 x BMR for walking on the level at an
average pace, 1.7 x BMR for standing activities at work, etc. PAR (physical
activity ratio) is used as an abbreviation for ‘multiple of BMR for an activity’.
The energy costs of activities performed over short periods of time (half to one
hour) as PAR are given in Annex 3.

2.3.4 Duration and intensity of physical activity When PAR is used to
provide an energy cost for specific activity, such as ‘sitting doing office work’,
‘standing cooking’, or ‘walking’, it is important to be aware of whether or not it
represents a duration of the activity where normal variants are included—such
as occasionally getting up and moving around for a few seconds while sitting
doing office work, sitting down briefly or standing relatively still for part of the
time while cooking, or stopping briefly while walking. Values given in the
literature for the energy cost of ‘activities’ do not usually include these variants
and refer only to the actual activity as performed continuously. On the whole,
for purposes of calculating EAR, a value for the way in which any activity
would normally be done during a moderately prolonged period of time—eg
cooking for 1!/2 hours, or walking for half an hour—is the one which is usually
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most helpful, and these are the values given in Annex 3. When performed over
longer periods of time PAR are lower due to rest periods, etc.

2.3.5 The influence of occupation Previous reports have attempted to
provide estimates of daily energy ependiture on the basis of the occupations of
the groups of people involved eg ‘sedentary’, ‘moderately active’, ‘very
active’1-2, By itself this is of limited use for several reasons. There are probably
fewer occupations now which could be classified as ‘very active’ compared to
one or two decades ago and very few data are available from experimental
evidence which can be related to almost any contemporary occupational
situation. Various occupations are categorised in Annex 4 according to PAR
integrated over the working day. Nowadays the influence of non-occupational
activities may have an even greater influence than the actual work. Unless
separate allowances are made for work and leisure, and unless specific
information is available for the actual work situation, the general use of
‘occupation’ by itelf to indicate energy requirements will allow only very rough
estimates.

2.3.6 Non-occupational activities It is difficult to calculate the energy
expended in non-occupational activities in any simple, precise way for groups
of people. FAO/WHO/UNU attempted to solve this difficulty by adopting a
philosophy which may not be appropriate for the UK population. That
philosophy was based on an assumption that independently of any other leisure
activities, everyone should expend energy in the three categories of (a)
‘household tasks’, (b) ‘community activities’, and (c) activity of benefit for
cardiovascular and general health3. The Panel concluded that, desirable though
these ‘social’ activities might be, unless there is evidence that they already exist
in any population, making an allowance for energy expended in such activities
might be a prescription in excess of the energy requirement.

2.3.7 Intensity of activity An estimate of the contribution to total energy
expenditure from activity can be derived from calculations of time spent in
various activities at specified PAR. The assumption is made that ‘bed’ accounts
for 8 in every 24 hours. An average working day in the UK lasts for 7.5 hours
and the working week consists of 5 days, giving an average of about 5.5 hours
over the 7-day week. The remaining ‘non-occupational’ time (10.5 hours) can
be divided into one of 3 categories based on 2 hours of activity at different PAR
levels and 8.5 hours at an arbitary PAR of 1.4. ‘Non-active’ individuals would
spend 2 hours of the 10.5 of non-occupational activity at a level of BMR x 2,
giving an overall value of BMR X 1.5 for the 10.5 hours of non-occupational
activity. ‘Moderately active’ people who spend 2 out of the 10.5 hours at an
energy expenditure of BMR X 3 would have an overall value of BMR X 1.7 for
the 10.5 hours non-occupational activity. ‘Very active’ people who spend 2
hours of the 10.5 at BMR x 4 would have a non-occupational overall energy
cost of BMR x 1.9. An example of how this can be used to estimate energy
expenditure for men and women in ‘light’ occupations is given in Annex 5.

2.3.8 Estimation of daily energy expenditure of groups Daily energy expen-
diture of groups of individuals can be estimated from several levels of data with
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consequent different levels of accuracy. Three levels of estimates are described
below in order of increasing accuracy and precision. Other combinations of
measured and estimated data are possible.

2.3.9 Physical Activity Level (PAL) PAL is the ratio of overall daily energy
expenditure to BMR and is characterised by a description of lifestyle. When
based only on occupation, this level may produce unreliable estimates, as
described earlier, but it has been a common method of estimating energy
requirements and recommended energy intakes. An adjustment for non-
occupational activity can be made as described in para 2.3.7 above. Combining
estimates of PAR for occupational and non-occupational acitivity (see paras
2.3.5-2.3.7), a matrix of PAL for 3 categories of both occupational and non-
occupational activity can be derived. Such a matrix for adults is given in table
2.3. In the absence of further information, UK population groups should be

assumed to have light occupations and non-active non-occupational activity,
and PAL of 1.4.

2.3.10 More precise time use and activity at work and in non-occupational
activity 'With some information on time use at work, in bed and the remainder
and on the type of occupational and non-occupational activities, physical
activity ratios (PAR) can be ascribed to these components and daily energy
expenditure estimated.

Daily energy expenditure = BMR X [time in bed + (time at work X PAR) +
(non-occupational time x PAR)].

PAR can be assigned to occupations using the provisional classification shown
in Annex 4. An example of this approach is given in Annex 5 for a light
occupation and the three categories of non-occupational activity described
earlier.

2.3.11 Detailed time use and activity description With more detailed, rep-
resentative information on typical time use and measured energy costs of
activities, daily energy expenditure can be estimated more accurately.

Daily energy expenditure = BMR][time in bed + sum of (time in each
activity Xx PAR)].

Table 2.3 Calculated Physical Activity Level (PAL) of adults at 3 levels each of
occupational and non-occupational activity*

Non-occupational Occupational Activity

activity
Light Moderate Moderate/Heavy
M F M F M F
Non-active 1.4 1.4 1.6 1.5 1.7 15
Moderately active 1.5 1.5 1.7 1.6 1.8 1.6
Very active 1.6 1.6 1.8 117 1.9 1.7

*Based on assumptions of PAR and time use as detailed in paragraphs 2.3.5-2.3.7
and in Annexes 4 and 5 and rounded to 2 significant figures
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If the energy costs of activities cannot be measured, the energy costs of activities
as PAR can be taken from Annexes 3 and 4. Annex 6 illustrates this approach
for a group of women office workers.

2.3.12 Estimating the daily energy expenditure of individuals In order to
estimate daily energy expenditure of individuals it is necessary to have a
measurement of BMR, detailed time use data and activity description as in para

2.3.11 above and wherever possible measurements of the energy cost of
activities. This is the classical approach of diary record of activities and indirect
calorimetry. BMR must be measured as even when allowances are made for age,
sex and weight, the precision of the estimate in any individual is insufficient.
Once BMR has been measured the same procedures as outlined for groups of
individuals in paras 2.3.9 to 2.3.11 above can be followed.

2.3.13 Estimated Average Requirements of energy Depending on the data
available one of the three methods illustrated in paras 2.3.9 to 2.3.11 can be
employed to ascertain the EAR of a group.

2.3.14 Older children and adolescents In contrast to younger children, there
is sufficient provisional information on time use and energy cost of activities in
the school day to allow estimates of daily energy expenditure and recommended
energy intakes for children and adolescents aged 10-17 years. Typical time use
and energy costs of activities are given in Table 2.4. The same time use pattern
has been taken for boys and girls but the intensity of activities (PAR) is lower in
girls. The EARSs for energy for 10-17 year olds are shown in Table 2.5, and the
calculations underlying them are given in Annex 7. The EARs for children in
the standard age ranges from birth to 18 years are given in table 2.6.

2.3.15 Adults The EARs for dietary energy for groups of men and women
of various ages, body weights and physical activity levels are shown in Table
2.7. Owing to the inactive life style of much of the population, a PAL of 1.4
should be assumed in the absence of other information on activity. EARs based

Table 2.4 Estimated time use and energy cost of
activities (PAR) in older children and
adolescents aged 10-18 years

Activity Energy cost (PAR)
hours Boys Girls
Bed 8 1.0 1.0
School 6 1.6 15
Light i 1.6 175
Moderate 2.5 2.5 2.2
High 0.5 5.0 5.0
PAL 24 1.56 1.48

25



Table 2.5 Estimated Average Requirements (MJ/d) of children and adolescents (10-18
Years) according to body weight and physical activity level (PAL)

Body BMR* PAL

Weight MJ/d

kg 1.4 155 1.6 1.8 2.0

males

30 4.97 7.0 7.5 8.0 9.0 9.9
35 5.34 7.5 8.0 8.6 9.6 10.7
40 571 8.0 8.6 9.1 10.3 11.4
45 6.08 8.5 9.1 9.7 11.0 12.2
50 6.45 9.0 9.7 10.3 11.6 12.9
55 6.82 9.6 10.2 10.9 12.3 13.6
60 7.19 10.1 10.8 11.5 12.9 14.4
65 7.56 10.6 11.3 12:1 13.6 15.1
females

30 4.58 6.4 6.9 7.3 8.2 9.2
35 4.86 6.8 7.3 7.8 8.7 9.7
40 5.14 7.2 Tl 8.2 9.2 10.3
45 5.42 7.6 8.1 8.7 9.8 10.8
50 5.70 8.0 8.5 9.1 10.3 11.4
55 5.98 8.4 9.0 9.6 10.8 12.0
60 6.26 8.8 9.4 10.0 11.3 12.5

BMR* = Basal metabolic rate calculated from data in Annex 1 and Annex 2.

Table 2.6 Estimated Average Requirements (EARs) for
energy of children 0-18 years*

Age EAR
MJ/d (kcal/d)

Boys Girls
0-3 months 2.28 ( 545) 2.16 ( 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 (1,715) 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 (2,755) 8.83 (2,110)

*Calculated by interpolation from tables 2.1, 2.2, 2.4 and 2.5
and weights from Annex 1.
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Table 2.7 Estimated Average Requirements (EARs) for energy (MJ/d) for groups of men and

women at various ages, weights and activity levels

Body BMR Physical Activity Level (PAL)

Weight MJ/d

kg 1.4 L5 1.6 157 1.8 1.9 2.0 231 22
Men 19-29 yr

60 6.7 9.3 10.0 10.7 11.4 12.0 12.7 13.4 14.1 14.7
65 7.0 9.8 10.5 11.2 11.9 12.6 13.3 14.0 14.7 15.4
70 7.3 10.2 11.0 11.7 12.5 13.2 13.9 14.6 15.4 16.1
75 7.6 10.7 11.5 12.2 13.0 137 14.5 15.2 16.0 16.8
80 7.9 11.1 11.9 1257 13.5 14.3 1571 1549 16.7 17.5
Men 30-59 yr

65 6.8 9.5 10.2 10.8 11%5 12.2 12.9 1315 14.2 14.9
70 7.0 9.8 10.5 11.2 11.9 12.6 13.3 14.0 14.7 15.4
75 7.3 10.2 10.9 11.6 12.4 13.1 13.8 14.5 15.3 16.0
80 7125 10.5 1173 12.0 12.8 13.5 14.3 15.0 15.8 16.5
85 77 10.8 11.6 12.4 13.2 13.9 14.7 155 16.3 17.0
Women 18-29 yr

45 4.8 6.8 72 7.7 8.2 8.7 9.2 9.7 10.2 10.6
50 5:1 72 77 8.2 8.7 9.2 9.7 10.3 10.8 11.3
55 5.4 7.6 8.2 8.7 9.3 9.8 10.4 10.9 11.5 12.0
60 5.8 8.1 8.7 9.2 9.8 10.4 11.0 1125 12:1 12.7
65 6.1 8.5 9.1 9.7 10.3 10.9 11.5 1251 12.7 13.3
70 6.4 8.9 9.6 10.2 10.8 11%S 12.2 12.8 13.4 14.0
Women 30-59 yr

50 552 73 7.9 8.4 8.9 9.4 9.9 10.5 11.0 115
55 5.4 7.6 8.2 8.7 9.2 9.7 10.3 10.8 1453 11.9
60 5.6 7.8 8.4 8.9 9.5 10.0 10.6 11.2 11.7 12.3
65 5.7 8.0 8.6 92 9.8 10.3 10.9 11.5 12.0 12.6
70 5.9 8.3 8.9 9.5 10.1 10.7 11.3 11.8 12.4 13.0

Table 2.8 Estimated Average Requirements (EARs)
for energy for groups of men and women
with physical activity level of 1.4

Weight* EAR
kg
MJ/d kcal/d

Men

19-49 years 74 10.6 2,550
50-59 years 74 10.6 2,550
Women

19-49 years 60 8.1 1,940
50-59 years 63 8.0 1,900

*From Annex 1
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on this assumption in men and women are given in Table 2.8. Further
information on activity is required to identify other PALs correctly (see
Annexes 3-6).

2.3.16 Differences from previous values The calculated values for light
activity occupational groups who are relatively inactive in their non-
occupational time are lower than those of previous reports!-2. This is mostly
because of an apparent overestimate of daily working time in these reports (an
average day was taken as having 8 hours of work and no allowance was made
for the non-working weekend). However, this effect is countered by using
median body weights which are higher than those used previously. The
estimated energy expenditure in the light activity group with PAL = 1.4 reflects
the inactive life style of much of the population, but is supported by recent
energy expenditure data using the doubly labelled water method and energy
intake data2?. The Panel considered that a higher level of activity and energy
expenditure would be desirable.

2.3.17 Validation Asinthe 3-10 year age group, there have been few data to
allow simultaneous comparisons of energy intake with expenditure among 11 to
18 year olds. In view of the shortage of information in this age group and in
adolescents the Panel commissioned a special study of energy expenditure
measured by the doubly-labelled water method?® in about 12 boys and 12 girls at
each age of 3, 5,7, 9, 12, 15 and 18 years. The final data set contained 177
measurements. The results are plotted in figure 2.4 against the new EAR for
3-10 year olds (Table 2.2) and against the food intake figures collated by FAO/
WHO/UNU for the 10-18 year olds3. In general there is excellent agreement,
but unlike the data for 3-10 year olds, the estimates of total energy expenditure
in the older children exceeded those of dietary energy intake. There are a
number of possible reasons for this discrepancy, which may coexist. Firstly,
there may be methodoligical problems associated with either measurement.
There is evidence that in some instances dietary records may underestimate
habitual energy intake!4. Equally it is possible that the assumptions used in
calculating energy expenditure using 2H,'80 may not always be appropriate.
Secondly, the measurements of energy expenditure may have been unrepresen-
tative of the population. The small sample sizes and the high levels of the
estimates of energy expenditure are consistent with this. In contrast, there are
data on energy intake derived from a substantial number of individuals.
Nationally representative samples of 10-11 year old and 14-15 year old children
provided robust data for those ages2S. The Panel considered it prudent to rely
on the larger data set, but agreed that the discrepancy with the newer method
gave grounds for caution.

2.3.18 Ethnic differences The existence of ethnic differences in BMR after
allowing for body size, composition, sex, age, nutritional status and climate
remains controversial. There is little evidence for differences between ethnic
groups resident in the UK. It is proposed that the same approaches to the EAR
for energy can be used for all ethnic groups in the United Kingdom.
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Figure 2.4 Comparison of new estimates of energy expenditure measured by doubly-labelled water with estimates of intake summarised by FAO/WHO/UNU?3

Closed Circles = energy intake figures from FAO/WHO/UNU3

8 Open Circles =New EARs for 3—-10 years and energy intake figures from FAO/WHO/UNU for 10-18 years.3



2.3.19 Exercise and health A separate and additional allowance for physical
activity to maintain cardiovascular function and health, strength or flexibility
has been considered carefully. Evidence for benefit from this physical activity is
impressive28. For some exercise programmes the energy cost may be significant.
A programme of 3 sessions per week, 30 minutes per session at an average
intensity of 50 per cent of the VO, max would involve net energy expenditure of
2.5 MJ (600 kcal) over the week or 0.4 MJ (96 kcal)/d. This would increase
PAL from 1.4 in a previously non-active group to 1.5. However, there is
evidence that much shorter periods of more moderate exercise would also offer
improved health benefits without requiring a significant addition to total
energy expenditure?®.

2.4 Energy requirements for pregnancy

2.4.1 Maintenance of a normal pregnancy requires energy. This arises from
the increases in tissue mass and in metabolic activity and can be quantified. The
changes in tissue mass comprise the increased mass of the uterus, the formation
of the fetus and placenta, the expanded blood volume, and the deposition of an
extra 2 to 2.4 kg of adipose tissue which provides an energy reserve for
lactation. Mothers who do not intend to breastfeed their child do not require
this latter energy reserve. The costs resulting from the extra energy metabolism
are occasioned by the larger tissue mass of the mother, so that both basal
metabolic rate (BMR) and the energy cost of movement become greater.

2.4.2 It can be calculated that the energy cost of the changes in tissue mass is
on average about 40,000 kcal (167 MJ) in women of about 60 kg non-pregnant
body weight. The total increase in BMR integrated over the duration of
pregnancy is about 30,000 kcal (126 MJ), giving an overall total of about 70,000
kcal (293 MJ)30, However, the costs could be modified in two ways. Firstly,
there might be reduction in BMR as a result of endocrine change in the pregnant
woman, but the evidence does not support this. Secondly, physical activity in
the mother might be reduced especially in the latter part of pregnancy. It might
be difficult to detect the diminution in physical activity and compensation
would be shown up by food energy intakes during pregnancy which were lower
than might otherwise be expected.

2.4.3 Theapparent extra energy requirement of about 70,000 kcal (293 MJ) is
seldom matched by an equivalent increase in food intake. Many cross-sectional,
a few semi-longitudinal surveys and one large longitudinal survey in the UK
have failed to demonstrate substantial alteration in energy intake until the last
few weeks of pregnancy. This evidence shows an average increase in intake of
energy of less than 0.42 MJ/d (100 kcal/d) in the third trimester and virtually
no change before then3!-3%. Similar results have been found by another
longitudinal study in Holland4°. Outcomes of these pregnancies were satisfac-
tory. Therefore there is no apparent risk to the mother or the fetus with only a
modest increase in energy intake in the last trimester of pregnancy.

2.4.4 Thus the true additional energy requirements of pregnancy, under the
conditions prevailing in Western societies such as the UK, are probably modest.
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However in view of the disparity between the calculations and the experimental
findings caution must be exercised. The Panel therefore agreed that the
increment in EAR for pregnancy should be 0.8 MJ/d (200 kcal/d) above the
pre-pregnant EAR only during the last trimester. Women who are underweight
at the beginning of pregnancy, and women who do not reduce activity, may
need more.

2.5 Energy requirements for lactation

2.5.1 The energy requirements for lactation are calculated as increments to be
added to the mother’s EAR. The derivation of these increments is summarised
in Table 2.9.

2.5.2 The values for milk output were derived by combining data from
British!® and Swedish mothers#!, and include a 4 per cent correction to allow
for insensible water losses by the infant during test-weighing. These values are
representative of the norm for well nourished women42 and differ from those in
the FAO/WHO/UNUS3 by less than 10 per cent in the early months. The EARSs
recognise two distinctive groups of breastfeeding mothers. Firstly, women who
practise exclusive or almost exclusive breastfeeding until the baby is 3-4 months
old and then progressively introduce weaning foods as part of an active weaning
process which often lasts only a few months (Group 1). Secondly, women who
introduce only limited complementary feeds after 3-4 months and whose
intention is that breast milk should provide the primary source of nourishment
for 6 months or more (Group 2).

2.5.3 The gross energy content of breast milk was taken to be 280 kJ/100 g
(67 kcal/100 g) representing an average between the value assumed by DHSS?

Table 2.9 Additional energy requirements for lactation

Month Milk volume= Energy costb Allowance for Total additional
weight loss® requirement

ml/d MIJ(kcal)/d M (kcal)/d MI(kcal)/d

All breastfeeding women

0-1 680 2.38 (570) —-0.5 (120) 1.9 (450)

1-2 780 2.73 (650) —0.5 (120) 2.2 (530)

2-3 820 2.87 (690) —-0.5 (120) 2.4 (570)

Group 14

3-6 700 2.45 (590) —0.5 (120) 2.0 (480)

6 onwards 300 1.05 (250) Nil 1.0 (240)

Group 24

3-6 750 2.63 (630) —0.25 (60) 2.4 (570)

6 onwards 650 2.28 (540) Nil 2.3 (550)

a Based on studies from Cambridge!® and Sweden45.

b Gross energy density of the milk assumed to be 280 kJ/100 g (67 kcal/100 g). Dietary to milk
energy conversion efficiency assumed to be 80 per cent.

¢ Assuming an average weight loss of 500 g/month with an energy equivalence of 29 MJ/kg
(6900 kcal/kg).

d see para 2.5.2
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and a more recent lower estimate claimed to be more representative of the true
energy density of milk as suckled by the infant8. The Panel accepted many of
the arguments in support of the lower estimate, but this has yet to be
independently confirmed.

2.5.4 Previous reports have erroneously used the metabolisable energy con-
tent of milk rather than the gross energy which must be supplied by the mother.
This has led to an underestimate by about 5 per cent. Correcting for this error
partly offsets the effect of assuming a lower energy density in breast milk and
the resultant EAR is only slightly lower than that previously used by DHSS2.

2.5.5 The efficiency of conversion from maternal dietary to gross milk energy
has previously been assumed to be 80 per cent. This estimate was derived from
the 95 per cent confidence limits of a very indirect estimate using milk volumes
calculated from infant growth rates and measures of energy intake in different
groups of lactating and non-lactating women43. However, recent estimates
support the 80 per cent assumption44.

2.5.6 Thereis conflicting evidence in support of the assumption that lactation
necessarily induces maternal weight loss#4.45, A value for weight loss of 500g/
month has been assumed which would allow for the gradual mobilisation of fat
deposited during pregnancy. This allowance is halved for Group 2 mothers over
the second 3 months in order to simulate a gradual transition to a state where
the entire costs of lactation are met from the diet. It should be noted that there is
a wide variation in post-partum weight changes between individuals and hence
in individual energy requirements. The Panel found no evidence that gradual
weight loss during lactation is detrimental to milk production, but did not
advise intentional dieting until after weaning.

2.5.7 The maternal EAR, to which the incremental needs for lactation are to
be added, should be calculated in the same way as for non pregnant women.
The only way by which a lactating mother would require a smaller addition to
her non-pregnant non-lactating energy intake than the energy required to
produce the normal volume of breast milk would be by some energy-saving
mechanism. The most probable one is by an obligatory reduction in physical
activity. However, it seems likely that for many women the enforced rest
periods associated with breastfeeding will be offset by the additional work
involved in caring for a new baby. The estimates in table 2.9 for these
incremental requirements closely match increments in food intake observed
among lactating women in affluent societies?6.

2.6 Energy requirements for the elderly

2.6.1 There are few data on energy requirements of the elderly in the UK.
Although some were obtained 20 to 30 years ago, the data are still valid. Durnin
measured the intakes and expenditures of elderly peiple living alone at home47,
and Jerham ef a/ measured energy intakes and expenditures of elderly male
crofters in North West Scotland3: the results are shown in Table 2.10.
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Table 2.10 Daily energy intakes in groups of elderly people47-48:54-57

McGandy et al (1966) Borgstrom et al (1979) Uauy et al/ (1978) USA Calloway &  Durnin ef al (1961) Jerham et al
USA Sweden Zanni (1980) Scotland (1969)
USA
Sex M M M F M F M F M M
N 50 37 17 20 6 6 6 1. 9 6
Age (y) 67-74 77-79 67-73 67-73 68-74 70-84 63-77 60-69 64-77 58-78
Height (mean) (m) 1.74 1.72 1.68 1.60 1.70 1.59 1.74 1555 1.74 1.74
Weight (mean) (kg) 747 70.9 76.4 68.8 73] 68.9 82.2 60.7 70.0 717.0
Energy intake MJ (kcal) 9.6 (2297) 8.8 (2093) 8.6 (2050) 6.7 (1600) 9.7 (2325) 8.0 (1904) 10.7 (2554) 7.9 (1894) 8.6 (2055)!  12.2 (2905)?
Energy intake
MJ (kcal)/kg 0.12(29.6) 0.12(29.5) 0.11(26.8) 0.10(23.3) 0.13(31.5) 0.12(27.6) 0.13 (31.2) 0.13 (31.2) 0.12(29.4) 0.16 (37.7)

Intake/estimated BMR  1.53 1.47 1.38 1.25 1.62 1.49 1.58 1:57 1.34 1.80

1. Energy expenditure was 9.5 MJ(2,325 kcal)/d
2. Energy expenditure was 12.2 MJ (2,420 kcal)/d



Recently, unpublished data have been acquired on randomly sampled groups of
elderly living at home and in residential accommodation, mainly in Italy:
comparisons with the smaller body of information on the elderly in the UK
show a similar pattern. The energy expenditure of the elderly is reduced for two
principal reasons. On average the level of physical activity falls, particularly
among those who become sick, infirm or disabled although there is a large
variation between individuals. There is also a decline in the basal metabolic rate
which relates particularly to the fall in the fat free mass. Thus in the elderly
there may be an accentuation of the process apparent in middle age when weight
may remain steady but fat replaces lean tissue.

2.6.2 Theoldand very old The retirement age of men and women varies but
the effects of retirement on physical activity do not necessarily lead to a fall in
energy expenditure. A longitudinal study in Nottingham showed that healthy
steel workers may actually increase their activity levels after retirement49-50,
Over the age of 75 years, however, sickness and disability are increasingly likely
with evidence of a fall in body weight as well as in the mass of lean tissue. In a
large representative study of the elderly living in their own homes, on average
significantly less activity was recorded in those aged over 75 years compared
with those aged 66 to 75 years. However, this was not always so for men, who
were also significantly more active than women. Distributions were skewed
with a few very active people but most very inactives!.

2.6.3 Basal metabolic rate The widely used equations of Schofield et a/
incorporate only 50 men and 38 women over the age of 60 years and include
data on groups in the tropics or in unusual circumstances26. These limited data
are therefore not reliable for predictive purposes. Individual unpublished data
on 101 Glaswegian men aged 60-70 years and on 170 Italian men and 180 Italian
women have been made available to the Panel for inclusion with data from
Schofield ef a/26. Annex 2 shows the equations for the two sexes in the two age
groups. There are appreciable changes above 75 years of age and the Schofield
equations appear particularly inappropriate for the older group of men.
BMR/kg fat free mass may not be different in young and older adults and the
fall in the total mass of lean tissue with age may be the dominant effect in
accounting for the decline in BMR.

2.6.4 Physical activity patterns With age all activities show a decline, so in
general there is a progressive fall in energy expenditures2. However, there is
considerable variation in activity levels in all age groups and an active 70-year-
old may have as high an energy expenditure as a sedentary 40-year-old (see para
2.6.2). In addition the cost of physical activity may be increased in the elderly
due to reduced efficiency of movement. For instance Bassey and Terry found
that for women the energy cost of walking was substantially greater in the
eighth decade compared with the third53. More information on the variation of
energy expenditure in the elderly in the UK is required.

2.6.5 Energy Intakes Table 2.10 gives some data on selected groups of a
variety of countries. With one exception, they are fairly sedentary populations,
but not more so than many younger groups. However, when elderly people are
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Table 2.11 Estimated Average Requirements (EARs) for energy in
groups of men and women aged 60 years and over

Weight EAR

(kg) Ml/d kcal/d
Men
60-64y 74.0 9.93 2,380
65-74y 71.0 9.71 2,330
75+y 69.0 8.77 2,100
Women
60-64y 63.5 7.99 1,900
65-74y 63.0 7.96 1,900
T5+y 60.0 7.61 1,810

inactive, their total energy expenditure and intake may be so low as to result in
an inadequate intake of some nutrients. If calculated energy requirements for
some groups of elderly people suggest that such a risk exists, encouragement is
needed to achieve a higher intake of energy preferably by stimulating physical
activity and thus greater energy expenditure. Such advice and encouragement
may be especially necessary in institutionalised elderly people, in whom energy
intake may not even be sufficient to meet the low energy expenditure, so that
weight loss may be a particular problem. In this case, encouragement of higher
intakes of energy is appropriate.

2.6.6 Estimated Average Requirements In view of these considerations the
Panel agreed a standard value for PAL in the elderly of 1.5 X BMR should be
used for ages 60 years onwards, irrespective of sex or of whether the groups
were housebound or institutionalised or living at home. The Panel recognised
that energy expenditure was likely to be greater in free-living than institu-
tionalised elderly people, and that the bed-ridden would have markedly reduced
energy expenditure. The Panel considered that the paucity of the data did not
allow further valid sub-division, and that the prescriptive use of this value of
1.5 x BMR would be unlikely to lead to harm, in particular from provision of
insufficient food energy. EARs for energy in the elderly were calculated from
data in Annexes 1 and 2 and are given in Table 2.11.
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3. Fat

3.1 Essential fatty acids

3.1.1 Definition The essential fatty acids (EFAs) are linoleic acid (C18:2,
n-6), and alpha linolenic acid (C18:3, n-3). There are several longer chain fatty
acids, of which arachidonic acid (C20:4, n-6), eicosapentaenoic acid (C20:5,
n-3) and docosahexaenoic acid (C22:6, n-3) are physiologically important,
which can be made to a limited extent in the tissues from linoleic and alpha
linolenic acids. They are not strictly essential fatty acids but in EFA deficiency,
intakes of these longer chain fatty acids may become critical.

3.1.2  Functions of EFAs EFAs in phospholipids are important for main-
taining the function and integrity of cellular and sub-cellular membranes. They
also participate in the regulation of cholesterol metabolism, being involved in
its transport, breakdown and ultimate excretion. They are precursors of
prostaglandins, thromboxane, leukotrienes and of arachidonic, eicosapen-
taenoic and docosahexaenoic acids. It has been postulated that in infants there
may be a specific dietary requirement for these longer chain fatty acids during
rapid brain development!. In contrast to breastmilk, infant formulas do not
contain longer chain fatty acids. Premature infants have been shown to have a
specific requirement for these fatty acids2 but there is no evidence for this in
full-term infants.

3.1.3 Sources of EFAs EFAs are present in all natural lipid structures but
are relatively more common in the storage lipids of plants and of marine
animals than of land animals. Most vegetable oils and some fish are therefore
good dietary sources. Intakes in Great Britain, estimated from the Dietary and
Nutritional Survey of British Adults, were 11.7 g/d of n-6 fatty acids and
1.6 g/d of n-3 fatty acids3. The main sources of n-6 fatty acids were vegetables,
fruit and nuts (3.0 g), cereal products (2.6 g) and fat spreads (2.4 g). The main
sources of n-3 fatty acids were vegetables (0.4 g), meat and meat products
(0.3 g), cereal products (0.3 g) and fat spreads (0.3 g).

3.1.4 Deficiency A deficiency state arising from an inadequate intake of
linoleic acid has been demonstrated in children4. Although a specific deficiency
state arising from inadequate dietary alphalinolenic acid has not been demon-
strated in healthy humans, it is regarded as a dietary essential. Long chain fatty
acids of the n-3 series are needed for the development and function of the brain
and retina.

3.1.5 Dietary Reference Values DRVs for EFAs have been derived only on
the basis of prevention of EFA deficiency, although it has been proposed that
levels of EFA intake above those required to prevent deficiency may be
important in modulating the risk of cardiovascular disease. This aspect of EFA
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intake is discussed in section 3.4. Most adult Western diets provide 8 to 15 g/d of
EFAs and healthy people have a body reserve of 500 to 1000 g in adipose tissue.
Overt evidence of EFA deficiency in adults is seen only in clinical situations when
they provide less than 1 to 2 per cent of total dietary energy or less than 2 to 5 g/d of
linoleic acid. The total EFA concentration in human milk represents about 6 per cent
of its energy. the lower level recommended in Artificial Feeds for Young Infantss of
linoleic and alpha linolenic acids in a feed for normal infants was that together they
should constitute at least 1 per cent of the total energy (the amount required to cure
deficiency). This does not match the concentrations usually found in human milk and
there have been suggestions that the lower level be 3 per cent of total energy$, or 4.5
per cent for linoleic acid and 0.5 per cent for alpha linolenic acid2. There is no
evidence that these higher levels offer advantages over the lower ones. The Panel
therefore recommended that for infants, children and adults linoleic acid should
provide at least 1 per cent of total energy and alpha linolenic acid at least 0.2 per cent
of total energy.

3.2 Free radicals and lipid peroxidation

3.2.1 Introduction In the last decade there has been a substantial increase in
information on the biological importance of oxygen-derived species, such as
hydrogen peroxide and free radicals (eg hydroxyl or superoxide). These highly
active species have the capacity to damage cellular components by oxidation at
any site where the species are produced’. The extent of damage is dependent
both on the activity and on the biological half life of the radical, although the
body has a substantial capacity to repair such damage. Nevertheless, radicals
produced intracellularly can damage DNA and lead to mutationss. It is thought
that the hydroxyl radical is important in natural killer T-lymphocyte activity®.
Structural integrity is an important factor in preventing tissue oxidation?’.
However, all membrane lipids, particularly polyunsaturated fatty acids, are
vulnerable to peroxidation, and once established, lipid perodixation is auto-
catalytic. Transitional metal ions, such as iron and copper are particularly
important catalysts of peroxidation in biological systems. Although largely
bound in organic complexes, there is evidence, particularly for iron, that in a
number of tissues they may be bound loosely enough to act as a catalyst for
these reactions8-10. These effects have led to claims that lipid peroxidation may
be a pathogenetic factor in conditions such as ageing, and in the development of
cancer and atherosclerosis!!. Such claims have in turn led to concern that an
increase in dietary polyunsaturated fatty acids (PUFAs) may increase risk of
these conditions, although there is no evidence for such a relationship.

3.2.2 Biology

3.2.2.1 Free radicals are produced in vivo in the course of normal oxidative
metabolism, as a result of cytochrome P,s, activity and as part of the
respiratory burst of activated phagocytes in cell mediated immunity. To
counteract the oxidative process, there are two main groups of natural
antioxidants: preventive substances which are mainly iron chelators or binding
compounds! and radical scavengers which include superoxide dismutase,
vitamins E and C, urate and carotenes!2. Selenium is essential for glutathione
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peroxidase which can also metabolise lipid peroxides to fatty acids. A dispro-
portion in the balance between these two arms of the process might result in
tissue damage. Although a number of the components involved in these
reactions (substrates, catalysts, antioxidants) can be derived from the diet, it is
not established how their dietary intake modulates their activity in the body.

3.2.2.2 There are a few conditions in which lipid peroxidation and free
radicals have an established pathogenetic role in reperfusion injury and in tissue
rejection following transplant surgery!®.13. Peroxidised lipids have also been
found in a number of disease states?, but it is likely that this is a result of pre-
existing disease rather than a primary causal factor, as damaged tissues are
more prone to peroxidation than healthy ones. Under these circumstances
peroxidation is likely to lead to a continuation of damage rather than initiate it.
Only in few of the clinical situations where oxygen radicals are accepted
contributors to their pathogenesis, such as Keshan Disease, is antioxidant
therapy effective!4. This may be related, at least in part, to the failure of the
antioxidant to reach the site of radical activity and cellular damage (see also
Section 19).

3.2.2.3 There is no direct evidence bearing on the role of dietary fat in this
area. Populations with high ratios of dietary polyunsaturated to saturated fatty
acids (P:S ratio) are not characterised by high rates of cardiovascular disease or
bowel or breast cancer. Such populations usually do not derive a large
proportion of dietary energy from total fat. Initial reports that diets high in
PUFAs, used to lower blood cholesterol and modify cardiovascular disease
risk, were associated with an increase in gallstones and pancreatic cancer have
not subsequently been substantiated.

3.2.3 Conclusions

i. Itislikely that peroxidation of tissue polyunsaturated fatty acids (PUFAs) is
a response to pre-existing tissue damage, although this may contribute to
continuation of disease processes;

ii. Balance within tissues between free radical activity and antioxidant status is
important for the maintenance of cellular integrity;

iii. Intake of antioxidants is the major dietary contributor to that balance;

iv. No evidence exists that high dietary intakes of PUFAs have been associated
with any human disease.

3.2.4 Guidance on high intakes The Panel noted that despite the paucity of
evidence, recommendations have been made by other expert committees that
dietary PUFA should not contribute more than 10 per cent to dietary energy.
The Panel found insufficient evidence either to support or contradict these
recommendations, but accepted that existing evidence justified a cautious
approach. The Panel therefore proposed that the dietary intake of polyunsatu-
rated fatty acids by individuals should not exceed 10 per cent of total food
energy.
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3.3 Positional and trans isomers of fatty acids

3.3.1 Introduction The introduction in most molecules of a double bond
gives rise to the possibility of geometric (cis-frans) isomerism. Fatty acids
containing more than one double bond are common in nature. Unsaturated
fatty acids from all vegetable, and most animal, sources adopt the cis
configuration. In addition, a fatty acid may have similar numbers of double
bonds at different positions in the chain (positional isomerism). Interest in the
metabolic effects of frans-fatty acids has grown recently because of suggestions
that their consumption may be linked to the development of human disease,
particularly cardiovascular disease. Trends to increased consumption of hydro-
genated vegetable and fish oils in margarines and other spreads has led to an
increased trans-fatty acid consumption as these fats are a rich dietary source of
trans and positional isomers of fatty acids!5-17. Consumption of these products
is, however, now declining!8.

3.3.2 Dietary sources of isomeric fatty acids Industrial hydrogenation is the
chief but not the only source of dietary trans fatty acids. Ruminal bacteria of
domestic cattle and sheep generate frans isomers. There is a significant
accumulation of these frans fatty acids in the milk and therefore other dairy
products, and in beef and lamb!®. In the United States, margarines and
shortenings are almost entirely produced from vegetable oils, while the UK
makes substantial use of fish oils. These may contain up to 18 per cent of fatty
acids with 20 or more carbon units compared to less than 1 per cent in vegetable
oils. The variety of unnatural positional or geometric isomers which results
from their hydrogenation is therefore wider. It also varies with the source (deep
water versus inshore) and variety of the fish used. Hydrogenation is used not
only to process foodstuffs for direct human consumption, but also to a lesser
extent to prepare animal feed. Small amounts of ¢rans fatty acids therefore find
their way into the human food chain via poultry and pork. The high
temperature to which vegetable oils are subjected during deep frying renders
them susceptible to direct isomerisation in the frying process, particularly
where the fat is used repeatedly. Many deep-fried foods do, as a result, contain
variable quantities of frans or cis fatty acid isomers which are not encountered
in nature.

3.3.3 Dietary consumption of trans fatty acids The National Food Survey!8
gives information based on household food purchases in Great Britain which
indicates that average consumption of trans fatty acids is about 5 g/d, although
the range is wide, depending on diet and the sources of dietary fat, and intakes
up to 25 or 30 g/d are possible!”. The Dietary and Nutritional Survey of British
Adults showed that intakes of trans fatty acids in 1986/87 averaged 5.6 and
4.0 g/d for men and women respectively3. The intakes of other isomeric fatty
acids have not been estimated. Trans fatty acids consumed by mothers will be
transmitted to suckling infants via breastmilk. The reported quantities of trans
isomers in human milk vary from 2-18 per cent of the total fatty acids,
corresponding approximately to the quantities in the diet20.2! and change
rapidly in response to diet modification. One study has shown that adolescents
consume the same proportion of trans fatty acids, mostly trans, 18:1 as adults.
No trans 18:2 isomers were detectable in significant amounts in the diet22.
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3.3.4 Digestion, absorption and metabolism of trans fatty acid isomers In
general frans unsaturated fats are digested, absorbed and metabolised in a
manner and at a rate which is indistinguishable from their cis-unsaturated
counterparts?!.

3.3.5 Isomeric fatty acids and health Enrichment of the diet with trans fatty
acids, following the previous widespread use of partially hydrogenated veg-
etable and fish oils has raised concerns regarding the health risks of this
development. The structural similarities between cis, cis linoleate and its all
trans counterpart raised the possibility that the trans isomer might exhibit
essential fatty acid activity or, alternatively, might affect linoleate metabolism
and aggravate essential fatty acid deficiency, but this theory has not been
confirmed. No data are available on other (positional) isomers of fatty acids.
Toxicological effects have not been ascribed to any of the trans isomers, with
the exception of trans 9, trans 12 octadecadienoic acid which at high levels in the
diet was found to impair delta 6 desaturase activity and decrease prostaglandin
synthesis in experimental animals23. However, insignificant amounts of this
isomer are found in hydrogenated fats and it is barely detectable in human
tissues.

3.3.6 Atherosclerosis Extensive studies have failed to confirm a relationship
between frans and positional isomers and atherogenesis. Investigations of the
influence of trans fatty acids on plasma cholesterol level have shown both
elevating and neutral effects. Many studies were flawed, and reliable data on
the effects of frans fatty acids at the levels likely in any conventional UK diet are
scarce. Diets containing high levels of trans fatty acids (about 11 per cent of
energy) raise LDL-cholesterol concentrations when compared with C18:1 cis
fatty acids (oleic acid), although not to the same extent as a diet high in C12 and
C16 saturated fatty acids. In the same study HDL cholesterol fell when trans,
but not saturated, fatty acids were exchanged with oleic acid24.

3.3.7 Cancer An association between the incidence of cancer of the colon,
breast and prostate and the use of industrially hydrogenated vegetable fats has
been reported25, but other known risk factors, or socioeconomic factors, might
have accounted for the association.

3.3.8 Conclusions

i. The biological effects of dietary isomeric fatty acids in the UK remain to be
fully elucidated and knowledge of the range of intakes and trends is incomplete.
A number of areas have been inadequately studied (eg hydrogenated fish oils,
positional isomers). The properties of trans fatty acids so far studied are such
that they cannot generally be regarded as equivalent either to their cis
counterparts or to saturated fatty acids. The Panel concluded that the data did
not adequately refute or support the allegations of potential long term adverse
effects on health of isomeric fatty acid intake in the UK.

ii. The average and extremes of intakes of isomeric (including trans) fatty acids
should be monitored in the UK. More research is needed on biological effects of
different isomeric fatty acids, particularly those resulting from hydrogenation
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of fish oils. In the meantime trans fatty acid intake in the population should not
increase further than the current estimated average of 5 g/d or 2 per cent of
dietary energy.

3.4 Cardiovascular disease

3.4.1 Death from cardiovascular disease Mortality from coronary heart
disease (CHD) in the UK is amongst the highest in the world!5, and has been
related to fat intakes. Although these rates have been declining for more than 15
years, CHD accounts for more deaths in men than any other single cause, and is
particularly important in men under the age of 55. CHD deaths in women equal
those from all causes of cancer combined. CHD is a major cause of morbidity
as well as mortality, encompassing a spectrum of severity from asymptomatic
atherosclerosis through symptomatic disease, eg angina pectoris, acute myocar-
dial infarction, heart failure, to sudden death. Death from CHD usually
follows a myocardial infarction, following an interruption of the blood supply
to heart muscle via the coronary arteries. Coronary occlusion usually takes the
form of a thrombosis in a main coronary artery which has previously been
considerably narrowed by atheroma. It is the concurrence of atherosclerosis
and thrombosis which results in infarction. The pathogenesis of each, however,
may be different. Cardiovascular disease also includes cerebrovascular and
peripheral vascular disease. Although fewer deaths are attributable to the latter
conditions, they are nevertheless considerable causes of morbidity.

3.4.2 Atherosclerosis This is characterised by the accumulation of
cholesterol-rich lipid deposits within the arterial wall, eventually leading to
endothelial damage, plaque formation and narrowing of the arterial lumen.
The major arteries of the heart (coronary arteries), of the brain and of the legs
are particularly prone to develop atherosclerosis. The pathogenesis of this
condition is not clear, but it appears to involve cholesterol in low density
lipoproteins (LDL) being taken up by macrophages within the arterial wall. The
relationship of fatty streaks, which may be found in the arteries of children and
young adults, to later atherosclerosis is not known.

3.4.3 Thrombosis This is usually the final event in coronary occlusion, and
is the result of intravascular platelet aggregation, with an associated fibrin
matrix. The formation of a thrombus requires an adequate supply of clotting
factors, particularly of Factor VII and fibrinogen. Increased concentrations of
these precursors have been linked to increased risk of CHD. Smoking has been
associated with an increase in plasma fibrinogen.

3.4.4 Risk factors for atherosclerosis The development of atherosclerosis
depends on numerous risk factors both genetic and environmental. Smoking,
high blood pressure and raised serum cholesterol are the major ones, while
before the menopause women are relatively protected. Familial CHD risk is
often unassociated with the major risk factors. Smoking is associated with a
dose related increase in risk of death from CHD, independently of other risk
factors. Risk of death from CHD is strongly correlated with blood pressure.
About 50 per cent of the variation in CHD risk can be attributed to these known

44



environmental risk factors. Other modulators of risk may include dietary
components such as antioxidant vitamins, which influence macrophage uptake
of LDL, and long-chain fatty acids which may affect blood clotting.

3.4.5 Serum cholesterol There is a continuous increase in risk of death from
CHD with increasing serum cholesterol. This is a consistent finding which has
been demonstrated both within and between populations. In Western societies
risk of death from CHD is 4 fold greater in the top 10 per cent than in the
bottom 10 per cent of the distribution of serum cholesterol. It has been
calculated that, allowing for measurement error, a 10 per cent difference in
serum cholesterol is associated with a 30 per cent difference in CHD rates.
Cholesterol is transported in the plasma in association with specific proteins
which direct its metabolism. Four major lipid-protein complexes (lipoproteins)
arerecognized (chylomicrons, very low density (VLDL), low density (LDL) and
high density lipoproteins (HDL)). Coronary heart disease risk has been linked
primarily with LDL which carries 70 per cent of plasma cholesterol. LDL in
modified form is thought to be avidly assimilated by macrophages in the arterial
wall and has been identified as a component of atherosclerotic lesions.
Conversely, plasma concentrations of HDL are inversely associated with CHD
mortality. There are specific inherited abnormalities of LDL cholesterol

metabolism which result in markedly increased risk of CHD and premature
death.

3.4.6 Dietary saturated fatty acids and serum cholesterol The major non-
genetic determinant of serum cholesterol levels is diet, and death rates from
CHD in different countries are associated with national fat consumption26. The
association between CHD mortality is closest with saturated fatty acid (SFA)
supplies, which has been demonstrated in both international and national
studies. Similarly, national average SFA supplies correlated closely with
national average serum cholesterol concentration2?. As the amount of dietary
SFA increases, the serum levels both of LDL cholesterol and of total cholesterol
rise26.28, Not all SFA have the same effects. The major effect on serum
cholesterol is due to myristic acid (C14) which accounts for 67 per cent of the
explained variance. Palmitic acid (C16) has a lesser effect, and there is no
evidence that SFA of longer (stearic, C18) or shorter (C10, C12) chain lengths
have any effect on serum cholesterol26.28, However, despite these differences, it
is usual to consider total saturated fatty acids as a class for practical purposes.

3.4.7 Dietary polyunsaturated fatty acids and serum cholesterol Increasing
dietary n-6 polyunsaturated fatty acid (PUFA) intake decreases both total and
LDL cholesterol, independently of any change in SFA. However, n-3 PUFA,
such as docosahexaenoic and eicosapentaenoic acids in fish oils, and alpha
linolenic acid, do not appear to have any effect on serum total cholesterol
levels, but may be involved with clotting pathways. Increased n-3 PUFA intake
may inhibit thrombus formation, and has been shown to reduce the risk of
further myocardial infarction in men with at least one previous episode. n-3
PUFA also lower serum triglyceride concentrations.
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3.4.8 Dietary monounsaturated fatty acids and serum cholesterol Low
CHD rates have been described in countries following a so-called
‘““Mediterranean diet”’. Although some of these countries, eg Greece and
Southern Italy, have relatively high intakes of cis-monounsaturated fatty
acids?6.2°, the Mediterranean diet is characterised more by low saturates and
low total fat intakes as well as a number of other factors including high intakes
of fruit, vegetables and wine. Most Mediterranean countries have much lower
total fat and SFA intakes than the UK whilst having similar or slightly greater
cis-monounsaturated fatty acid intakes. Experimental studies in man show that
cis-monounsaturated fats are neutral with regard to changes in total cholesterol
in blood?¢:28, There is insufficient evidence at present that a specific increase in
cis-monounsaturated fatty acid intake would help to prevent coronary heart -
disease.

3.4.9 Total fat and serum cholesterol Although in international studies total
fat supplies are associated both with average cholesterol concentration and with
CHD mortality30, an effect of total fat intake on cholesterol metabolism or
CHD risk independent of SFA or PUFA intakes has not been demonstrated.
Although there is some evidence from small clinical studies that levels of Factor
VII may be determined at least in part by total dietary fat intake, irrespective of
its composition3!, these data are preliminary. Nevertheless, they provide
support for the view that it may be important not to allow an unrestricted intake
of fat, irrespective of its composition. Therefore the Panel concluded that DRV
for fat should be calculated from the summation of the reference values for
individual classes of fatty acids.

3.4.10 Dietary cholesterol Dietary cholesterol intake has a small effect on
serum cholesterol levels. The effect of dietary cholesterol in raising serum
cholesterol is minimised when SFA intake represents a small proportion of
energy.

3.4.11 Serum cholesterol reduction and risk of CHD A number of long-
term prospective studies has been carried out to assess the effect on CHD of
reducing serum cholesterol, either by diet alone or with drugs, or with other
interventions. These studies uniformly demonstrate a fall in CHD events when
serum cholesterol is decreased32-33. These long-term studies have all been
performed on men, and most on men who might be considered at relatively high
risk for CHD. A reduction of CHD in women or in the population at average
risk has not been demonstrated. However, there seems no reason to suppose
that the effect of the interventions would not be qualitatively similar, as the
relationship between CHD risk and serum cholesterol is continuous, and
reduction in risk is proportional to reduction in serum cholesterol. In interven-
tion trials overall mortality was not altered. Although these trials were not
designed with the power to demonstrate such a difference, this has been a
matter of concern. Studies to assess an effect on all cause mortality would need
to be even larger and/or longer than those already carried out.

3.4.12  Serum cholesterol and risk of other diseases It has been suggested
that a low serum cholesterol may increase the risk of cancer. However, in
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populations with low average serum cholesterol concentrations, spontaneous
cancer rates are no higher than in those with higher cholesterol levels.
Furthermore cancer rates in Western population groups with low cholesterol
concentrations fall if those developing cancer soon after sampling are excluded,
suggesting that the low cholesterol may be a result of pre-existing undiagnosed
cancer. Some cancer cells have been shown to have receptors for LDL
cholesterol which might explain such an effect, and LDL catabolism has been
shown to be increased in metastatic prostatic cancer34. Dietary intervention
studies show that where coronary heart disease risk is lowered in association
with a fall in blood cholesterol, there is no specific rise in cancer deaths which is
out of proportion to the change in other death rates35. The balance of the
evidence therefore is against a specific predisposing effect of low blood
cholesterol to cancer. If low blood cholesterol is causally associated with cancer
development it is likely that the effect is small and limited only to those with
very low cholesterol levels. The possible disadvantages of a low blood choles-
terol are outweighed by the benefits to the population as a whole in terms of
coronary disease prevention (see also 3.5.4.3). A meta-analysis of a number of
primary prevention intervention studies has suggested that lowering of blood
cholesterol may increase deaths not related to illness3¢. The potentially
different adverse effects of various methods of cholesterol reduction deserve
further investigation.

3.4.13 Dietary change and serum cholesterol Based on the results of a large
series of human metabolic studies (para 3.4.6), the relationship between dietary
intakes of SFA, PUFA and cholesterol on the one hand, and serum cholesterol
on the other, have been described in equations26-28. These equations can be used
to predict in groups of people the effect on serum cholesterol concentrations of
changes in dietary intakes of these nutrients assuming energy intakes remain
constant. The Panel concluded that a reduction in serum LDL concentration
would be expected to result in a fall in risk of cardiovascular disease in the
population32.33, It further recognized that further substantial data applicable to
the general population were unlikely to be forthcoming in the foreseeable
future. A reduction in serum LDL cholesterol levels in the general population
could most effectively be achieved by a reduction in SFA consumption. Low
SFA intake is not known to have any adverse effects. Increased PUFA intake
might have some undesirable sequelae (see para 3.2.3). Although an increased
intake of monounsaturated fatty acids might reduce LDL cholesterol, the
weight of evidence in support of this is much less than that pertaining to SFA
and PUFA, but an increased intake does not necessarily increase serum
cholesterol. Any effects of total fat on serum cholesterol appear to be mediated
mainly through the sum of the effects of its component fatty acids. It is not
known to what extent changes in energy balance may affect these predictions.

3.4.14 Relationship of serum cholesterol to CHD risk The evidence relating
serum cholesterol to CHD risk does not suggest a threshold effect—that is a
particular level of serum cholesterol above which the risk is high, and below
which the risk is low. Rather, the risk appears to increase continuously with
serum cholesterol37. The Panel accepted that here, even more than for many

47



other areas, any reference value would be based on a judgement involving
practical and cultural considerations, as well as the scientific evidence.

3.4.15 Method of expression of fat intakes Conventionally, fat intakes have
been expressed as a proportion of dietary energy to control for dietary energy
intake, and so to some extent for energy expenditure and body size. However,
while the composition of the diet is important, it is possible that the absolute
amount of fat consumed is also relevant. There is no reason to suppose that
reducing the proportion of dietary energy from fat by increasing fotal energy
intake from greater consumption of low-fat foods would lead to decreased
CHD risk, particularly in the absence of increased energy expenditure. Further-
more, energy from alcohol may contribute to total energy intake. Conven-
tionally, recommendations for fat intake have been made as a proportion of
food energy (ie excluding alcohol), to avoid the possibility of achieving the
targets by increasing alcohol intake rather than reducing SFA intake.

3.4.16 Alcohol and energy intakes The Panel endorsed the recommenda-
tions of the Royal College of Physicians that men should not drink more than
21 units (168 g) and women 14 units (112 g) of alcohol weekly (representing
about 7 per cent of dietary energy)38. However 21 per cent of adult men and 35
per cent of adult women are not regular consumers of alcohol3. In order to
facilitate the flexible use of reference values for fat and carbohydrate, the Panel
agreed to present them as percentages both of total dietary energy, and of food
energy. If the recommendations for limiting alcohol intake were achieved, the
differences between the two sets of figures would be less.

3.4.17 Derivation of Dietary Reference Values Expert groups both in
Europe and in the USA have accepted conventional categories of serum
cholesterol such that less than 5.2 mmol/l represents a desirable level,
5.2-6.4 mmol/1 is mildly elevated, 6.5-7.8 mmol/1 is moderately elevated, and
more than 7.8 mmol/l is severely elevated39:40, In Great Britain average serum
cholesterol in adults is about 5.8 mmol/l and average daily SFA intake is
36.5 g/day, representing 16 per cent of dietary energy3. Data from the NFS are
consistent with this figure (see table 1.7). Based on the Keys equation2 it is
possible to calculate that a reduction in average SFA intake to 10 per cent of
total energy would be expected to result in a decrease in serum cholesterol
concentration of about 0.4 mmol/I1. If this reduction were confined to SFA of
14 or 16 carbon atoms, then the reduction in serum cholesterol would be
expected to be greater. This in turn would be expected to reduce the risk of CHD
in the UK substantially. Only about 5 per cent of adults in the UK currently
derive 10 per cent of energy or less from SFA. These calculations have been
based on the assumption that the distribution of national fatty acid intakes
around the mean remains similar, although the mean intakes might change. The
evidence relating to this assumption is very scanty, and the Panel agreed that
such an assumption might not prove accurate. The Panel recommended that
research be done into the changes in population distributions of intakes of
nutrients in response to efforts to change them.
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3.4.18 Dietary Reference Values The Panel therefore proposed that:

i. Saturated fatty acids should provide an average for the population of 10 per
cent of total dietary energy;

ii. Cis-polyunsaturated fatty acids should continue to provide an average of 6
per cent of total dietary energy for the population and be derived from a
mixture of n-6 and n-3 PUFAs;

iii. Cis-monounsatured fatty acids (principally oleic acid) should continue to
provide on average 12 per cent of dietary energy for the population;

iv. Total fatty acid intake can be calculated as the sum of the component fatty
acids (see 3.8) to average 33 per cent of total dietary energy for the population.
The Panel stressed that the DRVs for fat and fatty acids were closely
interdependent and interrelated, and could not be taken in isolation.

3.5 Cancer

3.5.1 Introduction Cancer accounts for 23 per cent of all deaths in Britain.
With few exceptions, the risk of cancer increases with age (Fig 3.1). Of the most
common cancers, rates in Britain are declining for stomach cancer, but
increasing for cancer of the skin and bladder. In women, the incidence of breast
and lung cancer is increasing. In men, rates for cancer of the prostate are
increasing41,

3.5.2 Geographical variations in cancer incidence There is a marked geo-
graphical variation worldwide in age standardised incidence of different types
of cancer2. Incidence rates in migrants change to match those of the host
population within one or two generations, suggesting a strong environmental
component. An association has been described between dietary factors and the
occurrence of most common cancers in the UK. Fat intake has been particularly
associated with cancer of the breast, large bowel, pancreas and prostate*3.
Evidence linking fat with these cancers is derived from animal studies and
human epidemiological data44.

3.5.3 Animal Studies In animal studies cancers are initiated using large
doses of known carcinogens, such as polycyclic hydrocarbons, but at a dose
several orders of magnitude greater than encountered in human food or other
environmental sources. For this and other reasons the relevance of experimen-
tal cancers to human cancer remains in doubt. Breast tumour incidence is
approximately doubled in the animals fed 40 per cent energy as fat compared
with those fed 20 per cent45. Present levels of fat in the British diet are 38 per
cent of total energy (Table 1.7). Diets high in fat are generally high in energy so
the effect of fat on tumour promotion may be related to total energy intake. A
20 per cent reduction in food intake has an effect equal to a similar reduction in
fat in suppressing tumour formation by 40-60 per cent#5. In recent studies no
overall effect of dietary fat on tumour promotion independent of energy has
been found*6-48, Recent experiments suggest that polyunsaturated fatty acids
of the n-3, but not the n-6, series (principally eicosapentaenoic acid) tend to
suppress tumour promotion, whereas there is a tumour requirement for the n-6
series of approximately 10 per cent of total energy4s.
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3.5.4 Epidemiology

3.5.4.1 Breast cancer Total dietary fat intake is consistently related to
human breast cancer mortality and incidence in cross-country studies®3.
However, most case control and prospective studies within any one country do
not find a relationship between dietary fat and breast cancer incidence 48-52,
although this might be expected in view of the narrow range of dietary intakes
within any one population53. There is an increased risk of postmenopausal
breast cancer with obesity>4, possibly due to increased oestrone production by
adipose tissue’5. In a prospective study by the American Cancer Society
mortality from cancers both of the breast in women and of the large bowel in
men were increased when weights were 40 per cent above average6. Risk of
endometrial cancer is greatly increased with overweight. In contrast, there is
probably an inverse association between premenopausal breast cancer and body
weight>4,

3.5.4.2 Colon Cancer The incidence of human colon cancer is related to
dietary fat intake in cross-country studies, although it is at least as strongly
related to meat consumption43. However, case control studies have not shown a
consistent association between dietary fat consumption and risk of colon
cancers0.51, Recent results from the largest and best controlled prospective
studies of fat and colon cancer show an increased risk with high saturates and
high monounsaturated fat intakes57. This study also confirmed the association
with high meat intake. Earlier studies found no increased risk with total fat in
an Hawaiian Japanese population based on a 24 hour diet recall5!. Preliminary
studies of Seventh Day Adventists show an increased risk of colon cancer with
high total fat consumption52. In a prospective study of colorectal adenomas in
men, saturated fat was positively associated with risk (independent of energy
intake) whilst dietary fibre was protective38. Internationally, there is a positive
association between cholesterol intake and large bowel cancer incidence>®.

3.5.4.3 ' Cancer and serum cholesterol In a number of case control and
prospective studies, low serum cholesterol has shown an association with
increased risk of cancer. This has been attributed to the metabolic effects of
pre-existing disease, because the associations are attenuated when the data were
analysed to exclude individuals who were diagnosed as having cancer soon after
their serum cholesterol was measured® (see 3.4.12). In addition, most of the
studies were small so that the findings were shown only for lung cancer, which is
the most common cancer, and which is primarily related to cigarette smoking,
with inconsistent associations in the few patients who developed colon or breast
cancer!. In the largest studies of more than 92,000 people in Sweden and
California, serum cholesterol was either positively but weakly, or not at all
related to large bowel cancer risk62. 63,

3.5.4.4 Prostatic cancer shows a positive association internationally with
total fat intake43. In addition there is a relation between fat intake and prostate
cancer mortality between counties within the USA. There are some reports of
higher fat intakes in patients with prostate cancer compared with controls#+.
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3.5.5 Dietary fat and aetiology of cancer A number of mechanisms whereby
fat could be involved in cancer promotion has been suggested®4. Hormones,
particularly oestrogens, are known to be important promoters of both animal
and human breast cancer but there are conflicting reports on the effect of fat on
circulating levels of oestrogen, other female sex hormone levels and sex
hormone binding globulin33. Other suggested mechanisms include modulation
of immune function and prostanoid synthetic pathways, and membrane lipid
peroxidationS4. In bowel cancer, it has been proposed that the concentration of
faecal bile acids is increased by high fat diets and that secondary bile acids act as
tumour promoters. However, individuals living in areas with a high risk of
colon cancer do not have a higher faecal bile acid concentration or total faecal
bile acid output compared with those living in areas with a low risk, neither do
cases of large bowel cancer have higher faecal bile acid outputs or concen-
trations compared with controlsés. Other factors modulating the solubility of
free bile acids may be involvedss.

3.5.6 Conclusions The Panel concluded that there is currently insufficient
evidence on which to base a recommendation for a decrease in fat intakes to
prevent cancer, although an increase in consumption of any fatty acid should
not be encouraged. The Panel agreed that the DRVs based on other consider-
ations and presented in para 3.8 were consistent with a prudent view of the
current data relating dietary fat and the occurrence of cancer.

3.6 Obesity

3.6.1 Introduction Obesity is a state of excess body fatness, and it is
associated with an increased risk of non-insulin dependent diabetes, hyperten-
sion, atherosclerotic cardiovascular disease, endometrial cancer, gallstones and
other conditions. Body fatness can be measured as the generally accepted, but
imperfect, Body Mass Index (BMI: weight (kg)/height (m)2), with a BMI
between about 20 and 25 representing the normal range, and a BMI greater than
about 30 being unequivocally recognized as obesity. A BMI between 25 and 30
may be described as overweight. The BMI takes no account of the distribution
of body fat nor of muscularity. Central obesity may carry greater cardiovascu-
lar risks than peripheral obesitys’. Obesity and the diseases related with it
become more common with increasing age8:6%, The risk of developing obesity-
related diseases increases with the degree of fatness, although the relationship is
not linear. Obesity tends to run in families, and both environmental and genetic
factors play a part in who will become obese®®. In Great Britain between 1980
and 1987 the proportion of adults with BMI in excess of 25 increased from 35 to
40 per cent, and of those with BMI in excess of 30 from 7 to 10 per cent3.

3.6.2 Energy Expenditure On average, energy expenditure in obese subjects
is greater than in non-obese controlsé®.70, Obese subjects not only have greater
fat mass than non-obese subjects, but they also have a greater fat free mass
(FFM). FFM is a major determinant of the resting metabolic rate, and therefore
of total energy expenditure, and this explains the greater energy expenditure
found in obese subjects®®. Resting metabolic rate per unit of FFM is similar
between obese subjects and non-obese controls7O. Although much of the
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variance in resting metabolic rate between individuals can be accounted for by
differences in FFM, there is also a significant familial component, at least in
some populations’!. In a prospective study initial resting metabolic rate per unit
of FFM was lower in those individuals who subsequently gained weight than in
those who did not, in spite of similar FFM between the two groups at baseline’2.
Normal levels of resting metabolic rate per unit of FFM were reached in the
former group only when weight stabilised at a higher level. Control of energy
expenditure is therefore a result of the interaction between genetic and
environmental factors.

3.6.3 Energy intake Obesity can be the result of many years of daily energy
imbalance accruing over time and the imbalance may only be slight. It is
virtually impossible to obtain accurate data of food and nutrient intake over
that time span and most data are derived from individuals or groups of
individuals who have already become obese. Such data from dietary surveys
have not always been accepted. Most workers have found that self-reported
energy intake is lower than that which might be expected from objective
measures of intake or energy expenditure?3.74, There is evidence to support the
view that obese individuals are especially likely to underrecord’5:76 although
this has also not been found by all authors74.77. Almost all dietary surveys in
Western countries find that total energy intake is highly correlated with total fat
intake”7-78 and shows a negative correlation with BM178.79, The explanation for
this is not known, but is unlikely to be due simply to underrecording by obese
individuals, as the correlation occurs throughout the whole range of BMI from
lean to obese”®.

3.6.4 Fat intake With such uncertainty surrounding energy intake in obese
individuals, it is not surprising that there are even fewer data relating the intakes
of individual dietary components to obesity. There are no prospective data
relating fat intake to subsequent development of obesity and no evidence that a
high fat intake affects energy expenditure. In cross sectional studies total fat
intake has been found to be both positively and negatively related to BMI78.79,
There is evidence that the energy cost of fat deposition from dietary fat is less
than from other dietary components, but this effect is very small8°. However,
meals containing predominantly carbohydrates stimulate carbohydrate oxida-
tion whilst those containing mainly fat fail to promote fat oxidation, and
favour fat storage 8!-82. As fat provides more calories per gram than other
dietary constituents do, its addition to a food or diet necessarily increases the
energy density. Low fat diets are usually bulkier than high fat diets for a given
energy content, and this may have an effect in limiting energy intake. It has
been shown that reducing the energy density of the diet results in a significant
reduction in energy intake at least in the short term83-85, Whether this is related
to the development of obesity remains unknown, but low fat diets are valuable
in the management of established obesity86.

3.6.5 Conclusions The Panel concluded that there was insufficient evidence
either to establish or to exclude a special role for dietary fat in the development
of obesity. Nevertheless, fat increases the energy density of diets, and is
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palatable. This may be conducive to increased food energy intake in some
individuals with a genetic or behavioural predisposition. Dietary fat restriction
is a valuable contribution to the management of established obesity.

3.7 Diabetes mellitus

3.7.1 Introduction Diabetes mellitus is a condition characterised by an
elevated concentration of glucose in the blood because of inadequate secretion
or impaired action of insulin. It also results in a number of other metabolic
changes. There are two main types of diabetes in the UK. Insulin-dependent
diabetes mellitus tends to arise in childhood or young adulthood and affects
approximately 0.25-0.5 per cent of the population. Non-insulin dependent
diabetes mellitus is more common and is often associated with obesity. Its
prevalence increases with age and it may affect up to 30 per cent of individuals
over 75 years of age. Diabetes mellitus is associated with the development of
specific complications affecting the nerves, eyes and kidneys. In addition it is a
powerful additional risk factor for cardiovascular disease which is the chief
cause of death among diabetic subjects.

3.7.2 Diet and diabetes There is no suggestion that diet has any role to play
in the genesis of insulin-dependent diabetes. Diet may be related to the
development of non-insulin dependent diabetes insofar as obesity is a risk
factor for it, but there is no evidence that dietary fat has any special role (see
3.6.5). In contrast dietary manipulation has always formed a cornerstone of the
treatment of diabetes. Prior to the discovery of insulin in 1922 extreme
carbohydrate restriction although largely ineffective was the only treatment
available. Even 50 years after insulin treatment was introduced, carbohydrate
restriction of some degree, usually to 40 per cent or less of dietary energy, was
the basis of dietary recommendations for both main types of diabetes. In
consequence, the energy content of the diabetic diet was maintained by
increasing the proportion of fat, typically to 40-45 per cent of dietary energy.
High fat diets, which in the UK are usually also high in saturated fatty acids, are
associated with higher blood cholesterol concentrations, a risk factor for
cardiovascular disease, to which diabetic subjects are particularly prone. For
the last 15 years at least a reduction of fat, particularly of saturated fatty acids,
has been recommended for the UK population to reduce the risk of cardio-
vascular disease!S. More recently a diet high in complex carbohydrate and low
in fat and saturated fatty acids has also been recommended for diabetic
subjects’’.

3.7.3 Metabolic aspects Concentrations of total and low density lipoprotein
(LDL) cholesterol in the blood are positively related to the development of
cardiovascular disease!5. Elevated concentrations of triglycerides may carry
additional risks, particularly in diabetic subjects. Conversely, high density
lipoprotein (HDL) concentration is inversely related to cardiovascular disease,
and may be independently protective (see para 3.4.10). Diets high in complex
carbohydrate and low in fat do not have a detrimental effect in diabetic
control88. Nevertheless evidence that such diets are positively beneficial is less
persuasive8®. Very high carbohydrate diets (60 per cent of dietary energy or
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more) may increase blood triglyceride concentration and lower HDL concen-
tration in diabetic people®. The qualitative effects of saturated and mono-
unsaturated fatty acids appear to be similar in diabetic to non-diabetic
subjects91.92,

3.7.4 Conclusions The Panel concluded that there is no evidence for a direct
effect of dietary fat on the development of either insulin-dependent or non-
insulin-dependent diabetes mellitus. The Panel endorsed recent dietary recom-
mendations that in diabetes fat should provide about 30-35 per cent of energy,
with no more than about one third of that from saturated fatty acids.

3.8 Dietary Reference Values for fat

i. Saturated fatty acids should provide an average for the population of 10 per
cent of total dietary energy (see 3.4.18).

ii. Cis-monounsaturated fatty acids (principally oleic acid) should continue to
provide on average about 12 per cent of dietary energy for the population (see
3.4.18; 3.5.6).

iii. Cis-polyunsaturated fatty acids should continue to provide an average of 6
per cent of total dietary energy for the population and be derived from a
mixture of n-6 and n-3 PUFA (see 3.4.18). For infants, children and adults
linoleic acid should provide at least 1 per cent of total energy and alpha linolenic
acid at least 0.2 per cent of total energy (see 3.1.6). Dietary intake of PUFAs by
individuals should not exceed 10 per cent of total energy (see 3.2.4).

iv. Trans fatty acid intake in the population should not increase further than
the current estimated average of 5 g/d or 2 per cent of dietary energy (see 3.3.9).

v. Total fat intake should be calculated from the sum of fatty acid intakes and
glycerol (see 3.4.9) ie. Total fat=saturates + monounsaturates + polyunsatu-
rates + frans + glycerol. An increase in consumption of any fatty acid should be
avoided (see para 3.5.6). '

vi. Total fatty acid intake should therefore average 30 per cent, and total fat
intake ie including glycerol 33 per cent, of total dietary energy including alcohol
or 35 per cent of energy derived from food (see Table 1.2).
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4. Non-starch Polysaccharides

4.1 Introduction In considering the nutritional role of what is known as
““dietary fibre’’ the Panel was hindered in making a sound scientific assessment
of the literature because of imprecision in its terminology. Over the years a
variety both of definitions and of analytical techniques has been used which are
not necessarily comparable. The Panel supported the proposition by others that
the term ‘‘dietary fibre’’ should become obsolete! and decided for reasons given
below, that specific evidence in relation to dietary non-starch polysaccharides
(NSP) would be reviewed. NSP are the major fraction of ‘‘dietary fibre”
whatever definition is used, are chemically identifiable and can be measured
with reasonable precision. Where possible the physical properties of NSP have
also been taken into account.

4.2 Definition and Analysis

4.2.1 The term ‘‘dietary fibre’’ lacks a precise definition and has been
interpreted in many ways. Trowell defined it as ‘‘the plant polysaccharides and
lignin which are resistant to hydrolysis by the digestive enzymes of man’’2, but
although this definition represented an important conceptual advance in
nutrition, it posed an impossible task for the analyst because the fraction of the
diet which escapes digestion in the small bowel varies from individual to
individual and includes many things other than cell wall and related polysac-
charides. For example it has now become clear from experiments in man that
quantitatively more starches than non-starch polysaccharides resist digestion in
many foods3. NSP are the major component of the plant cell wall and the best
single index of the ‘‘dietary fibre’’ concept45.

4.2.2 Ligninis also a component of the plant cell wall traditionally included in
“‘dietary fibre’’, but it is chemically different from the cell wall polysaccharides
and in terms of the human diet is a minor component. Most analyses for lignin
give gross overestimates of the amounts present.

4.2.3 The methods developed for the measurement of *‘dietary fibre’’ in food
can broadly be divided into enzymatic-gravimetric and enzymatic-chemical
methods. Enzymatic-gravimetric methods attempt to isolate a fraction of the
diet which resists digestion in the human upper intestine6-8, but actually
measure an unspecified fraction of the diet which includes a variety of
components. Furthermore gravimetric methods give no details of polysac-
charide type or composition and currently do not allow subdivision into soluble
and insoluble fractions.

4.2.4 Enzymatic chemical methods identify a chemically defined fraction of
the diet ie non-starch polysaccharides®-!1. Non-starch polysaccharides are a
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Table 4.1 Non-Starch Polysaccharides (non alpha-glucan polysaccharides)

Class Description Solubility at Monomers Occurrence
pH 7.0
CELLULOSE Unbranched Beta 1-4 Glucan Insoluble Glucose Very widely distributed
especially leafy vegetables,
peas, beans and rhubarb
NON-CELLULOSIC DIVERSE MIXTURE:
POLYSACCHARIDES
Pectins Soluble Galacturonic acid Mainly fruit and vegetables
Glucans Soluble Glucose Oats, barley, rye
Arabinogalactans, arabinoxylans Partly soluble Arabinose, xylose, galactose, = Wheat, rye, barley
glucose
Gums: gum arabic Soluble Galactose
Plant gums used as food
sterculia Soluble Rhamnose, galactose, additives
arabinose
Mucilages: ispaghula Soluble Arabinose, xylose Seed mucilage of Plantago
ovata.
Storage: inulin guar Soluble Fructose Jerusalem artichokes; to a
Soluble Gilicioss, Manioss lesser extent in other root
vegetables
As food additives mainly
Fungal: chitin Insoluble Amino sugars Mushrooms and other fungi,

exoskeletons of crustacea eg
shrimps and prawns




complex group of polymers which can be sub-divided in various ways (Table

4.1). Individual classes can be characterised with reference to the composition

of the constituent sugars and uronic acids that make up these polymers. The

Englyst technique has been the subject of four collaborative trials organised by

the Ministry of Agriculture, Fisheries and Food (MAFF)!2-15 and can be

modified to classify NSP into insoluble and soluble fractions. It has been

recommended for food labelling purposes in the UK. The Panel therefore recom-
mended that “dietary fibre” be defined for labelling purposes as NSP where this
refers to non-alpha glucans as measured by the technique of Englyst and Cum-
mings!! or other comparable techniques. However, a number of NSP such as inulin,
polydextrose and pyrodextrins are present in the diet, or are added to it in small
amounts, but are not components of the plant cell wall and are not measured by any
of the commonly used methods for determining dietary fibre. Foods containing
these substances will need additional analyses to gain a complete estimate of their
NSP content, though the number of such foods is limited.

4.3 Sources and intakes of NSP

4.3.1 Tables giving the detailed NSP composition of UK foods are avail-
able!6-20, Detailed analysis of the composition of NSP in fruit, vegetables and
cereals reveals major differences in the chemical identity of the various
polysaccharides (Table 4.1). Cereals, especially whole grain foods, are a rich
source of NSP. In wheat, maize and rice NSP is mainly insoluble, but in oats,
barley and rye a significant proportion is soluble. Vegetables, containing more
moisture than cereals, have a lower total NSP than whole grain cereals and
different overall composition. Soluble and insoluble fractions are approx-
imately equal. The proportion of cellulose is 30-40 per cent of NSP and is even
greater in swede, broad beans and turnips. In fruit the ratio of soluble to
insoluble varies widely with uronic acids the main contributor to soluble.

4.3.2 Few data exist on NSP intake in the UK or other world populations (see
Table 4.2). Intakes of NSP in the UK are between 11 and 13 g/d with a range for
other developed countries of between 10 and 18 g/d. In Britain 50 per cent of
NSP is provided by vegetables and 40 per cent by cereals. 40-50 per cent of total
NSP is soluble. Individual intakes appear to range from an average of 5 to
25 g/d (Table 4.2), but more information on the distribution of intakes of NSP
between the various age and sex population groups is needed.

4.4 Appetite, satiety and energy intake

4.4.1 NSP-rich foods are generally less energy dense, more bulky, and may
induce greater satiety than NSP-free foods!. It has been proposed that cell wall
polysaccharides may be a barrier to consumption of energy and useful in the
prevention and treatment of obesity. In single meal studies, with apples and
oranges, it has been shown that removing NSP reduces satiety and increases
post-prandial glucose and insulin levels. Studies of free choice high and low
NSP diets have not provided consistent results. When isolated polysaccharides
such as guar gum are added to controlled diets there is evidence of an effect on
appetite but longer-term studies show that adaptation takes place. However,
the amount of NSP in a diet is characteristic of a type of diet rather than a
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Table 4.2 Non starch polysaccharide intake (g/d)

Country Total sd Range Soluble Insoluble  Cellulose  Hexoses Pentoses Uronic From From
acids cereals vegetables

Rural Finland?! 18.4 7.8 — — — 4.2 53 7.4 1.9 — —
Rural Denmark?! 18.0 6.4 — — — 3.7 5.5 6.6 2.2 — —
Helsinki2! 14.5 5.4 — — — 3.4 3.7 55 2.0 — —
Copenhagen?! 13.2 4.8 —- — — 3.2 3.6 4.5 1.9 e —
UK—National

Food Survey?22 12.4 — —_ — — 2.6 3.4 4.5 1.8 — —
UK—Men23 11.2 3.5 5-19 5.2 6.1 3.1 2.2 4.0 1.9 44 56
UK—Women23 12.5 4.1 7-25 5.4 7.2 3.3 2.2 4.8 2.0 : ’

Japan24 10.9 — - 4.1 6.8 3.0 2.9 1.8 3.1 — —




specific nutrient to affect appetite. Low NSP diets tend to be high in fat and
sugar and it is difficult to ascribe to NSP per se an effect on food intake in
humans.

4.4.2 NSP fermented in the large bowel are an energy source. In order to
estimate the potential contribution of energy from dietary NSP the extent to
which degradation occurs and the amount of short chain fatty acids produced
from fermentation need to be known. Although there is some gain in energy
from the fermentation of NSP, diets rich in NSP are associated with a lower
apparent digestibility of fat and protein! and therefore of energy. At current
intakes, this net gain from NSP is similar to the apparent loss from lower
digestibility of fat and protein. Animal evidence suggests that the energy from
short chain fatty acids may not lead to the deposition of body fat with the same
efficacy as carbohydrate.

" 4.5 The large intestine

4.5.1 In population studies ‘‘dietary fibre’’ intakes have been related to the
prevalence of diverticular disease, appendicitis, large bowel cancer, haemor-
rhoids and constipation2. However there are many confounding factors in the
interpretation of these data, both in diet and in lifestyle. In the diet particularly,
the nature and amount of starch has been virtually ignored, as has the fact that
high NSP diets are usually low in fat and animal protein. Furthermore few
reports are supported by measurements using modern methodology for dietary
assessment or reliable analysis of the NSP content of foods eaten. It is clear that
in some populations, such as the Japanese or urban South African blacks, low
NSP intakes are not associated with high risk of large bowel diseases.
Nevertheless no study has reported an association between high NSP and high
risk of large bowel disease. It is not currently possible to identify NSP as a
major dietary factor in the aetiology of these diseases. At best the aetiology may
be ascribed to the consumption of a type of diet characterised by low starch, low
NSP, high fat. Better epidemiological studies are needed.

4.5.2 Inexperimental studies in man cell wall material, measured by a variety
of techniques, has been shown to have major effects on large bowel function.
Dietary NSP escape digestion in the human stomach and small intestine25. Most
forms of dietary NSP are fermented by the anaerobic flora of the large intestine
to short chain fatty acids, carbon dioxide, hydrogen and methane, and
stimulate bacterial growth. Most, if not all, aspects of large bowel function are
affected by fermentation, for which dietary NSP is an important substrate26.

4.5.3 The laxative effect of NSP has been well documented in many studies?’.
These include trials of purified sources of NSP such as ispaghula and cellulose,
preparations containing concentrated NSP in brans, and diets rich in NSP-
containing foods. In experimental studies of healthy people there is a simple
linear relation between NSP intake and daily stool weight over a range of
intakes from 4-32 g/d, other factors being constant. On NSP-free diets stool
weights fall to 30-60 g/d and people may complain of constipation.
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4.5.4 There is considerable variation in the response of bowel habit to NSP
intakes, partly because not all sources of NSP increase stool weight to the same
extent. In general insoluble forms of NSP, such as those found in cereal foods,
are more effective than the more soluble types found in fruit and vegetables28.
The response to NSP is also moderated by factors affecting large bowel
function such as transit time, hormones and stress. Stool weight is inversely
related to transit time up to a daily stool output of about 150 g/d. Above this
there is little further decrease in transit time as stool weight increases2®. These
effects on bowel habit are probably not unique to NSP. It is not known to what
extent these other dietary components such as certain starches can compensate
for a total lack of NSP in the diet in terms of bowel habit.

4.5.5 The Panel considered the question of what constituted a healthy bowel
habit, and whether there were any potential risks to health of a low stool
output. There are no prospective data and only few temporal correlation studies
relating bowel habit to morbidity or mortality. Despite this it has been
suggested that the amount of stool passed, and in relation to it the frequency of
defaecation and transit time, have a bearing on health, especially bowel disease.
In the UK median stool weight is about 100 g/d. 95 per cent of the adult
population passes between 30 and 260 g/d, 46 per cent less than 100 g/d, and 18
per cent less than 50 g/d3°. On average women have lower stool weights than
men. Constipation is a common symptom which impairs the quality of life of
about 20 per cent of people aged over 65 years and around 10 per cent of the
adult population3!-33, It is commoner in women. Constipation is characterised
by infrequent bowel habit (less than three times a week), transit time of five
days or more and stool weight below 50 g/d (though in healthy volunteers
complaints of constipation become common when stool weights fall below
100 g/d). In epidemiological studies stool weights below 150 g/d are associated
with increased risks of bowel cancer29-30:34, and diverticular disease35. Con-
stipation and slow transit tend to coexist and are associated with increased levels
of deoxycholic acid in bile, a risk factor for gallstones36. Experimentally
deoxycholic acid levels can be reduced by shortening transit time.

4.6 Carbohydrate metabolism and insulin The effect of dietary NSP on
carbohydrate metabolism is difficult to study because in altering the amount of
NSP in the diet other components which may affect carbohydrate metabolism
are often changed as well. Overall single meal experiments with gel-forming
polysaccharides show lowering of blood glucose and insulin in both healthy and
diabetic subjects3’. However the amount of these polysaccharides that are
needed are far outside the range usually found in UK diets. Long-term studies
show less clearly beneficial effects of NSP, particularly in healthy people38:39.
Epidemiological observations and trials of high NSP diets in diabetic subjects
are confounded by many factors. Any role for decreased dietary NSP in the
aetiology of non-insulin dependent diabetes mellitus remains to be established.
Further studies on the mechanism of action of NSP on intermediary metabol-
ism in diabetes are required. In the light of the evidence the Panel concluded
that there was no sound basis for proposing reference values of NSP in the diet
to moderate glucose and insulin metabolism.
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4.7 Plasma lipids and cardiovascular disease

4.7.1 Although international studies show a high correlation between satu-
rated fatty acid intake and CHD mortality, these studies are confounded by the
inverse relationship between dietary fat and total carbohydrate, and the
interaction between total carbohydrate and NSP. It has been suggested that in
some populations low NSP intakes may contribute to the high rate of CHD.
Four cohort studies have reported an inverse relationship between ‘‘dietary
fibre’” intake and CHD mortality. In two this relationship did not hold when
‘““fibre’’ intake was expressed per 1,000 kcal40-43,

4.7.2 In short term experimental studies isolated forms of NSP such as guar
and pectin lower blood cholesterol*4.45, Oats and beans, which are good sources
of soluble NSP, also lower blood cholesterol, but this may be in part due to
other constituents and associated dietary changes46. Oats and beans lower LDL
cholesterol more than HDL cholesterol so that the HDL:LDL ratio is raised.
Dietary NSP do not appear to affect serum levels of triglyceride or very low
density lipoprotein. Wheat bran and most other insoluble forms of NSP so far
tested do not affect serum cholesterol levels47.

4.7.3 In cross sectional surveys there is a weak inverse association between
blood pressure and cereal ‘‘fibre’’ intake independent of energy intake. This
may be confounded by other aspects of health such as physical fitness and body
weight. Randomised trials of cereal NSP supplements have failed to show any
effect on blood pressure although none has been large enough to detect an
effect as modest as that seen in observational studies.

4.7.4 Conclusion NSP is not the major dietary determinant of blood lipid
patterns and may be acting as a marker of particular dietary habits. The Panel
concluded that present evidence suggested that the benefits are from diets
characterised by high NSP rather than only from NSP itself.

4.8 Adverse effects of NSP Even before ‘“dietary fibre’’ was first proposed
as a beneficial constituent of foods, potential adverse effects for wheat bran
had been postulated. In vitro studies show that plant cell wall material acts as a
cation exchanger and can bind divalent cations such as calcium, iron, copper
and zinc48. Binding may be related to uronic acid residues of NSP4°, or to
associated phytates°. In vivo studies in humans do not, on balance, show a
significant reduction in mineral bioavailability except where phytate (or
oxalate) is also high5!-52. Furthermore, populations which habitually consume
high NSP diets are not characterised by compromised mineral status. Interpret-
ation of these studies is hampered by the lack of conformity in definition, study
design and analytical techniquess3. Any direct adverse effects of high NSP diets
are therefore more likely to be seen in those members of the population whose
diet is marginal with respect to mineral content, in particular the elderly, and in
these cases care should be taken not to rely on phytate-rich sources. Indirect
effects—ie the displacement of other nutrients from the diet—may be seen
particularly in growing children. The Panel considered that neither the levels of
NSP intake current in the UK, nor those proposed below, produce adverse
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effects on mineral status in adults. NSP should be derived from a variety of
foods whose constituents contain it as a naturally integrated component, rather
than as isolated supplements or as products enriched with NSP.

4.9 Dietary Reference Values

4.9.1 Inthelight of the above observations the Panel felt that there was a basis
for DRVs for non-starch polysaccharide in the UK diet. Quantitatively the best
evidence relates to bowel habit. Other factors may influence bowel habit, both
dietary (such as resistant starches [see 8.4.3]) and non dietary, but NSP is
usually the most effective. Stool weights of less than 100 g/d are associated with
increased risk of bowel disease. These occur at NSP intakes below 12 g/d,
which therefore should be the lower end of the reference range. NSP intakes of
above 32 g/d have not been shown to increase stool weight further and are not
found in populations so far studied. An increase in average dietary NSP intake
from the current level of 13 to 18 g/day would be expected to increase average
stool weight by 25 per cent. If the distribution of intakes remains unaltered, this
would reduce the number of individuals with stool weights of 100 g/day or less.
The Panel proposed that adult diets should contain an average for the
population of 18 g/d (individual range 12-24 g/d) non-starch polysaccharide
from a variety of foods whose constituents contain it as a naturally integrated
component.

4.9.2 This recommendation is based on data from adults and is not applicable
to children. There are no data on physiological effects of NSP in children.
However it is likely that such effects are related to body size, and the Panel
recommended that children should have proportionately lower NSP intakes.
Children of less than two years should not take such foods at the expense of
more energy-rich foods which they require for adequate growth.

4.9.3 The Panel made no specific recommendations for sub-groups of the
adult population defined either by age or by sex. However people who have a
tendency to constipation are particularly encouraged to increase their NSP
intake especially from whole grain cereal sources.

4.9.4 Guidance on high intakes In view of the lack of evidence for benefit of
intakes of NSP in excess of 32 g daily, the Panel saw no advantage in exceeding
this level. Furthermore such intakes are not seen in self-selected diets and
potentially undesirable effects cannot be excluded. Caution in the use of
sources of NSP containing phytate (particularly unprocessed wheat bran) is
advised, especially in elderly people.
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5. Sugars

5.1 Imtroduction Sugars are soluble carbohydrates of fundamental impor-
tance in providing energy for the maintenance of life. Glucose, the most
abundant sugar in nature, is a single sugar unit or monosaccharide, as are
fructose and galactose. Sucrose, lactose, and maltose are disaccharides.
Sucrose, the sugar most widely used as a food in the United Kingdom!, is
composed of glucose and fructose. Disaccharides are broken down in the
intestine and absorbed as monosaccharides. The role of dietary sugars in
human disease has recently been reviewed by COMAL. In their Report, sugars
were classified on the basis of their availability for metabolism into intrinsic and
extrinsic sugars (see 5.5). Intrinsic sugars are those naturally incorporated into
the cellular structure of foods. Extrinsic sugars are those not so incorporated,
whether natural and unprocessed, such as honey, or refined, such as table
sugar. Extrinsic sugars in milk and milk products were deemed to be a special
case, resulting in a sub-group of non-milk extrinsic sugars. The Panel endorsed
the conclusions in that Report concluded that non-milk extrinsic sugars were a
major cause of dental caries in the UK, and that their consumption by the
population should be decreased.

5.2 Metabolism of glucose Glucose is distributed to the tissues as a fuel for
many chemical processes. If there is insufficient dietary carbohydrate to meet
this requirement, the liver releases glucose from stored glycogen or converts
certain amino acids, lactate and glycerol into glucose. The brain and nervous
system and red blood cells have an obligatory requirement for glucose as an
energy source. If the diet is very low in carbohydrate, ketoacids formed in the
liver from fatty acids may accumulate. Some dietary carbohydrate is therefore
necessary to avoid ketoacidosis, but there is no specific dietary requirement for
sugars.

5.3 Current sugars consumption Data on supplies of sugars in the UK come
from the national food supply statistics of the Ministry of Agriculture, Fisheries
and Food (MAFF). In 1987 sucrose, at 104 g/person/d, provided 14 per cent of
food energy, honey and glucose at 16 g/person/d provided 2 per cent, and
lactose, at 23 g/person/d, a further 3 per cent2. The National Food Survey
provides data on domestic food purchases. Sucrose purchased as packet sugar
was on average 26 g/person/d in 1989. Total sugars, at 95 g/person/d,
contributed 18 per cent of food energy3. Surveys of individual food intakes give
data on the variation of sugars intakes in individuals. Breast- or bottle-fed
infants obtain 40 per cent of their energy from sugars (usually lactose). Pre-
school children take 25-30 per cent of food energy as sugars. Older children and
adults tend to take less sugars (17-25 per cent)!. In the recent representative
dietary and nutritional survey of British adults, total sugars provided 18 per
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cent of energy4. Non-milk extrinsic sugars usually provide at least half of the
intake of total sugars (45-73 per cent).

5.4 Effects of sugars In addition to chemical differences between sugars,
physiological effects depend on the physical presentation of the sugars—
whether free in solution, or an integral part of the cellular structure of a food
(eg apple juice versus apples). When sugars are consumed as part of the cellular
structure of foods, there has been no suggestion of any adverse effects.
However, there have been suggestions that ‘‘refined”’, ‘‘fibre depleted’’ or
‘‘added’’ sugars may have adverse effects either indirectly, by reducing the
‘“fibre”’ in the diet, or by their ability to be taken in quantities greater than in
their “‘natural’’ form. These issues have recently been discussed by the COMA
Panel on Dietary Sugars!, whose report we endorse.

5.5 Conclusions The Panel agreed with the following conclusions of the
COMA Panel on Dietary Sugars!.

i. There is no evidence that sugars naturally incorporated in the cellular
structure of foods (intrinsic sugars) or lactose in milk or milk products (milk
sugars) have adverse effects on health.

ii. Apart from lactose in milk and milk products, extrinsic sugars in the UK,
(principally sucrose), contribute to the development of dental caries. In
societies where average total sugar supplies are less than 20 kg/person/year
(approximately 60 g/person/d or 10 per cent of dietary energy) dental caries is
rare. Those particularly at risk of dental caries are children, adolescents and the
elderly. There is evidence from laboratory studies for the potential cariogenicity
of fermentable carbohydrates other than sugars, but the epidemiological
evidence implicates non-milk extrinsic sugars as the major dietary component
contributing to dental caries. Factors other than dietary carbohydrate, in
particular fluoridation, are also important in determining the incidence of
dental caries (see Chapter 36).

iii. Non-milk extrinsic sugars may favour the consumption of food energy, and
in predisposed individuals may have undesirable metabolic effects, but are not
directly related to the development of cardiovascular disease, essential hyper-
tension, diabetes mellitus or behavioural abnormalities.

iv. For the obese, consumption of non-milk extrinsic sugars should be
restricted as part of a general reduction of dietary energy. For non-obese adults,
consumption of non-milk extrinsic sugars up to about 30 per cent of food
energy does not carry special metabolic risks.

v. Extreme intakes of sucrose, above about 200 g/day or about 30 per cent of
food energy, may be associated in normal adults with elevations of cholesterol,
blood glucose and insulin concentrations, all of which may be undesirable.

5.6 Dietary Reference Values

5.6.1 The Panel did not recommend that intake of intrinsic or milk sugars be
limited. They can usefully contribute, with starch, to energy requirements not
met by other restricted dietary components (see 6.6).
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5.6.2 Infants who are breastfed receive about 40 per cent of energy from
sugars (lactose) and the Panel recommended that infant formulas should
contain similar amounts. As well as sugars, international guidelines allow the
inclusion of maltodextrins and pre-cooked or gelatinised starch.

5.6.3 ThePanel agreed that non-milk extrinsic sugars intake should be limited
because of their role in dental caries. However, the Panel recognized that the
data in support of any specific quantified targets for non-milk extrinsic sugars
intake were scanty. In order to provide guidance for uses as specified in
paragraph 1.4, the Panel agreed that sufficient evidence existed to make
proposals for DRVs. The Panel accepted that the dental effects of non-milk
extrinsic sugars were most likely to be related to the frequency, and so in
practice absolute mass, of sugars consumption rather than the overall dietary
composition, but considered that the value of DRVs would be greater if
expressed not only as mass, but also as their contribution to dietary energy. This
also allows DRVs for starches plus intrinsic sugars to be calculated. The Panel
therefore proposed that the population’s average intake of non-milk extrinsic
sugars should not exceed about 60 g/d or 10 per cent of total dietary energy.

5.6.4 Guidance on high intakes When non-milk extrinsic sugars are con-
sumed in excess of about 200 g/day or 30 per cent of dietary energy,
undesirable elevations in plasma concentrations of glucose, insulin and lipids
may occur!. Such intakes should be avoided, and those who have intakes of this
order should replace the excess with starch or intrinsic sugars. For some people
with low energy requirements and intakes, relatively high non-milk extrinsic
sugars intake may compete with foods which provide other nutrients, and
potentially compromise micronutrient intakes. Such individuals, particularly
women or the elderly, should exercise special care in making dietary choices.
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6. Starches

6.1 Definition Starches are alpha-glucan polysaccharides. They comprise
two major types of polymer: amylose, which is linear with a molecular size
ranging between 110 and 60 K daltons and is virtually completely alpha 1-4
linked, and amylopectin, which contains alpha 1-6 and alpha 1-4 linkages and
is branched.

6.2 Starches in the diet Starches are present in the diet in a number of
physical states which confer physiological properties whose nutritional signifi-
cance is still a matter for current research. In uncooked foods starches are
present in granules with a highly ordered crystalline structure characteristic of
the plant source. Heat in the presence of water causes the granules to swell and
rupture so that the linear amylose molecules leach out and form a sol which
retrogrades on cooling. The crystalline aggregated and retrograded structures
formed partially resist enzymatic hydrolysis (‘‘resistant starch’’). A range of
chemically modified starches are used as food ingredients or additives but their
nutritional significance is small.

6.3 Intake and sources There are few data on intakes of different starches by
UK populations because dietary surveys have almost always reported total
carbohydrate consumption with no distinction between sugars and starches.
The information available suggests that the amounts consumed in Britain
provide about half the total carbohydrate (Table 6.1). In the recent Dietary and
Nutritional Survey of British Adults, starches provided 24 per cent of energy!.
No direct information is available concerning the intake of starches in children.

6.4 Physiology When foods containing the same amount of starch from
different sources are fed to healthy subjects, the subsequent rises in blood
glucose and insulin vary depending on the type of starch and its processing. By
means of measurements of peripheral plasma glucose concentrations following
standardised test meals, Jenkins and others have developed the concept of a
‘“‘glycaemic index’’ for foods2. Although the glycaemic index of a food is
reproducible in groups of people, large variations are seen among individuals
and it is difficult to apply the index to meals containing fat and protein, or when
one meal closely follows another. Furthermore, whilst hyperinsulinaemia and
insulin resistance are found in certain conditions (obesity, non-insulin depen-
dent diabetes mellitus), evidence that they are primary pathogenetic rather than
associated factors in diseases (eg hypertension, atherosclerosis) is conflicting.
Moreover the changes seen are within normal physiological variance. The Panel
considered that the ability to deal with short-term fluctuations of carbohydrate
intake was a feature of normal function. The absence of this ability was a
feature of disease, such as diabetes. For these reasons the Panel was unable to
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Table 6.1 Total starch consumption (g/d)

Sample reference, age (n) Average sd Energy Starch
(range) MJ Consumption
as % total

energy (range)

Cambridge3

Men, 20-80 y 118 39 10.0 19
(32) (34-186)

Women, 20-80 y 100 38 8.2 20
@31) (41-175)

Both sexes, 20-80 y 111 38 9.1 20
(63) (34-186) (7-26)

Men, 18-55y 137 42 11.8 19
(105)

Women, 18-55y 96 32 8.2 19

(112)
South Wales*

Men, 45-50 y 162 50 10.0 26
(512)

Northumberland’

Boys, 11-14y 162* — 9.4 28
(184)

Girls, 11-14y 142* — 8.5 27

Both sexes 154* — 8.9 28
(405)

*Calculated by difference between total carbohydrate and sugars.

ascribe at this stage any definite practical health effect to the physiological
differences in glucose absorption in response to starches from different foods.

6.5 Nutritional role Starches are a major component of most diets through-
out the world and may provide up to 80 per cent of total energy. Some very high
starch diets may be associated with shortages of some vitamins and minerals in
circumstances where other sources of food energy are scarce. However this is
not a direct, negative effect of starch, but a result of the consumption of diets
low in foods providing essential protein and vitamins. The Panel was unable to
find any evidence of harm resulting from high starch intakes in normal
individuals, so long as energy balance and essential nutrient intake were
maintained. Starchy foods contain many other nutrients although the variety
and amount vary from food to food. Carbohydrate is a necessary part of the
diet, to avoid ketoacidosis (see para 5.2) and because there are substantial
reasons why other sources of food energy, (fat, protein and alcohol) should not
provide more than a certain proportion of total food energy (see Section 1).
Although certain populations (eg Eskimo, Masai) survive on very low intakes of
carbohydrate, the Panel agreed that carbohydrate should provide the major
food energy requirement for UK populations. The Panel considered that
starches together with intrinsic and milk sugars should provide the main source
of carbohydrate food energy (Table 1.2). The Panel did not find sufficient
evidence to propose what proportion of this should be derived from starches.
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6.6 Dietary Reference Values The Panel therefore proposed that starches
and intrinsic and milk sugars should provide the balance of dietary energy not
provided by alcohol, protein, fat and non-milk extrinsic sugars, that is on
average 37 per cent of total dietary energy for the population (Table 1.2). These
values are based on data from adults. The Panel nevertheless recommended
that the same principles be applied to children over 2 years old. The Panel
endorsed the recommendation of the COMA Panel on Child Nutrition that
breastfeeding provides the best infant nutritionS. Breastmilk does not contain
starch.
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7. Protein

7.1 Introduction The Panel agreed that, with a few exceptions, protein
requirements of all age groups would be based on the recommendations in the
Report of the FAO/WHO/UNU expert consultation, in which the values were
derived on the basis of estimates of the amounts of high-quality egg or milk
protein required for nitrogen (N) equilibrium, as measured in nitrogen balance
studies (Table 7.1). For infants and children, additions were made for growth,
and in pregnancy and lactation additions were made to account for the growth
of the fetus and to allow adequate breast milk production. The criteria used are
the rate of weight gain or growth, the achievement of a suitably positive
nitrogen balance, and the maintenance of a state of well-being!.

7.2 Maintenance requirement Although the relatively few studies which
were available to provide the maintenance values for the FAO/WHO/UNU
Report! have been criticised, the Panel took the view that these remain the best
estimates since there have subsequently been few new data. In children, both the
short-term N-balance studies at several levels of protein intake and the few
long-term studies at one level of protein intake, generally above the mainten-
ance level, provided general confirmation of the adequacy of the safe level. In
adults, there were both short-term N-balance studies over a range of intakes,
and a small number of long-term N-balance studies at a single intake, all in
young adults. This evidence suggested that there was relatively little change with
age in the requirements for protein for maintenance, values falling from 120 mg
N/kg/d at 1 year to 96 mg N/kg/d in adults. Values for intermediate age
groups were determined by interpolation, and it was assumed that maintenance
requirements in adults do not change with age!.

7.3 Growth requirements Growth requirements in infants and children were
calculated from estimated rates of nitrogen accretion calculated from rates of
weight gain and from estimates of the N content of tissues!. A 50 per cent
increment was added to account for day-to-day variability in growth, as it was
assumed that growth rates in individuals are not constant but may vary from
day to day; and the efficiency of dietary utilisation was assumed to be 70 per
cent.

7.4 Pregnancy Requirements for pregnancy were calculated to allow for
protein retention in the products of conception and in the maternal tissues
associated with the birth of a 3.3 kg infant. A single value for the daily
additional protein requirement throughout pregnancy was proposed. The
maintainance needs of new maternal tissue were assumed to be accommodated
within the calculated maternal needs.
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Table 7.1 Dietary Reference Values for Protein @

Age Weight Estimated Reference Nutrient
Average Intake
Requirement

Kg g/de g/de
0-3 months 5.9 —d 12.5d
4-6 months 757 10.6 12.7
7-9 months 8.8 11.0 1337
10-12 months 9.7 11.2 14.9
1-3 years 12.5 11157 14.5
4-6 years 17.8 14.8 19.7
7-10 years 28.3 22.8 28.3
Males:
11-14 years 43.0 33.8 42.1
15-18 years 64.5 46.1 5552
19-50 years 74.0 44.4 5545
50+ years 71.0 42.6 53%3
Females:
11-14 years 43.8 33.1 41.2
15-18 years 53:8 3731 45.4
19-50 years 60.0 36.0 45.0
50+ years 62.0 37.2 46.5
Pregnancy® +6
Lactation®:
0-6 months +11
6+ months +8

a Values from WHO!

b To be added to adult requirement through all stages of pregnancy and lactation.

¢ Milk or egg protein. These figures assume complete digestibility. For diets based on high
intakes of vegetable proteins, a correction may need to be applied (see 7.7).

d No figures were given by WHO for infants aged 0-3 months!, therefore no EAR has been
derived. The RNI is calculated from the recommendations of COMA2.

7.5 Lactation Requirements for lactation are based on estimates of the
protein content of breast milk of healthy mothers (calculated as milk nitro-
gen X 6.25). The estimates reflect the fact that daily breast milk protein content
is constant for the first 6 months and falls thereafter. FAO/WHO/UNU
recommended an additional protein requirement for lactation which included a
component to take into account the 70 per cent efficiency of dietary utilisation?.
The Panel has not included such an addition since human breast milk contains
considerable non-protein nitrogen (up to 25 per cent, of which the largest single
component is urea3). The Panel decided that no extra dietary provision was
necessary for the non-protein component since it should derive from the
inefficiency of utilisation of the maternal maintenance protein requirement.
The diet should only need to provide for milk protein per se (about 75 per cent
of that estimated from total nitrogen), and hence this value, when corrected for
an efficiency of dietary utilisation of 70 per cent, is close to the value of milk
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protein calculated from N X 6.25 and forms the basis of the Panel’s additional
requirement for lactation.

7.6 Elderly In the case of the elderly, the RNI is the same as for younger
adults (0.75g protein/kg/d). However, because of the small amount of lean
body mass per kg body weight in the elderly, this will result in a higher figure per
unit lean body mass than in younger adults!»415,

7.7 Indispensible amino acid requirements and protein quality The DRVs
assume that the dietary protein pattern includes sufficient variety of different
protein-containing foods, or sufficient high quality animal protein sources to
provide for indispensible amino acid (IAA) requirements. Studies of the amino
acid pattern of the British diet indicate that the average household consumes a
diet which supplies adequate amounts of IAAS. The Panel took the view that it
is unlikely that there were any groups in the UK who are consuming food which
supplies sufficient protein and energy to satisfy overall requirements who
would be deficient in IAA. For diets which contain considerable amounts of
unrefined cereal grains and vegetables, a correction for digestibility of 85 per
cent should be applied. For those based on refined cereals the correction should
be 95 per cent!.

7.8 Areas of uncertainty

7.8.1 In the case of childhood, adolescence, pregnancy and lactation the
database used by FAO/WHO/UNU was limited in extent!. Considerable
concern has been expressed about the methodologies involved in assessment of
requirements, especially the adequacy of the nitrogen balance technique used in
the determination of the values!?. The derivation of the maintenance value for
young children differed from that for adults in that for children the highest
value from the reported range was chosen while the mean value was selected for
adults. As a result it is possible to derive a lower value for children by
calculating a value from the reported range closer to the mean value as has been
suggested by some authors8. Furthermore it has been pointed out that at least
one major short-term N-balance study was not included in the adult values
listed by FAO/WHO/UNU!, an omission which resulted in the calculation of a
higher mean value than would otherwise have been derived?:1°.

7.8.2 However, maintenance needs for protein based on achievement of N
equilibrium in nitrogen balance studies are considerably more (about 70 per
cent) than minimum rates of nitrogen loss in individuals fed protein-free diets!.
This is also the case for estimations of requirements for individual IAA in
infants and children, and for total nitrogen and protein for all ages. The reason
for this excess of apparent requirements over minimum needs is poorly
understood and the extent to which adaptation to low intakes can occur is not
resolved!-11-13, although new metabolic models which attempt to account for
dietary IAA needs are emerging!4-17. In particular, adult values of FAO/
WHO/UNU!, which are based mainly on the studies by Rose, have been
criticised as being too low on the grounds that excessive energy was used in the
original N-balance studies, that inappropriate correction factors were used to
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assess miscellaneous losses and that in any case the N-balance technique is
inadequate!>. On the basis of theoretical arguments with some experimental
support Young ef a/ have proposed an alternative scoring pattern to be used for
all ages, excluding infants, ie from pre-school to adulthood?s.

7.8.3 Millward and Rivers have described a metabolic model to account for
human protein and IAA requirements, arguing that such requirements vary
according to the food consumed and can only be defined unambiguously in
terms of minimum values!8. Furthermore, it has been suggested that these
minimum values may be considerably less than the amounts needed for nitrogen
equilibrium on normal diets since oxidative losses of IAA rise with increasing
protein intake. These authors suggest that the age-dependent fall in the IAA
requirement values! is largely an artefact of the different dietary designs used in
the various original studies, and conclude that the FAO/WHO/UNU adult
values for IAA requirements are likely to be closer to minimum values, ie lower
values than those needed on normal diets. However they have argued that this is
insufficient information from which to derive alternative values of practical
use. In particular there is a lack of agreed criteria to replace nitrogen balance
studies!8.

7.8.4 The Report of an FAO/WHO Expert Consultation on the assessment of
protein quality adopted the method of protein scoring corrected for digestibility
as the best method, and re-examined the values for IAA requirements in order
to construct appropriate scoring patterns. After considering these arguments it
decided that, strictly as an interim measure, it would adopt requirement values
determined for pre-school children as a scoring pattern to be used for all ages
with the exception of infants. However it issued the caveat that caution must be
used in applying this scoring pattern to assess protein quality for the diets of
older childen and adults, since the pattern might overestimate their needs and
underestimate protein quality!?. The Panel therefore took the view that the
FAO/WHO/UNU values for protein quality for infants and children are the
best estimates currently available!, but that while the values for protein quality
for adults may be too low, there is insufficient new reliable data to enable an
alternative pattern to be derived. For adults consuming most mixed diets found
in the UK, including vegetarians, there is little reason to be concerned about the
amino acid composition. Nevertheless the Panel endorsed the view of the
Report of the FAO/WHO Expert Consultation that further research should be
conducted into amino acid requirements of children and adults!?.

7.9 Protein requirements of infants and young children

7.9.1 It is possible that the apparent excess of the protein requirement
compared with minimum needs, as referred to above, might be important
because of the regulatory influence of dietary amino acids on growth, develop-
ment and body function!9-18. This could be particularly important in the case of
infants and young children, since it has been suggested that the requirement
estimates for infants should be lowered®. This suggestion was based on the
observation that in infants a factorial calculation of the safe protein intake is
considerably higher than the average intake of breast-fed infants. If the NCHS
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standards are taken as representing desirable rates of growth, then infants of
healthy, well-nourished mothers, consuming habitual amounts of breast milk,
satisfy this target during the early months of life. This indicates that the average
breast-milk protein intake is, in effect, a safe level.

7.9.2 However, the intake of protein and nitrogen from breast milk is lower,
relative to the energy intake, than at later stages of life. Infancy is the period of
most rapid growth, so the nitrogen in breast milk is utilised with unusual
efficiency, indicating the poorly understood special properties and qualities of
breast milk!°. Whatever the explanation of this unique interaction of nutrients
in breast milk, because of this enhanced efficiency of utilisation, it is unwise to
use breast-milk protein intakes as the reference against which intakes from
other infants foods can be compared®. The Panel also made this point in
reference to the energy requirements of young children in comparison with the
energy intakes from breast milk (see section 2.1).

7.10 Guidance on high intakes

7.10.1 Itisimportant that the RNIs for protein are not overestimates, because
among adults in the UK, protein intakes are on average higher than the 1979
RDAs—84g for men and 64g for women20—and there has been concern that
excessive intakes of protein may be associated with health risks. There is some
evidence that excessive dietary protein may contribute to demineralisation of
bone?!, although the relationship is not a simple one22 and increases in dietary
phosphorus, which usually accompany increased dietary protein, may minimise
any such effect’. Populations consuming vegetarian diets containing, on
average, lower protein intakes than other groups, may exhibit lower blood
pressure and there is firm evidence that excessive dietary protein contributes to
deterioration of renal function in patients with renal disease, possibly by
increasing intraglomerular pressure and glomerular filtration rate23-25, Dietary
protein also increases glomerular filtration rate and this may be related to the
age-related decline in renal function23. There is some evidence that animal
protein exerts a greater such effect than vegetable protein26.

7.10.2 Whilst there is at present relatively little firm evidence in this area and
insufficient information to enable a safe upper limit to be defined, the Panel
concluded that it was prudent for adults to avoid protein intakes of more than
twice the RNI (ie 1.5g protein/kg/d).

7.10.3 For the population in general, this upper limit does not imply any
change in dietary habits. However, for some groups involved in very intense
physical activity at the workplace or during recreational activities, protein
intakes can be in excess of this. This could be due to high food intakes to meet
energy demands, or due to specific protein supplements consumed during
athletic training. There is currently insufficient evidence for any benefit from
high protein intakes in these groups. However, when considering the safety of
such intakes it should be assumed that the potentially adverse influences
discussed above will also apply. Care should also be taken in the consumption
of specific amino acid supplements since it is desirable that dietary amino acids
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should be provided in a balanced mixture. Little is known about the possible
toxic effects of supplements of individual amino acids or mixtures of them
which are commercially available. In particular consumption of supplements
containing tryptophan has recently been linked to the development of an
eosinophilia-myalgia syndrome of unknown aetiology, though this seems likely
to be related to a contaminant rather than to the tryptophan itself27.
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8. Vitamin A

8.1 Functions and essentiality Vitamin A is required for growth and for
normal development and differentiation of tissues; prolonged deprivation
results in death. Human vitamin A deficiency is common in some developing
countries, particularly among young children. The most obvious deficiency
signs are dryness of the conjunctiva and the cornea (xerophthalmia), which can
lead to permanent eye damage. In the retina, the aldehyde form of vitamin A
serves as the light-gathering part of the visual pigments. An early sign of
deficiency is impaired adaptation to low-intensity light (night blindness)!.

8.2 Forms of vitamin A Vitamin A can be obtained in two forms: as
preformed vitamin A (retinol) and from some of the carotenoid pigments that
can be cleaved in the body to give retinol. Preformed vitamin A (usually in the
form of retinyl esters) occurs naturally only in animals, and the richest sources
are liver, fish liver oils and dairy products. Between a quarter and a third of the
dietary vitamin A in the United Kingdom is derived from carotenoids, mainly
from plant foods and overwhelmingly as B-carotene; other carotenoids are
probably of little quantitative importance in this country as dietary precursors
of vitamin A. The Panel saw no reason to depart from the widely accepted
convention that, taken over the range of foodstuffs in a normal mixed diet, 6 ug
B-carotene can be regarded as nutritionally equivalent to 1 ug retinol, and that
the vitamin A activity of the diet, whether preformed or from carotene, can be
summed in retinol equivalents2.

8.3 Assessment of vitamin A status Vitamin A absorbed in excess of
immediate needs is stored in the liver in esterified form. The size of the liver
reserves is therefore one objective measure of vitamin A status, but it cannot
readily be determined in living subjects. Plasma retinol concentrations are
insensitive indicators of vitamin A status, for a homeostatic mechanism
maintains them reasonably constant over a large range of liver reserves. They
fall unequivocally below 0.7 umol/L (20 ug/100 ml) only in the later stages of
deficiency, when other signs also appear.

8.4 Procedures for establishing requirements

8.4.1 Most assessments of the vitamin A requirements of adults have been
based on repletion studies in vitamin A-depleted volunteers3-4. However,
orthodox repletion studies tend to overestimate requirements slightly, because
deficiency signs often take some time to improves, and there is understandable
reluctance to keep volunteers on low intakes for long periods.

8.4.2 An alternative approach, based on body pool size, was adopted in the
recent FAO/WHO recommendations® and this has also been chosen by the
Panel. Adequate vitamin A status can be defined in terms of an adequate body
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pool, based on the amount of vitamin A in the liver, which contains the great
majority of the vitamin A in the body. A liver concentration of 20 g retinol (or
the equivalent in esterified form) per gram wet weight was used as the basis of
the FAO/WHO recommendationss. This meets the following criteria:

(i) no clinical or biochemical signs of deficiency have been noted in
subjects with this liver concentration;

(ii) this concentration can maintain adequate plasma retinol
concentrations;

(i) this concentration should maintain an adult on a diet containing no
vitamin A free from deficiency signs for a period of several months.

8.5 Requirements

8.5.1 Adults Studies with radioactive vitamin A in eight men gave a mean
fractional catabolic rate, ie the percentage of total body stores lost per day, of
0.5 per cent#:5. From this the mean daily dietary intake needed to maintain a
liver retinol concentration of 20 pg/g can be calculated, making the following
assumptions>:

(i) theliver weight: body weight ratio is 0.03: 1 (the mean value in adults is
0.024);

(ii) the liver reserves represent 90 per cent of the total body vitamin A;

(iii) the efficiency of storage in the liver of an ingested dose of vitamin A is
50 per cent (reported values 40-90 per cent).

The mean dietary intake per kilogram body weight would then be 0.005
(fractional catabolic rate) x 20 ug retinol (concentration per g liver) x 1,000
(conversion to kilograms) x 0.03 (liver as proportion of body weight) x 1.11
(total body vitamin A: liver vitamin A) x 2 (50 per cent storage) = 6.7 ug
retinol/kg body weight. This gives EARs of 496 ug/d for a 74 kg male and of
402 pg/d for a 60 kg female. As the coefficient of variation for the rate of
depletion in the experimental subjects was 21 per cent, the LRNIs are 300 pg/d
for men and 250 pg/d for women, and the RNIs are 700 pg/d for men and
600ug/d for women (Table 8.1). Although these calculations rest on assump-
tions that are somewhat arbitrary3, the derived requirements are consistent with
the effects on deficiency signs observed in depletion-repletion studies3-4.7. Most
importantly, they provide some indication of what the range of individual
requirements might be.

8.5.2 Infants RDAs for infants have usually been based on the vitamin A
provided by breast milk. Breast fed infants do not show signs of vitamin A
deficiency even on intakes little above 100 pg/d8°, although these would
probably not be enough to maintain satisfactory reserves. The recent FAO/
WHO Expert Group considered that a daily intake of 350 ug retinol equivalents
would meet the needs of all healthy infants and allow the building and
maintaining of sufficient liver stores®, and the Panel has accepted this value as
the RNI. If the coefficient of variation is assumed to be 20 per cent as in adults,
the rounded value for the EAR becomes 250 pg/d and for the LRNI 150 ug/d
(Table 8.1).
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8.5.3 Children Children have a requirement for vitamin A for growth, in
addition to the requirement (as in adults) to compensate for the loss of body
stores. In the absence of data on which to set DRVs, the Panel have interpolated
from the values for infants up to the adult values (Table 8.1). Intakes lower than
those suggested here maintained satisfactory plasma retinol concentrations in
preschool children in Indial®,

8.5.4 Pregnancy In pregnancy extra vitamin A is required for the growth
and maintenance of the fetus, for providing it with some reserves, and for
maternal tissue growth. Much of the requirement for newborn infants seems to
be for growth. The fetus, although smaller in size than the term infant, grows
rapidly during the third trimester and presumably has needs rising towards
those of the newborn. An increment of 100 pg/d throughout pregnancy (raising
the maternal RNI to 700 ug/d) should enhance maternal storage and allow
adequate vitamin A for the growing fetus in late pregnancy. Most pregnant
women in the UK have a vitamin A intake in excess of this, and only a small
number ‘are likely to need supplementary vitamin A during pregnancy (see also
8.7).

8.5.5 Lactation The diet should contain an increment of 350 ug to cover
that supplied in the milk (Table 8.1).

8.6 Intakes Surveys show that the mean intakes of groups of the UK
population are in excess of the RNIs. The average daily intake by 35-49-year-
old men, for example, is 1,834 ug retinol equivalent with a median of 1,118 ug,
and for women of the same age it is 1,606 ug with a median of 926 pg. Mean
serum retinol concentrations were 2.3 umol and 1.8 umol/L respectively!!.
Post mortem analyses of liver retinol show that almost all the population in
Great Britain has substantial reserves!2.

8.7 Guidance on high intakes

8.7.1 Large amounts of retinol can cause liver and bone damage, hair loss,
double vision, vomiting, headaches and other abnormalities. Single doses of
300 mg in adults or 100 mg in children are harmful, but toxicity usually arises
from chronic ingestion of retinol or retinyl esters, not necessarily in very large
amounts but sufficient over a period of time to build up stocks that exceed the
liver’s ability to destroy or store them. Regular intakes should not exceed
7,500 pg/d in adult women and 9,000 pg/d in adult men. Children are more
sensitive, and the Panel agreed with the recommendations of others that regular
daily intakes should not exceed 900 ug in infants; 1,800 ug between 1 and 3
years of age; 3,000 ug from 4 to 6 years old; 4,500 ug from 6 to 12 years old; or
6,000 pg for adolescents!3. Therapeutic doses may exceed these limits, but only
under medical supervision.

8.7.2 Retinol is teratogenic. A relationship has been suggested between the
incidence of birth defects in infants and high vitamin A intakes (more than
3300 pg/day) during pregnancy. As a precautionary measure women in the UK
who are, or might become, pregnant have therefore been advised not to take
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Table 8.1 Dietary Reference Values for Vitamin A* (ug retinol equivalent/d)

Age Lower Reference Estimated Average  Reference Nutrient
Nutrient Intake Requirement Intake
0-3 months 150 250 350
4-6 months 150 250 350
7-9 months 150 250 350
10-12 months 150 250 350
1-3 years 200 300 400
4-6 years 200 300 400
7-10 years 250 350 500
Males
11-14 years 250 400 600
15-18 years 300 500 700
19-50 years 300 500 700
50+ years 300 500 700
Females
11-14 years 250 400 600
15-18 years 250 400 600
19-50 years 250 400 600
50+ years 250 400 600
Pregnancy + 100
Lactation:
0-4 months +350
4+ months +350

* The LRNIs and EARs for children have been estimated from the RNIs on the assumption that the
coefficient of variation of requirements is 20 per cent as for adults.

supplements containing vitamin A unless advised to do so by a doctor or
antenatal clinicl4. Furthermore, recent analyses of animal livers commonly
consumed in the UK have shown them to contain on average 13,000 ug to
40,000 ug/100g depending on species, so women who are, or might become,
pregnant are also advised as a matter of prudence not to eat liver or products
made from it!4. B-carotene, however, is not toxic although high intakes lead to
a yellow appearance.

8.8 Carotenoids

8.8.1 Of the more than one hundred carotenoid pigments that have been
identified in plants, only a few have structures that enable them to serve as
precursors of vitamin A. It has been suggested, however, that they act as
antioxidants in tissues, deactivating free radicals and excited oxygen!5, and
specifically that a high dietary intake of carotenoids confers some protection
against cancer!6. There is an inverse relationship between the incidence of some
cancers and the consumption of fruit and vegetables (many of which contain
carotenoids), but there is no proof that carotenoids are the protective factor.

8.8.2 Prospective trials of the possible health effects of 3-carotene other than®
as a precursor of vitamin A are in progress. The Panel considered the evidence
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insufficient to make any specific recommendations about the consumption of
carotenoids beyond that needed to supply vitamin A.

8.9 Research needs There is scope for determining the needs of children as
well as of adults using vitamin A labelled with deuterium. The possible
relationship between the numerous carotenoids and other constituents of fruit
and vegetables with the incidence of cancers needs further clarification.
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9. Thiamin

9.1 Functions and essentiality Thiamin is required mainly during the metab-
olism of carbohydrate, fat and alcohol. Diets high in carbohydrate require
more thiamin than diets high in fat!.2, so symptoms of the deficiency disease
beri-beri usually arise where there is dietary thiamin deficiency and where much
of the dietary energy is derived from carbohydrate3. The Wernicke-Korsakov
syndrome is characteristic of thiamin deficiency associated with alcoholism#-5.

9.2 Requirements Estimations of thiamin requirements have been based on
a variety of biochemical methods. However, the finding that urinary thiamin
output falls below 15 ug/d in patients with beri-beri¢ provides the reference
point against which other methods such as thiamin loading’, glucose loading?®
and transketolase (TKL) activation®-10 are all compared.

9.2.1 Adult men From early studies, Williams et al suggested that thiamin
intakes of the order of 0.4 mg/d were close to the absolute minimum at low
energy intakes’, and epidemiological evidence indicated that beri-beri occurs
when the intake of thiamin is 0.2 mg/1,000 kcal or lessé. However, in other
studies to establish the minimum requirement for thiamin, 0.4 mg/d (equiva-
lent to 0.188 mg/1,000 kcal) was fed to sedentary elderly men for 2 years, and
no incontrovertible alteration in clinical state was observed?.

9.2.2 At higher energy intakes, the studies of Sauberlich ef a/ confirmed the
close relationship between thiamin requirements and energy intakes'©. With
liquid formula diets containing 2,800 kcal and 3,600 kcal fed to 3 and 4 young
men respectively, thiamin was first depleted and then repleted in a stepwise
fashion for periods of 11 to 14 d. At a thiamin intake of 0.16 mg/1,000 kcal,
both urinary and TKL measurements were abnormal; increasing the intake to
0.20 mg/1,000 kcal and 0.23 mg/1,000 kcal moved first the urinary excretion
and then the TKL activation values out of the deficient range. At thiamin
intakes of 0.30 mg/1,000 kcal, both measurements were within the normal
range. The assessment of thiamin status in these studies was made over a very
short time span in comparison with earlier work7-8, and this would probably
lead to an overestimate of requirements since tissue thiamin may not have
completely adapted to the successively changed intakes. These results were
obtained with carbohydrate: fat ratios similar to those in most Western
populations, and are thus particularly relevant to the British situation.

9.2.3 From these and other studies, the Panel accepted that thiamin require-
ments were related to energy metabolism and thus, in most people, to energy
intake, and that the estimated average requirement to achieve both clinical and
biochemical normality is 0.3 mg/1,000 kcal. With due allowance for variance,
the RNI becomes 0.4 mg/1,000 kcal (Table 9.1). The Panel also agreed that the
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Table 9.1 Dietary Reference Values for Thiamin* (mg/1,000 kcal)

Age Lower Reference Estimated Average  Reference Nutrient
_ Nutrient Intake Requirement Intake
0-3 months 0.2 0.23 0.3
4-6 months 0.2 0.23 0.3
7-9 months 0.2 0.23 0.3
10-12 months 0.2 0.23 0.3
1-3 years 0.23 0.3 0.4
4-6 years 0.23 0.3 0.4
7-10 years 0.23 0.3 0.4
Males
11-14 years 0.23 0.3 0.4
15-18 years 0.23 0.3 0.4
19-50 years 0.23 0.3 0.4
50 + years 0.23 0.3 0.4
Females
11-14 years 0.23 0.3 0.4
15-18 years 0.23 0.3 0.4
19-50 years 0.23 0.3 0.4
50+ years 0.23 0.3 0.4
Pregnancy No increment
Lactation:
0-4 months No increment
4+ months No increment

* The LRNIs and EARs for children over 1 year have been assumed to be the same as for adults, to
parallel the RNIs. RNIs in mg/day based on EARs for energy are given in Table 1.4.

absolute intake should not fall below 0.4 mg/d in people on very low energy
diets. '

9.2.4 Adult women Women are less frequently affected by beri-beri than
men even when eating the same food3:!! but there is no consistent indication
from experimental work that the needs of women differ from those of men.
Bamji suggested that thiamin requirements to normalise measurements of TKL
and thiamin excretion were lower in young women (0.21-0.26 mg/1,000 kcal)
than young men®, but others reported that urinary thiamin excretion only
approached normal values on 0.51 mg/1,000 kcal!2. There is no influence of
oral contraceptives on thiamin status!3.14,

9.2.5 Infants The mean thiamin concentration in human milk in Britain has
been reported as 0.16 mg/L, which is equivalent to 0.23 mg/1,000 kcal!5. An
increase from 0.14 to 0.22 mg/L (ie from 0.2 to 0.32 mg/1,000 kcal) has also
been reported between 1 and 6 weeks postpartum?6. It is currently recom-
mended that artificial feeds should contain not less than 0.2 mg thia-
min/1,000 kcal'?. The Panel agreed that the RNI should be 0.3 mg/1,000 kcal.

9.2.6 Children In upper middle class American children between 2 months
and 5 years old, thiamin intakes steadily increased from 0.3 to
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0.7 mg/1,000 kcal during the first year of life and there were no signs of
deficiency!8. Boyden and Erikson measured thiamin status in 7- to 9-year-old
girls and found normal thiamin excretion when intakes were 0.28 to
0.39 mg/1,000 kcal!®. Dick et al/ maintained eight boys aged between 14 and 17
years for 69 d on thiamin intakes ranging from 0.6 to 2.7 mg/d and calculated
their minimum requirement as 1.41 +0.2 mg/d or 0.38 4-0.06 mg/1,000 kcal2°.
The Panel found very little other evidence from which to determine thiamin
requirements for children, particularly during the pre-school period, but what
evidence there was suggested that the RNI should be the same for children as for
adults (Table 9.1).

9.2.7 Pregnancy and lactation Oldham et al studied 15 American women
who in all cases had uneventful pregnancies with normal deliveries. Dietary
intakes were assessed using diaries and by dietary analysis. The absolute
thiamin intake in four of the women was between 0.4 and 0.7 mg/d and, in all
women, intake exceeded 0.5 mg/1,000 kcal. The authors concluded that there
was no evidence of any increased need for thiamin during normal pregnancy?!.
There was also no influence of a generally poor nutritional status on pregnancy
or obstetric performance in 150 Indian women in whom the mean thiamin
intake was 0.74 mg/d, or 0.39 mg/1,000 kcal?2. The loss of 0.14 mg thiamin/d
in milk (from 850 ml/d containing 0.16 mg/L) would be met by the recom-
mended increase in energy intake. The Panel therefore made no change to the
RNI of 0.4 mg/1,000 kcal during pregnancy or lactation.

9.2.8 Theelderly Horwitt et al maintained men aged from 66 to 74 years on
a marginal intake of 0.188 mg/1,000 kcal (0.4 mg/d) for 2 years (paragraph
9.2.1) and found no evidence for an increase in thiamin requirements with age8.

9.3 Guidance on high intakes Chronic intakes in excess of 50 mg/kg or
more than 3g/d are toxic to adults with a wide variety of clinical signs including

headache, irritability, insomnia, rapid pulse, weakness, contact dermatitis,
pruritus and in one case death?.
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10. Riboflavin

10.1 Functions and essentiality Riboflavin plays an essential role in all the
oxidative processes on which man and other organisms depend. A reduced
activity of flavin-dependent enzymes therefore tends to manifest itself in
reduced consumption of oxygen rather than in a single or specific block in
intermediary metabolism. Riboflavin deficiency in man can result in lesions of
the mucocutaneous surfaces of the mouth (angular stomatitis, cheilosis,
atrophic lingual papillae, glossitis, magenta tongue), seborrhoeic skin lesions,
surface lesions of the genitalia and vascularisation of the cornea.

10.2 Requirements

10.2.1 There are few epidemiological studies which can be used to determine
minimum requirements, because the classical signs of clinical deficiency are not
completely specific and respond only moderately to riboflavin supplements.
They are also dependent on the status of other nutrients and precipitating
factors!. Nevertheless, they indicate that group intakes of 0.5-0.8 mg/d are
needed by adult men and women2-6, and by adolescent youths?. This evidence is
in agreement with the findings of Horwitt ez a/ that subjects fed 0.55 mg/d for 4
months developed clinical symptoms of deficiency8-°.

10.2.2 Biochemically, there are three main ways in which riboflavin status can
be assessed: (i) by measurement of urinary riboflavin; (ii) by measurement of
red cell riboflavin; and (iii) by determination of erythrocyte glutathione
reductase activation coefficient (EGRAC). Urinary riboflavin was the first
method to be used extensively®-9, and the intersection of the excretion curves for
a range of intakes of riboflavin enables the amount required to saturate tissues
to be calculateds. Burch et a/ showed that 90 per cent of the riboflavin in blood
is present in the red cells, and their results suggested that diets which achieve 85
per cent saturation of red cell riboflavin are associated with maximum
growth!0, The EGRAC test was first reported by Glatzle et a/!'! and indepen-
dently by Bamji'2 and by Beutler!3. It is a measure of tissue saturation and long-
term riboflavin status, and has the advantage of being both stable and
extremely sensitive. EGRAC values below 1.3 represent more or less complete
saturation of the tissues with riboflavin!4.15, and results obtained by this

method were extensively used by the Panel to support many of the DRVs for
riboflavin.

10.2.3 Sinceriboflavin and protein are intimately related in the formation and
storage of flavoproteins in lean tissue, a negative nitrogen balance interferes
with the assessment of riboflavin requirements. The accompanying tissue
breakdown increases urinary excretion of riboflavinl6 and the saturation of red
cell glutathione reductase®:17. Other components of the diet may also affect
riboflavin status by promoting or inhibiting intestinal synthesis or by changing
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transit time. There is some evidence that riboflavin can be absorbed in the lower
gastrointestinal tract!8, but intestinal synthesis does not appear to be an
important source of riboflavin in Western diets3.

10.2.4 Adults In the recent survey of British adults, the median intake of
riboflavin by men was 2.03 mg/d, with 2.5 and 97.5 centiles of 0.92 and
4.32 mg. For women, it was 1.56 mg/d with 2.5 and 97.5 centiles of 0.59 and
4.04 mg!°. EGRAC values of 1.3 or above were found in only about 1 and 2 per
cent of the men and women respectively who were healthy and not slimming or
taking supplements, and were mostly associated with riboflavin intakes below
1.3 mg/d in the men and 1.1 mg/d in the women!®. The EAR for men is
therefore more than the 0.5-0.8mg/d on which clinical symptoms of deficiency
can arise (see para 10.2.1), but less than 2 mg/d, and between 0.8 mg/d and
1.6 mg/d for women. Riboflavin intakes greater than 0.44 mg/1,000 kcal are
accompanied by a sharp rise in its excretion and possibly represent tissue
saturation?-2!, This led to earlier recommendations of 0.55 mg/1,000 kcal
because individual variation was assessed as 25 per cent (2 sd of the BMR). This
would translate into 1.35 mg and 0.95 mg/d for men and women respectively
using the energy intakes recently found for British adults!®. The Panel
considered this approach, but, because the latter value was associated with high
EGRAC values!?, it was decided to base the RNIs on those intakes above which
there were only two EGRAC results (both men) greater than 1.3 in the Dietary
and Nutritional Survey of British Adults, ie 1.3 mg/d for men and 1.1 mg/d for
women. The LRNIs and EARs are as shown in Table 10.1.

10.2.5 Infants The riboflavin content of breast milk from a five-centre
study in the UK was 0.31 mg/L22, However, a wide range of values has been
reported both in the UK and America (0.2-0.79 mg/L), probably reflecting the
strong influence of the mothers’ intakes?3. The unsupplemented intake of
Gambian infants in the first 12 months of life provides only about 0.2 mg/d,
producing EGRAC value between 1.23 to 1.45, but supplementing these intakes
to 0.4 mg/d resulted in satisfactory biochemical status ie EGRAC values
around 1.1524. The Panel therefore set this as the RNI for formula-fed infants.

10.2.6 Children The Panel set the RNIs for children by interpolation
between the values for infants and those for adults (Table 10.1).

10.2.7 Pregnancy and lactation The extra need for riboflavin placed on the
pregnant mother by the fetus has been estimated as 0.3 mg/d, and that needed
to meet the riboflavin content of milk and the metabolic cost of its secretion is
0.5 mg/d21. The Panel agreed these as the increments to be added to the RNI
for pregnancy and lactation. The Panel found insufficient evidence to interpret
EGRAC data in pregnancy.

10.2.8 The elderly Thurnham found more abnormal EGRAC results in
elderly men and women than in young adults, and intakes of 1.2-1.5 mg/d and
1.1-1.4 mg/d in elderly men and women respectively achieved EGRAC values
below 1.326, Resting metabolism and riboflavin intakes decrease with age, but
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Table 10.1 Dietary Reference Values for Riboflavin (mg/d)

Age Lower Reference Estimated Average  Reference Nutrient
Nutrient Intake Requirement Intake
0-3 months 0.2 0.3 0.4
4-6 months 0.2 0.3 0.4
7-9 months 0.2 0.3 0.4
10-12 months 0.2 0.3 0.4
1-3 years 0.3 0.5 0.6
4-6 years 0.4 0.6 0.8
7-10 years 0.5 0.8 1.0
Males
11-14 years 0.8 1.0 1.2
15-18 years 0.8 1.0 1.3
19-50 years 0.8 1.0 1.3
50+ years 0.8 1.0 113
Females
11-14 years 0.8 0.9 1.1
15-18 years 0.8 0.9 1.1
19-50 years 0.8 0.9 1.1
50+ years 0.8 0.9 1.1
Pregnancy +0.3
Lactation:
0-4 months +0.5
4+ months +0.5

the Panel saw no justification for reducing the RNIs for elderly people below
those for younger adults.

10.3 Guidance on high intakes The low solubility of riboflavin prevents its
absorption from the gastrointestinal tract in amounts sufficient to produce
toxic effects. When 120 mg/d were used for 10 months to treat congenital
methaemoglobinaemia, no adverse effects were reported?’.

10.4 Research needs Research is needed on the biochemical assessment of
riboflavin status in pregnancy and in old age.
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11. Niacin and Tryptophan

11.1 Function and essentiality The generic descriptor ‘‘niacin’’ includes
nicotinic acid and nicotinamide, which functions as the reactive part of the
nicotinamide nucleotide coenzymes, NAD and NADP. Nicotinamide can be
synthesised from the amino acid tryptophan. The major metabolic role of
NAD(P) is a coenzyme in oxidation and reduction reactions. Niacin is thus of
central importance in intermediary metabolism, and the requirement is related
to energy expenditure. Niacin deficiency results in pellagra, which is charac-
terised by a severe sunburn-like skin lesion in areas of the body exposed to
sunlight, and in areas such as the knees, ankles, wrists and elbows which are
subjected to pressure. Diarrhoea is a characteristic, but not inevitable, symp-
tom of pellagra. In advanced cases there may be dementia with intermittent
periods of lucidity. Untreated pellagra is fatal.

11.2 Tryptophan-niacin equivalence The equivalence of dietary tryptophan
and preformed niacin has been determined in volunteers maintained on
controlled diets. There is a wide variation between individuals and from day to
day in any one person. High dietary intake of tryptophan results in a greater
apparent efficiency of conversion to niacin. Oestrogens reduce the rate of
tryptophan metabolism, so that in areas where pellagra is or has been common,
approximately twice as many women as men are affected although before
puberty and after the menopause there is no sex difference. Kynureninase and
kynurenine hydroxylase, two enzymes involved in tryptophan metabolism, are
vitamin B, and riboflavin dependent; deficiency of either of these vitamins may
result in secondary pellagra, despite an apparently adequate intake of tryp-
tophan and niacin!-2. The Panel accepted the widely adopted convention that
60 mg tryptophan can be taken as equivalent to 1 mg dietary niacin3. This ratio
includes an allowance for individual variation. The niacin equivalence of diets
is then the amount of preformed niacin + (1/60 X tryptophan).

11.3 Requirements There is no wholly satisfactory laboratory assessment of
niacin status. In experimental animals, measurement of whole blood NAD(P)
can provide a sensitive index of niacin depletion4, while the determination of
the urinary excretion of N-methyl nicotinamide (NMN) and its onward
metabolite methyl pyridone carboxamide (MPCX) offers the only other
method available.

11.3.1 Adults The mean observed requirement for niacin to prevent or cure
pellagra, or to normalise urinary excretion of NMN and MPCX, in experimen-
tal subjects maintained on niacin deficient diets and in energy balance, is
5.5 mg/1,000 kcal3. A coefficient of variation of 10 per cent gives an RNI of
6.6, mg/1,000 kcal and an LRNI of 4.4 mg/1,000 kcal (Table 11.1).
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11.3.2 Infants The Panel accepted the DHSS Guidelines for Artificial Feeds
for the Young Infant that infant milks should provide not less than 3.3-3.85 mg
preformed niacin/1,000 kcal’. With the tryptophan present in cows’ milk
protein, infants would have similar intakes of niacin equivalent/1,000 kcal to
those of adults, and the Panel saw no reason to set DR Vs for infants or children
at a different level than those for adults.

11.3.3 Pregnancy There are considerable changes in tryptophan metabolism
in late pregnancy as a result of hormonal changes, such that 30 mg of
tryptophan is equivalent to 1 mg dietary niacin®. The Panel agreed that any
additional requirement for niacin would be met by changes in the metabolism of
tryptophan, and that an increased dietary intake was unnecessary.

11.3.4 Lactation Mature human milk provides about 2.3 mg preformed
niacin/d at a concentration of 2.7 mg/L. In the absence of information about
the equivalence of dietary tryptophan and niacin in lactation, the Panel agreed
that such an increase in dietary niacin plus tryptophan would be prudent to
meet this extra need, above that appropriate for the increased energy intake
(Table 11.1).

11.4 Intakes Under normal conditions for an adult in nitrogen balance, the
amount of tryptophan present in dietary protein provides adequate niacin

Table 11.1 Dietary Reference Values for Niacin* (mg niacin equivalent/1000 kcal)

Age Lower Reference Estimated Average Reference Nutrient
Nutrient Intake Requirement Intake

0-3 months 4.4 5.5 ” 6.6

4-6 months 4.4 55 6.6

7-9 months 4.4 5:5 6.6

10-12 months 4.4 5.5 6.6

1-3 years 4.4 5.5 6.6

4-6 years 4.4 5.5 6.6

7-10 years 4.4 5.5 6.6

Males

11-14 years 4.4 5.5 6.6

15-18 years 4.4 5.5 6.6

19-50 years 4.4 5.5 6.6

50+ years 4.4 5.5 6.6

Females

11-14 years 4.4 5.5 6.6

15-18 years 4.4 5.5 6.6

19-50 years 4.4 5.5 6.6

50+ years 4.4 5.5 6.6

Pregnancy No increment

Lactation:

0-4 months +2.3 mg/d

4+ months +2.3 mg/d

*RNIs in mg/d based on DRVs for energy are given in Table 1.4
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without the need for any preformed vitamin at all. Median protein intakes in
Britain are 84.0 g/d by men and 61.8 g/d by women’ containing 12.6 mg
tryptophan/g8. At an equivalence of 60 mg tryptophan: 1 mg niacin this alone
is equivalent to 17.6 mg/d niacin for men and 13.0 mg/d for women.

11.5 Guidance on high intakes Very high doses of nicotinic acid (3-6 g/d)
cause changes in liver ultra-structure and function, in carbohydrate tolerance
and in uric acid metabolism, which may result in clinical signs of hepatotoxicity
but which appear to be reversible on withdrawal of the vitamin. Doses of
nicotinic acid but not of nicotinamide in excess of about 200 mg cause
vasodilatation of cutaneous blood vessels, and hence flushing. Higher doses
may also cause dilatation of other blood vessels, and a transient fall in blood
pressure. The effect wears off after some days’ repeated administration. There
is no evidence that intakes of niacin above those required to prevent pellagra
confer any benefit. Indeed, the main response to higher intakes of nicotinic
acid, nicotinamide or tryptophan is an increase in the urinary excretion of their
metabolites®.
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12. Vitamin Bg

12.1 Functions and essentiality Vitamin B¢ is a mixture of pyridoxal,
pyridoxine, pyridoxamine, and their 5’-phosphates, which are metabolically
interconvertible. Pyridoxal phosphate (PLP) is a cofactor for a large number of
enzymes catalysing reactions of amino acids. These are of central importance in
the body’s overall protein metabolism, and hence requirements are related to
the total amount of amino acids to be metabolised. PLP is also the cofactor for
glycogen phosphorylase. Gross clinical deficiency of vitamin By is rare. In the
early 1950s, however, an infant milk preparation which had undergone severe
heating in manufacture lost much of its pyridoxine and the infants who were fed
it developed a number of metabolic abnormalities and many convulsed. The
symptoms responded to vitamin By supplementation!-2.

12.2 Sources The vitamin is widely distributed in foods, although much of
the vitamin B in some vegetables may be present as unavailable glycosides.
Intestinal flora also synthesise relatively large amounts, at least some of which
is absorbed.

12.3 Requirements Estimates of the total body pool of Vitamin B, based on
very few studies, vary between 40-250 mg. Shane determined a half-life of 33
days for this pool, which implies an average requirement for replacement of
between 0.6-3.78 mg/d3. More useful estimates of vitamin B¢ requirements
have come from studies of changes in tryptophan and methionine metabolism,
and blood vitamin Bg, during depletion and repletion of adults maintained on
controlled diets. Deficiency develops faster on relatively high protein intakes
(80-160 g/d) than on lower intakes (30-50 g/d). During repletion of deficient
subjects, tryptophan and methionine metabolism and blood vitamin Bg are
normalised faster at low than at high levels of protein intake4-7.

12.3.1 Adults By interpolation from the above studies, which used a
relatively wide range of vitamin B, intakes with two different intakes of protein,
the Panel agreed with most other committees that the RNI for vitamin By is
15 pg/g dietary protein. With the variance of 20 per cent, the LRNI and the
EAR become 11 pg and 13 ug per gram of protein respectively (Table 12.1).
Because requirements will depend upon actual protein intake, the Panel
considered it inadvisable to set absolute DR Vs for this nutrient. If, however, the
energy intake of the group was at the EARs in this Report and protein provided
14.7 per cent of this energy as in the recent dietary survey of British adults®, then
the absolute RNIs would be as in Table 1.4.

12.3.2 Infants Of the infants fed overheated formula (see para 12.1), 0.3 per
cent convulsed when their pyridoxine intake was 60 pug/d. Provision of
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Table 12.1 Dietary Reference Values for Vitamin Bg (ug/g protein*)

Age Lower Reference Estimated Average Reference Nutrient
Nutrient Intake Requirement Intake
0-3 months 3.5 6 8
4-6 months 355 6 8
7-9 months 6 8 10
10-12 months 8 10 13
1-3 years 11 13 15
4-6 years 11 13 15
7-10 years i 13 15
Males
11-14 years 11 13 15
15-18 years 11 : 13 15
19-50 years 11 13 15
50 + years 11 13 15
Females
11-14 years 11 13 15
15-18 years 11 13 15
19-50 years 11 13 15
50 + years 11 13 15
Pregnancy No increment
Lactation:
0-4 months No increment
4+ months No increment

*RNIs as mg/d based on actual protein intakes are given in Table 1.4 (see 12.3.1)

260 pg/d prevented or cured these symptoms, and 300 pg/d normalised
tryptophan metabolism!-2. However, those amounts overestimate infants’
requirements because the pyridoxal-lysine which was formed in this formula
has anti-vitamin activity®. Based on the composition of pooled mature human
milk, the DHSS Guidelines on Artificial Feeds for the Young Infant recom-
mend a concentration of vitamin B¢ not less than 5 ug/100 ml and a protein
concentration between 1.5-2.0 g/100 ml, which gives a vitamin By intake of
2.5-3.5 pg/g protein!®. The Panel equated this to the LRNI up to the age of 6
months, and set an RNI of 8 ug/g protein which is the amount calculated for
human milk from the data of Paul and Southgate!!. These values are lower than
for adults, in part because some of the protein is used for tissue growth rather
than metabolised for energy.

12.3.3 Pregnancy Plasma pyridoxal phosphate falls markedly in pregnancy,
but there is no evidence that it is necessary or desirable to raise the plasma PLP
of pregnant women to that considered normal for non-pregnant women.

12.3.4 Oral contraceptive users There is no evidence that use of oral
contraceptive steroids increases the requirement for vitamin B, although
pharmacological doses of the vitamin may overcome some of the side-effects of
contraceptive steroids!2.13,
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12.3.5 The elderly There is a fall in plasma PLP of some 3.6 nmol/L per
decade of life. It is not clear whether this represents a decline in vitamin Bg
status with age, or simply a change in the blood concentration of the vitamin;
erythrocyte aspartate aminotransferase activity does not show a similar change
with age!4.15. Middle-aged women fed a constant diet providing 2.3-2.4 mg/d
vitamin B4 show lower plasma PLP and higher urinary 4-pyridoxic acid than
young women fed the same diet!6. It seems likely that there are age related
changes in the absorption and metabolism of the vitamin, but although the
elderly may have a higher absolute requirement than younger people, there is
insufficient evidence from which to quantify an increased RNI, especially as
some studies have failed to show any beneficial effect of supplements as high as
20 mg/d.

12.4 Guidance on high intakes Schaumburg ef al/ reported the development
of sensory neuropathy in 7 patients taking 2-7 g/d pyridoxine. Although there
was residual damage in some patients, withdrawal of these extremely high doses
resulted in a considerable recovery of sensory nerve function!’. Dalton and
Dalton reported peripheral sensory neuropathy in 60 per cent of 172 women
taking between 50-500 mg vitamin B4/d for 6 to 60 months, but even among
women taking only 50 mg/d, 40 per cent reported symptoms of peripheral
sensory neuropathy!8. Within 6 months after withdrawal of these vitamin Bg
supplements, all patients reported recovery. Although one study has demon-
strated no teratogenic effect of vitamin B¢ in experimental animals!?, the safety
of high intakes in human pregnancy has not been established.
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13. Vitamin B,,

13.1 Functions and essentiality

13.1.1 Compounds with vitamin B,, activity consist of a corrinoid ring
surrounding an atom of cobalt, the sole function known for cobalt in humans.
Vitamin B,, is involved in the recycling of folate coenzymes through involve-
ment in methionine synthesis and the degradation of valine via methylmalonyl
CoA. Interactions with the folate group of co-enzymes are responsible for the
haematological abnormality of megaloblastic anaemia, in which vitamin B,

- deficiency results in the same syndrome as folate deficiency. In addition,
vitamin B, , is needed for nerve myelination, and prolonged deficiency leads to
irreversible neurological damage.

13.1.2  Food sources of vitamin B, include almost all animal products, and
certain algae (eg seaweeds) and bacteria, which can synthesize it. Green plants,
however, contain none at all, unless they become contaminated by bacteria or
algae. The natural forms of vitamin B,, are the methyl, adenosyl, hydroxo or
aquo-cobalamins, and the usual commercially available form, cyano-
cobalamin, is readily converted to these in vivo. For normal vitamin B,,
absorption in the terminal ileum, the vitamin must bind to salivary haptocorrin
and then to ‘‘intrinsic factor’’, a protein cofactor which is secreted by the
parietal cells of the stomach. The most common reason for B,, deficiency in
humans is not dietary, but a failure of intrinsic factor secretion, leading to
pernicious anaemial.2. Diet-related vitamin B,, deficiency has, however, been
observed in some very strict vegetarians and vegans, who obtain essentially no
vitamin B,, from food or from microbial sources.

13.2 Requirements About 80 per cent of the body store is in the liver, and
turnover is extremely slow (0.05-0.2 per cent of the body pool per day).
Conservation by the kidney and during enterohepatic circulation is very
efficient. As a result, no experimental human depletion studies have been
undertaken to produce vitamin B,, deficiency, or to measure the daily
requirement directly since these would take too long and be considered too
hazardous. The usual criterion for vitamin B,, inadequacy is a serum level
below 130 pg/ml or about 100 pmol/L3.

13.2.1 Adults The average requirement to prevent or cure the megaloblastic
anaemia of vitamin B,, deficiency in adults appears to be less than 1 pg/d, and
this is the intake now recommended by FAO4. The evidence for this estimate
was derived from 3 main types of study: a) the absence of anaemia or
macrocytosis from Australian Seventh Day Adventist vegetarians, whose
vitamin B, intakes were estimated as 0.26 +0.23 (sd) pug/d, and from Swedish
vegans with vitamin B,, intakes estimated as 0.3-0.4 ug/ds-6; b) a slow but
‘‘adequate’’ haematological response by South Indian subjects with diet-
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related B,,-deficiency anaemia when given 0.3-0.65 pg/d’; and c) a haem-
atological response to parenteral doses of vitamin B,, between 0.1 and 0.2 pg/d
by pernicious anaemia patients8-°. The LRNI was therefore set at 1 ug/d (Table
13.1), but the Panel considered that the RNI of 1.5 pg/d for adults would not
only reduce the risk of megaloblastic anaemia in all normal subjects but also
provide sufficient stores to withstand a period of zero intake. Although the
incidence of pernicious anaemia is increased among elderly people, there is no
evidence that normal healthy elderly subjects have increased vitamin B,,
requirements.

13.2.2 Pregnancy and lactation There is little or no information about
requirements during pregnancy, and the 1.5 pg/d intake was considered to be
sufficient to cover the needs of pregnant women, on the assumption that their
body stores would not be depleted at the outset of pregnancy. For lactation, an
increment of 0.5 ug/d should ensure an adequate supply for breast milk, which
is estimated to contain 0.2-1.0 pg vitamin B,,/L unless it comes from deficient
or from supplemented subjects!O.

13.2.3 Infants Since a daily supplement of 0.1 ug cures megaloblastic
anaemia in infants receiving less than 60 ng/d from breast milk!!, the Panel set
the LRNI at 0.1 pg/d. The RNI is, however, set at 0.3 ug/d which is the intake
required to normalise methyl malonic acid excretion!2. Amounts for children
have been interpolated between these and the values for adults.

Table 13.1 Dietary Reference Values for Vitamin B 12 (ng/d)

Age Lower Reference Estimated Average Reference Nutrient
Nutrient Intake Requirement Intake
0-3 months 0.1 0.25 0.3
4-6 months 0.1 0.25 0.3
7-9 months 0.25 0.35 0.4
10-12 months 0.25 0.35 0.4
1-3 years 0.3 0.4 0.5
4-6 years 0.5 0.7 0.8
7-10 years 0.6 0.8 1.0
Males
11-14 years 0.8 1.0 1.2
15-18 years 1.0 1.25 1.5
19-50 years 1.0 1.25 155
50 + years 1.0 1.25 155
Females
11-14 years 0.8 1.0 122
15-18 years 1.0 1.25 135
19-50 years 1.0 1.25 155
50 + years 1.0 1.25 1.5
Pregnancy No increment
Lactation:
0-4 months +0.5
4+ months +0.5
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13.3 Guidance on high intakes Vitamin B, has extremely low toxicity; it is
toxic only at g/kg intakes in experimental animals, and no toxic effects have
been encountered in man. Injections of as much as 3 mg/d have been used in
attempts to treat fatigue and various neurological disorders, and 1 mg/d has
been used to treat vitamin B,,-responsive inborn errors of metabolism.

13.4 Research needs There is scope for the development of improved
functional tests of marginal deficiency, and further exploration of the relation-
ship between the haematological and the neurological aspects of deficiency.

Requirements during pregnancy and lactation and those of infants and children
need to be clarified.
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14. Folate

14.1 Functions and essentiality Folic acid (pteroyl glutamic acid) is the
parent molecule for a large number of derivatives collectively known as folates.
They are involved in a number of single carbon transfer reactions, especially in
the synthesis of purines, pyrimidines, glycine and methionine. The characteris-
tic sign of folate deficiency is megaloblastosis, with abnormal, multilobed
neutrophil nuclei and giant platelets in peripheral blood!. Other rapidly
regenerating tissues such as the intestinal mucosa may also suffer, while in
babies and young children, growth may be affected.

14.2 Forms and bioavailability

14.2.1 Although most experimental studies of human requirements have used
free pteroyl glutamic acid, this chemical species is not present in food or human
tissues unless added as a dietary supplement. It is physiologically inactive until
it has been reduced to dihydrofolic acid, when it can enter the body’s folate
pool. The main naturally occurring forms are tetrahydrofolate (THF), 5-methyl
tetrahydrofolate (SMeTHF), and 10-formyltetrahydrofolate, each with side
chains of up to 11 glutamic acid residues. Polyglutamate forms based mainly on
SMeTHF predominate in fresh food, but on storage these slowly break down to
monoglutamates and oxidise to less available folates. Before polyglutamates
can be absorbed, they must be hydrolysed by the r-glutamyl hydrolase
(‘““conjugase’’) present in the small intestine. The main circulating form is the
monoglutamate 5-methyl tetrahydrofolate, but polyglutamates are the forms
that are active inside cells, including those of liver, where folates are present in
relatively large amounts.

14.2.2 Rich food sources of folate include liver, yeast extract and green leafy
vegetables and a diet that is rich in other B vitamins and in vitamin C is usually
rich in folate too. However, many estimates of human folate intakes are
unreliable. This is partly because the amounts in food measured with Lac-
tobacillus casei may be incorrect unless the assay conditions are exactly
appropriate. Some assays have separately reported “‘free®’ and ‘‘total‘’ folate
(the fractions reacting in the L. casei assay before and after deconjugation), but
the concept of ‘‘free’’ folate has now been abandoned since its measurement is
unreliable and humans can deconjugate and utilise polyglutamates to a
considerable extent. Microbiological assessment of ‘‘total’’ folate is gradually
being superseded by HPLC measurements of all the different forms, of which
5-MeTHF may be the best utilised.

14.3 Requirements Biochemical evidence of folate status can be obtained
from a variety of indices. The lower limit of normal serum folate concentration
is usually accepted as 3 ng/ml2. Tissue levels are better indicated by the
concentration of folate in red cells, which is buffered against short-term
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changes. Red cell levels below 100 ng/ml are considered to be severely deficient,
while values between 100 and 150 ng/ml (ug/L) indicate marginal status3. Liver
levels greater than 3 ug/g indicate adequate reserves4.

14.3.1 Adults When folate deficiency was induced experimentally in a
human subject by eliminating practically all known sources of folate from an
otherwise well-balanced diet to leave an intake of only 5 pg/d, the symptoms
were reversed by 50 ug pteroylglutamic acid/ds-6. Pteroyl-glutamic acid at
intakes of 50-100 pg/d also cured naturally-occurring folate-deficiency mega-
loblastic anaemia, and maintained small but stable folate stores in cancer
patients whose treatment necessitated precise control of their folate supply’.
The Panel set the LRNI at 100 pg/d.

14.3.2 Careful estimates of folate intakes and the distribution of folate status
indices in Canada have shown that with a mean folate intake from food of
150-200 pg/d, the folate content of autopsied liver samples was consistently
greater than 3 ug/g#8. No more than 8-10 per cent of this population’s red cell
folate levels were below 150 pug/ml, and overt signs of clinical or haematologi-
cal folate deficiency were (as in the UK) very uncommon®. Median folate
intakes in Britain were 300 pg/d by men (range 145-562 pg/d) and 209 pg/d by
women (range 95-385 ug/d)!9. The Panel saw no reason for men and women to
have different reference values, because the arguably smaller requirement by
women, based on their smaller lean body mass, was offset by a potentially
greater need during reproduction, especially during the periconceptunal period
(see 14.3.4). The same RNI, of 200 ug/d, was therefore set for adults of both
sexes (Table 14.1).

14.3.3 Infants and children Folate-deficiency anaemia has not been
reported in breast-fed infants, and even folate-deficient mothers secrete
sufficient to cover the needs of their infants. Breast milk provides 40 pg/d, but
a formula containing 60-70 ug/L (50-60 ug/d) produced lower red cell folate
levels than did breast milk, but no differences in haemoglobin concentrations,
weight gain or growth rate!!. The Panel therefore decided to set an RNI of
50 pg/d for formula-fed infants. For older children, the Panel interpolated
values between this and the RNI for adults (Table 14.1) The values were well
above 3.6 ug folate/kg body weight—an amount which has been shown to
maintain plasma folate levels at a low but acceptable level and to ensure
freedom from overt folate deficiency in children!2.

14.3.4 Pregnancy Thereis evidence for anincrease in folate requirements in
late pregnancy, as indicated by the widespread occurrence of bone marrow
megaloblastosis, even in otherwise well-nourished Western societies, before
maternal folate supplementation during pregnancy became widespread during
the 1960s!3. The mean amount of extra folic acid needed to maintain plasma
and red cell folate levels at or above those of non-pregnant, women was
100 pg/d!4.15, and the Panel raised the DRV by this amount throughout
pregnancy. The Medical Research Council is currently investigating the possi-
bility that folate supplements during the periconceptunal period may reduce the
incidence of neural tube defects in infants.
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Table 14.1 Dietary Reference Values for Folate (ug/d)

Age Lower Reference Estimated Average Reference Nutrient

Nutrient Intake Requirement Intake
0-3 months 30 40 50
4-6 months 30 40 50
7-9 months 30 40 50
10-12 months 30 40 50
1-3 years 35 50 70
4-6 years 50 75 100
7-10 years 75 110 150
Males
11-14 years 100 150 200
15-18 years 100 150 200
19-50 years 100 150 200
50 + years 100 150 200
Females
11-14 years 100 150 200
15-18 years 100 150 200
19-50 years 100 150 200
50+ years 100 150 200
Pregnancy + 100
Lactation:
0-4 months +60
4+ months +60

14.3.5 Lactation The amount of folate secreted in breast milk averages
about 40 pg/d at peak breast-milk production, and this needs to be replaced
from the diet during lactation!6. The Panel decided to increase the DRV by
60 pg/d to allow for incomplete absorption and utilisation of folates from the
diet.

14.3.6 Theelderly Although folate deficiency occurs more frequently in the
elderly than in young adults!?, there is little evidence that healthy elderly people
have an increased requirement. Many elderly people have low intakes of folate-
containing foods, however, and they may have a variety of medical conditions
which increase their requirements!3,

14.4 Guidance on high intakes Claims have been made that very high folate
intakes may result in mood changes!8 but have received little or no subsequent
support. High intakes may reduce zinc absorption!®, and folate supplements
given to patients with developing vitamin B,, deficiency may obscure a correct
diagnosis and delay the appropriate treatment. Nevertheless, both the dangers
of toxicity and the possible benefits from folate megadosage seem slight.

14.5 Research needs There is a need for improvements in the techniques for
the measurement of food folates and the estimation of their availability, and for
new studies of the relationship between food folate intakes and indices of folate
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status, especially for ‘‘high risk’’ groups such as pregnant women. Because
folates apart from folic acid itself are readily destroyed by nitrite under acid
conditions, the dependence of dietary folate requirements on the nitrite content
of the food and water supply needs further exploration.
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15. Pantothenic Acid

15.1 Function and essentiality Pantothenic acid is a part of the coenzyme A
molecule which plays an essential role in the catabolism of all the macro-
nutrients to yield energy. Pantothenic acid is very widely distributed in animal
and plant tissues. Experimental dietary deficiency of pantothenic acid in
humans leads to fatigue, headache, dizziness, muscle weakness and gastro-
intestinal disturbances!. There is, however, no convincing evidence of panto-
thenic acid deficiency in humans other than when fed an experimental diet.

15.2 Intakes Estimates from National Food Survey records gave mean daily
intakes of pantothenic acid of 5.1 mg in 19792 and 6.07 mg in 19863. The
median intake from food sources by British adult males was 6.1 mg/d and
4.4 mg/d for adult females. British mothers have been reported to have mean
intakes of pantothenic acid between 3.4 and 5.3 mg/d during pregnancy and
lactation, though these values could have underestimated intakes by up to
0.6 mg/d4.

15.3 Requirements No biochemical method has yet been accepted for
determining pantothenate status in humans. Measurements have been made of
blood levels and urinary excretion of pantothenic acid but it is difficult to
interpret them in terms of dietary needs’. The Panel therefore derived no
DRVs, but as there are no signs of pantothenic acid deficiency in the UK,
intakes between 3 and 7 mg/d must be adequate, even during pregnancy and
lactation.

15.4 Infants The DHSS recommend that infant formulas should contain at
least 2.0 mg pantothenic acid/L, which would provide 1.7 mg/dé. The concen-
tration is equivalent to about 3 mg pantothenic acid/1,000 kcal and is similar to
the 2.9 mg/1,000 kcal of the average diet in this country. The Panel endorsed
this recommendation.

15.5 Guidance on high intakes Ralli and Dumm reported no toxic signs after
giving young men 10 g calcium pantothenate daily for six weeks’, although
such doses may cause diarrhoea and gastrointestinal disturbancess.

15.6 References

! Hodges R E, @hlson M A, Bean W B. Pantothenic acid deficiency in man. J Clin Invest 1958; 37:
1642-1657.

2 Bull N L, Buss D H. Biotin, pantothenic acid and vitamin E in the British household food supply.
Hum Nutr: App Nutr 1982; 36A: 190-196.

3 Lewis J, Buss D H. Trace nutrients. 5. Minerals and vitamins in the British household food
supply. Br J Nutr 1988; 60: 413-424. )

113



4 Black A E, Wiles S J, Paul A A. The nutrient intakes of pregnant and lactating mothers of good
socioeconomic status in Cambridge, United Kingdom: some implications for recommended
daily allowances of minor nutrients. Br J Nutr 1986; 56: 59-72.

5 Fox H M. Pantothenic acid. In: Machlin L, ed. Handbook of Vitamins: Nutritional Biochemical
and Clinical Aspects. New York: Marcel Dekker, 1984; 437-457.

6 Department of Health and Social Security. Artificial Feeds for the Young Infant. London:
HMSO, 1980. (Reports on health and social subjects; 18).

7 Ralli E P, Dumm M E. Relation of pantothenic acid to adrenal cortical function. Vitam Horm
1953, 11: 133-158.

8 Miller D R, Hayes K C. Vitamin excess and toxicity. In: Hathcock J, ed. Nutritional Toxicology.
Vol 1. New York: Academic Press, 1982; 81-133.

114



16. Biotin

16.1 Function and essentiality Biotin was originally discovered as part of a
complex which promoted the growth of yeast. It was also found to be the
protective or curative factor in ‘‘egg white injury’’ which can be caused in man
and experimental animals by feeding large amounts of raw egg white: the
glycoprotein avidin in egg white binds biotin with a remarkably high affinity.
Metabolically, biotin is of central importance in lipogenesis, gluconeogenesis
and the catabolism of branched chain amino acids. Apart from patients
maintained on total parenteral nutrition for long periods, deficiency is not
known in man except in people who consumed large amounts of uncooked eggs
and thus of avidin. They developed a fine scaly dermatitis and hair loss
(alopecia). Histology of the skin showed an absence of sebaceous glands and
atrophy of the hair follicles. In experimental studies of biotin depletion, diets
providing up to 30 per cent of energy intake from raw egg white have been used.
The subjects developed glossitis, anorexia, nausea, hallucinations, depression
and somnolence, as well as a fine scaly desquamating dermatitis. Urinary
excretion of biotin fell to about 10 per cent of that in subjects eating a normal
diet. Injection of biotin reversed all the clinical signs!.

16.2 Sources The vitamin is widely distributed in many foods, and is also
synthesised by intestinal flora. Studies in vivo show that there is significant
absorption of biotin from the proximal and mid-transverse colon, suggesting
that biotin from intestinal bacteria can be absorbed2. The extent to which it is
available is, however, not known, for the faecal excretion of biotin is 3-6 times
greater than the intake.

16.3 Requirements The signs of biotin deficiency that have been observed in
patients receiving total parenteral nutrition for prolonged periods after major
resection of the gut have resolved following the provision of 60-200 ug biotin,
but there have been no studies of the actual amounts of biotin needed3. The
average intake by British men is 39 ug/d (range 15-70 pug) and by women is
26 pg/d (range 10-58 pg)*. These amounts prevent deficiency, and the average
requirement must lie below these values. Although the Panel could set no DRVs
on such limited evidence, they agreed that biotin intakes between 10 and
200 ug/d were both safe and adequate.
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17. Vitamin C

17.1 Functions and essentiality

17.1.1 Essential and undisputed roles of vitamin C (ascorbic acid) in man are
to prevent scurvy and to aid wound healing. It also assists in the absorption of
non-haem iron, and because of its potential for reaction with destructive free
radical containing oxygen, it is an important antioxidant. However, ascorbic
acid may exhibit pro-oxidant properties in the presence of certain metal ions
and oxygen, and these pro-and anti-oxidant activities are reflected in its role as
a cofactor, modulator or protective agent in a series of essential mixed function
oxidase enzyme reactions.

17.1.2 Vitamin C is one of the most labile nutrients in the diet, easily
destroyed by oxygen, metal ions, increased pH, heat or light. The richest
sources are citrus and soft fruits and the growing points of vegetables, whereas
unsprouted cereals and their products contain virtually none.

17.1.3 The most definitive evidence for essentiality has come from experimen-
tal depletion and repletion studies in adult human volunteers. In the MRC
Sheffield study! and in Iowa2? the most characteristic clinical signs of diet-
induced vitamin C deficiency were failure of hair follicle eruption, the
occurrence of petechial haemorrhages spreading to sheet haemorrhage on the
limbs, and bleeding gums. Impairment of connective tissue formation within
wound repair tissue was frequently seen, and a wide range of other signs and
symptoms was reported, but less often.

17.1.4 Many studies have raised the question of whether vitamin C has
beneficial effects on normal human subjects at intakes and tissue levels
considerably greater than those needed to prevent or cure scurvy. These studies
have included examination of indices as diverse as histamine removal3;
cholesterol turnover?4; physical working capacity®-6; immune function?; male
fertility®; gingival collagen?®; nitrosamine and carcinogenesis prevention!© and
selenium or iron utilisation!!-12. Despite scientific concern about such ques-
tions, it is impossible to base estimates of requirements directly upon the
evidence of these studies, partly because the evidence is conflicting in many
areas, partly because those studies which have noted a positive benefit of
vitamin C supplements have not defined the minimum dietary requirement
needed to achieve it, and partly because specific design features have made the
interpretation difficult in many cases. Because of these and other difficulties,
the Panel decided to base their estimates of vitamin C requirements mainly
upon the prevention of scurvy, on vitamin C turnover studies, and on
biochemical indices of vitamin C status in man.
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17.2 Requirements

17.2.1 In normal adults, about 2.7 per cent of the exchangeable body pool of
ascorbic acid is degraded each day!3.14. This is independent of body pool size,
so that at zero intake there is a first-order rate of loss from the tissues. When the
body pool falls to 300 mg or less there is evidence of impaired function2.
Leukocyte or buffy coat vitamin C levels generally change in parallel with those
of most other organs and tissues, and a lower limit of 15 ug/108 cells is
frequently accepted as an indicator of deficiency. Plasma vitamin C levels are
more sensitive to recent intake, with values less than 11 ymol/L
(0.2 mg/100 ml) indicating biochemical depletion!S.

17.2.2 The amount of vitamin C required by human adults (mainly males) to
prevent and cure scorbutic signs and symptoms has been carefully investigated.
Nearly all individuals who received no more than 1 mg/d for 3-6 months from
a specially vitamin C-depleted but otherwise adequate diet developed mild
clinical signs of scurvy, whereas those who received 10 mg/d did not. 10 mg/d
was also sufficient to cure clinical signs of scurvy in an already-depleted group!.
Although three subjects who received 10 mg/d for 23 weeks and then only
3.2-4.5 mg/d for 28 weeks showed no clinical signs, a recent study has
indicated that an intake of 5 mg/d may be insufficient for gum protection!6.

17.2.3 These studies indicated that the requirement to prevent and cure scurvy
in men is less than 10 mg/d. The minimum requirement of women has not been
determined, but as women maintain higher blood levels of vitamin C for a given
intake than men, their requirements, except perhaps during reproduction, are
likely to be less. However, although 10 mg/d is sufficient to protect against
scurvy, it is not sufficient to maintain measurable amounts of ascorbate in the
plasma, and it leads to a low buffy coat ascorbate level. The Panel therefore
judged the safety margin to be insufficient with this intake, and turned to the
consideration of biochemical indices.

17.2.4 Adults Figure 17.1 shows the sigmoidal relationship between vitamin
C intake and plasma ascorbate levels!7-1°, Both men and women exhibit very
low plasma levels at intakes between 0 and 30 mg/d, which rise steeply between
30 and 70 mg/d, and approach an upper plateau between 70 and 100 mg/d.
Measurable amounts of ascorbic acid begin to circulate in the plasma of most
people at an intake of 40 mg/d, and this is available for transfer between the
tissues and to sites of depletion or damage. The Panel therefore selected this as
the RNI for both men and women. Women probably need less when not in a
reproductive cycle, but more during reproduction, including the periconceptual
period. An adult will maintain an exchangeable body pool of about 900 mg at
this intake, which can provide at least 1 month’s safety interval, éven on a zero
intake, before the pool falls to 300 mg2°. An LRNI of 10 mg/d for adults is
compatible with studies of scurvy prevention in the UK!, and elsewhere, on the
basis that protection against clinical deficiency signs is provided but no margin
of safety against further loss. By interpolation, the EAR was calculated as
25 mg/d (Table 17.1).
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17.2.5 Pregnancy and lactation During pregnancy there is a moderate extra
drain on tissue stores, especially towards the final stages of pregnancy, since the
fetus concentrates the vitamin at the expense of maternal stores and circulating
vitamin levels. The Panel has increased the RNI by 10 mg/d during the third
trimester for this purpose. During lactation, an intake of 70 mg/d ensures that
maternal stores are maintained and that breast milk levels are in the upper half
of the physiological range for human milk. This represents an increase in the
DRVs of 30 mg/d throughout lactation.

17.2.6 Children Clinical scurvy has not been observed in fully breast-fed
infants, even in communities where mothers’ vitamin C intakes are extremely
low. Although ascorbate in breast milk may vary from 30 to 80 mg/L
depending on the intake of the mother21, the provision of 25 mg/d from breast
milk appears to be adequate for infants, and the Panel has set this as the RNI
for infants. RNIs for children were interpolated between this and the RNI for
adults (Table 17.1). Infants fed on dried milks providing 5 mg/d do not develop
scurvy, and this, together with their body pool size estimates, support an LRNI
of 6 mg/d for infants. Values for children have been scaled down propor-
tionately from those for adults (Table 17.1).

17.2.7 Theelderly Inthe UK, elderly people may have low blood vitamin C
levels, low body stores, and occasionally even overt clinical deficiency signs.

Table 17.1 Dietary Reference Values for Vitamin C (mg/d)

Age Lower Reference Estimated Average Reference Nutrient
Nutrient Intake Requirement Intake
0-3 months 6 15 25
4-6 months 6 15 25
7-9 months 6 15 25
10-12 months 6 15 25
1-3 years 8 20 30
4-6 years 8 20 30
7-10 years 8 20 30
Males
11-14 years 9 22 35
15-18 years 10 25 40
19-50 years 10 25 40
50 + years 10 25 40
Females
11-14 years 9 22 35
15-18 years 10 25 40
19-50 years 10 25 40
50+ years 10 25 40
Pregnancy + 10*
Lactation:
0-4 months +30
4+ months +30

*Last trimester only.
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However, most deficient individuals have persistently low intakes, and there is
no compelling evidence for an increased requirement in old age23.24.

17.2.8 Smokers Several recent studies have indicated that smokers have an
increased turnover of vitamin C. To maintain their body pool and circulating
levels near those of non-smokers, their intake would need to be greater by up to
80 mg/d?25.26,

17.3 Guidance on high intakes Claims that intakes of vitamin C above those
necessary to cure scurvy can protect from, or cure, various diseases, tissue
damage or improve general health, are still being assessed. Possible risks
associated with high intakes include diarrhoea at intakes of grams/d; increased
production of oxalate, and hence of kidney stones in a small group of
individuals with an unusually high propensity for oxalate synthesis?’; and
‘systemic conditioning’, whereby the sudden cessation of high intakes may
precipitate scurvy, through enhanced turnover.

17.4 Research needs Future research effort should include a) further classi-
fication of the biological functions of vitamin C; b) further studies on vitamin C
turnover; c) studies of the requirements of different groups within the
population, and d) identification of possible benefits or detrimental effects of
high intakes.
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18. Vitamin D

18.1 Function and essentiality

18.1.1 The two main forms of vitamin D are ergocalciferol (vitamin D,) and
cholecalciferol (vitamin D,). The only role of vitamin D is as a precursor of 25-
hydroxyvitamin D (25-OHD) and 1,25-dihydroxyvitamin D (1,25-(OH),D). 25-
OHD occurs almost exclusively in plasma, while 1,25-(OH),D is formed in the
kidney (and placenta of pregnant animals) and is the active form of the vitamin
which is involved in calcium homeostasis. Plasma calcium is maintained within
narrow limits, in part by varying the proportions of dietary calcium absorbed
and excreted, thereby ensuring a plentiful supply of this element for bone
mineralisation (see Chapter 22). In addition, 1,25-(OH),D may have a direct
effect on bone.

18.1.2 Prolonged deficiency of vitamin D in children results in rickets, the
main signs of which are skeletal deformity with bone pain or tenderness, and
muscle weakness. In florid rickets there may be hypocalcaemia and tooth
eruption may be delayed. Rachitic children show reduced bone growth, are
anaemic, and are prone to respiratory infections. Plasma 25-OHD concen-
trations in rickets range from not detectable to about 8 ng/ml!.

18.1.3 In adults, hypovitaminosis D presents as osteomalacia, with muscle
weakness and bone tenderness or pain in the spine, shoulder, ribs or pelvis.
Plasma 25-OHD concentrations in osteomalacia are less than 4 ng/ml and
plasma levels of calcium and phosphate may be reduced.

18.2 Vitamin D formation

18.2.1 Ergocalciferol is derived by ultraviolet (UV) irradiation of the
ergosterol that is widely distributed in plants, fungi and lower life-forms but it
does not occur naturally in higher vertebrates. Cholecalciferol is derived from
the action of UV irradiation on 7-dehydrocholesterol in the skin in animals
including man. Hypovitaminosis arises both from inadequate exposure to UV
radiation and from increased metabolism of vitamin D due to factors such as
low calcium intake or calcium absorption2. It can normally be corrected by
adequate exposure to sunlight or by vitamin D in non-pharmacological doses.

18.2.2 There are few dietary sources of vitamin D. Fatty fish such as herring,
mackerel, pilchards, sardines and tuna are rich sources but are not major
contributors to the diet. The only other useful sources are eggs and fortified
foods including margarine (which is required by law to contain vitamin D),
some yogurts and breakfast cereals. The amount of vitamin D in meat is
uncertain, as modern analytical methods have not been applied to obtaining
this information, but it is believed to be very low. The average dietary intake of
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vitamin D by adults in Britain is about 3 pg/d, ranging from 0.5 to 8 ug/d3. For
most people in the UK the main source is from the action of sunlight on the skin.

18.2.3 Solar UV radiation varies with latitude, time of year and time of day.
Complete cloud cover reduces the energy of the radiation by 50 per cent and
about 40 per cent of available UV radiation can be detected in shade. There is no
UV radiation of the appropriate wavelength (290 nm-310 nm) in Britain from
the end of October to the end of March. For the remaining months of the year
60 per cent of the effective UV radiation occurs between 11.00 am and 3.00 pm,
but is lower in the north than the south. Thus for normal individuals exposed
only to natural UV radiation there is a seasonal variation in plasma 25-OHD
concentrations4, with summer levels correlated with the amount of UV
radiation available, the extent of the exposure to sunlight, and the amount of
skin exposed, and winter levels dependent upon the amount of vitamin D,
formed during the previous summer>. Vitamin D status in the UK therefore
depends very much on the time spent out of doors during the day, which itself
depends on mobility, institutionalization, inclement weather and cultural
influences on skin exposure.

18.3 Requirements

18.3.1 Adults (18-65 years of age) Plasma 25-OHD normally ranges from
15 ng/ml to 35 ng/ml in summer and from 8 ng/ml to 18 ng/ml in winter4. No
dietary intake is therefore necessary for individuals living a normal life-style,
for whom the Panel set no DRVs (Table 18.1). For those confined indoors the
Panel agreed an RNI for vitamin D of 10 pg/d.

18.3.2 Infants and children Term infants who are receiving infant formula
and who are weaned at the normal time to a normal British diet do not develop
nutritional rickets because they receive about 8.5 ug/d from the infant formula
and in general this maintains plasma 25-OHD concentration at an acceptable
20 ng/ml®. Breast-fed babies show a seasonal variation in plasma 25-OHD, and
for babies born in the autumn the concentration can decline to very low levels
because winter milk contains little vitamin D7-8. The Panel therefore endorsed
the view of the Third COMA Report on Present Day Practice in Infant Feeding
that lactating mothers should receive supplementary vitamin D to ensure
continuing adequate levels of the vitamin in their breast milk®. Vitamin D
intakes usually decline on weaning because most weaning foods (excluding
manufactured products which are fortified) are low in vitamin D as is whole
cow milk. Therefore plasma 25-OHD may be lower in the second 6 months of
life than in the first 6 months!0. Those between 6 months and 3 years may be
particularly vulnerable to vitamin D depletion because of the rate at which
calcium is being laid down in bone at this time, and the limited availability of
UV radiation for many children. After this age, children (apart from some of
Asian origin) have a satisfactory vitamin D status with plasma 25-OHD ranging
from 13 ng/ml in mid winter to over 20 ng/ml in late summer!!, and need no
dietary vitamin D (Table 18.1). The Panel endorsed the view of COMA that it
remains prudent for infants and young children up to at least 2 years of age to
receive supplementary vitamin D (currently providing 7 pg/d)°.
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Table 18.1 Dietary Reference Values for Vitamin D (ug/d)

Age Reference
Nutrient
Intake’

0-3 months 8.5

4-6 months 8.5

7-9 months 7

10-12 months 7

1-3 years 7

4-6 years 02

7-10 years 0*

Males

11-14 years 0*

15-18 years 0*

19-50 years 0%

50+ years 10**

Females

11-14 years 0*

15-18 years (0

19-50 years 0*

50 + years 10**

Pregnancy 10

Lactation:

0-4 months 10

4+ months 10

tMay require supplementation of the diet.

*Certain at-risk individuals or groups may require dietary
vitamin D (para 18.3.6).

**For the population aged 65 or more only.

18.3.4 Pregnancy Plasma 25-OHD in pregnancy shows a seasonal variation
with different ranges reported by different studies. There is a significant
correlation between maternal and cord blood 25-OHD, with the values in cord
blood being lower than in the maternal circulation. In Scotland but not in the
south of England infants of women not taking vitamin D supplements have a
higher incidence of hypocalcaemia, hyperparathyroidism and a defect of dental
enamel which has been related to vitamin D-deficiency!2. Neonatal hypo-
vitaminosis D in pregnant women can be avoided by dietary supplementation
with vitamin D. The Panel endorsed the view of COMA that pregnant women
should receive supplementary vitamin D to achieve an intake of 10 pg/d.

18.3.5 Lactation A decline in plasma 25-OHD values and an increase in
1,25-(OH),D concentrations has been observed. These are changes which may
indicate reduced vitamin D status. The Panel therefore recommended supple-
mentation to achieve an intake of 10 pg/d to maintain vitamin D status at
adequate levels during lactation (see 18.3.2).
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18.3.6 Asian community Low vitamin D status is relatively more common
among Asians especially children, adolescents and women. A combination of
factors including the type of vegetarian diet, low calcium intake and limited
solar radiation appear to underlie the greater risk!3:14, The Panel agreed with
the recommendations of the COMA Working Party on the Fortification of
Food with Vitamin D that Asian women and children in the UK should take
supplementary vitamin D15,

18.3.7 The elderly Mean plasma 25-OHD concentrations in those over 75
years old may average less than 5 ng/ml!6 and never rise above 10 ng/ml at any
time of the year. Levels are lower in women than in men. However, the main
reason for the lower plasma 25-OHD levels in the elderly in Britain is because
they expose insufficient skin to sunlight for an inadequate time in the summer.
Thirty minutes exposure of the face and legs at 37° latitude increased plasma
25-OHD levels by about 7.4 pg/ml!7. This observation suggests that for
Northern Britain (latitude 55°) about 1-2 hours exposure daily is necessary to
achieve a similar response. To maintain winter 25-OHD levels at or above
8 ng/ml would require summer values to reach 16 ng/ml, which is 2 to 3 times
higher than the elderly, particularly those over 75 years, reach in practice.

18.3.8. Histologically proven osteomalacia occurs in 2-5 per cent of the
elderly presenting to hospitals!8-1°. Low plasma 25-OHD is found in up to 40
per cent of the elderly living in homes and hospitals2°, and the Panel concluded
that dietary or supplementary vitamin D is an effective means of maintaining
the vitamin D status of the elderly. The Panel recommended that the population
aged over 65 years should consume 10 pg of vitamin D daily to achieve plasma
25-OHD values at the lower end of the normal range found in younger adults.

18.4 Guidance on high intakes Infants are most at risk of developing
hypervitaminosis D!5. There are some reports of hypercalcaemia from 50 ug/d,
and mild hypercalcaemia was also found from 15 mg vitamin D orally every 3
to 5 months2!,

18.5 Research needs The reason for poor vitamin D status in some Asians
needs further exploration. The effect on vitamin D status of UV radiation at
different latitudes and under different cloud conditions needs more accurate
quantification.
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19. Vitamin E

19.1 Function and essentiality The biological activity of vitamin E results
principally and possibly entirely from its antioxidant properties, and in vivo it
appears to be the major lipid-soluble antioxidant in membranes. The first
vitamin E deficiency state to be clearly demonstrated was in premature infants
as a specific syndrome comprising haemolytic anaemia, thromobocytosis and
oedema. Infant formulas now contain adequate vitamin E concentrations!.
Those children and adults unable to absorb or utilise vitamin E adequately may
develop a characteristic and progressive neurological syndrome involving the
central and peripheral nervous system, retina and skeletal muscles. Appropriate
treatment with vitamin E, if given sufficiently early, can prevent the neurologi-
cal features or, if they are already present, halt or sometimes reverse their
progression?. All other children and adults virtually never show any signs of
clinical deficiency.

19.2 Vitamin E-active compounds Vitamin E activity is manifested by two
series of compounds, the more important being the tocopherols while the
tocotrienols are less potent. The most active compound of all is the natural
isomer (RRR) of a-tocopherol, which accounts for about 90 per cent of the
vitamin E present in human tissues. Vitamin E activity is conventionally
summed in terms of the equivalent value (in milligrams) of RRR-a-tocopherol3.

19.3 Indicators of vitamin E status

19.3.1 Vitamin E status can be measured as the plasma tocopherol concen-
tration, but increased concentrations of serum lipids appear to cause
tocopherol to partition out of cellular membranes into the circulation thereby
increasing blood levels. For this reason plasma tocopherol concentrations are
generally expressed in relation to circulating lipids. If a single lipid is to be used
it is probably most conveniently expressed as the serum tocopherol: cholesterol
ratio?.

19.3.2 Below a plasma tocopherol concentration of about 0.5 mg/dl (11.6
pmol/L), or a tocopherol:cholesterol ratio of about 2.25 pmol/mmol,
erythrocytes tend to haemolyse after exposure to oxidizing agents such as dilute
hydrogen peroxide. This is sometimes taken as an indication of biochemical
deficiency, but is not indicative of a clinical deficiency of vitamin E. A
substantial decrease below this concentration is, for example, necessary to
reduce red cell survival timeS, and neurological signs of deficiency are not seen
until the plasma tocopherol concentration has been undetectable or extremely
low for a number of years. Nevertheless the Panel considered a serum
tocopherol:cholesterol ratio of 2.25 pmol/mmol to be the lowest satisfactory
value, and took the dietary requirement of vitamin E as being that necessary to
keep the ratio above this level.
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19.4 Requirements The requirement for vitamin E is determined to a large
extent by the polyunsaturated fatty acid (PUFA) content of tissues, which in
turn reflects the PUFA content of the diet. A number of studies has shown that
increasing the PUFA content of a diet low in vitamin E reduces plasma
tocopherol concentrations®:?’. The dependence of an individual’s vitamin E
requirement on dietary PUFA intake makes it difficult to set group DRVs
because the range of PUFA intakes in this country is wide. Furthermore, the
relationship between PUFA intake and vitamin E requirement is not a simple
linear one. In a recent survey, the 2.5 and 97.5 centile intakes of n-6 PUFA by
men were, 5.1 and 29 g/d8, and the amount of vitamin E sufficient for those
with the higher PUFA intakes would be quite large. To give such a value as the
RNI would be undesirable as it might suggest that groups with a much lower,
but adequate, PUFA intake should increase their consumption of vitamin E
when they had no need to do so.

19.4.1 The Panel decided that since vitamin E requirements depend on PUFA
intake, which varies widely, it was impossible to set DRVs of practical value and
there was little merit or utility in giving more than ranges of acceptable intakes.
Some indication of what these might be can be obtained from the results of the
recent survey in this country. Of 1,629 adult subjects only 11 (0.7 per cent) had
serum tocopherol:cholesterol ratios below 2.25 pmol/mmol. The 2.5 and 97.5
centiles of intakes from the 7-day weighed dietary records were 3.5 and 19.5
(median 9.3) mg a-tocopherol equivalents/d for men, and 2.5 and 15.2 (median
6.7) mg/d for women8. Black et al reported that intakes of 3.8 to 6.2 mg/d
appeared to be satisfactory for pregnant and lactating women®. The Panel
concluded that these ranges were safe, and that daily intakes of 4 mg and 3 mg
a-tocopherol equivalents can be adequate for men and women respectively.
Potential hazards cannot, however, be totally ruled out if the lower intakes are
maintained over prolonged periods.

19.4.2 Some Committees have chosen to calculate requirements for vitamin E
from the PUFA content of the diet. Although there is no general agreement on
what factor should be used, 0.4 mg a-tocopherol equivalents/g dietary PUFA
in a normal American diet appears to be satisfactory!0-11, and the ratio has been
recommended in this country for infant formulas!2. Using this, it is possible to
calculate what might be the mean requirements of adults consuming the
amounts of PUFA recommended by the Panel in Table 1.2 (6 per cent of dietary
energy intake). For 18-50 year old males with an intake of 2,550 kcal/d, the
average vitamin E requirement would be about 7 mg/d, and for 18-50 year old
women with an intake of 1,940 kcal it would be about 5 mg/d. In practice,
average intakes are in excess of this8. Furthermore, because foods rich in PUFA
also tend to contain large amounts of vitamin E, high intakes of PUFA are
usually accompanied by corresponding amounts of the vitamin. Thus the mean
dietary ratio of a-tocopherol equivalent (mg):PUFA (g) in Britain was over
0.68, which is above any estimate of what would be adequate. However, if
supplements of PUFA are taken, they should contain adequate amounts of
vitamin E.
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19.4.3 Infants Normal breast fed infants show a steady increase in serum
tocopherol concentrations, usually reaching the range seen in older children
within 2 to 3 weeks. Human milk has a vitamin E content which varies during
early lactation, having a maximum concentration of 1 mg a-tocopherol
equivalent/100 ml in colostrum which decreases to a mean concentration of
0.32 mg/100 ml at 12 days and then remains constant!3. A breast fed infant
consuming 850 ml milk/d would therefore have an average daily intake of
2.7 mg. The Panel endorsed the DHSS recommendations that the vitamin E
content of milk formulas should not be less than 0.3 mg a-tocopherol
equivalents/100 ml reconstituted feed and not less than 0.4 mg a-tocopherol
equivalents/g PUFA12,

19.5 Increased intake of antioxidants There is some evidence that increased
tissue levels of antioxidants, and in particular vitamin E, may protect against
conditions such as ischaemic heart disease and cancer'4-17, The Panel was not
persuaded that the evidence was yet sufficiently strong to provide a basis for
making proposals, but recommended that this area be kept under review.

19.6 Guidance on high intakes Few adverse effects have been reported from
doses of vitamin E up to 3200 mg/d, and none were observed consistently!8.
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20. Vitamin K

20.1 Functions and essentiality

20.1.1 Vitamin K activity is shown both by the plant (phylloquinone) and by
the related menaquinones which are synthesised by intestinal bacteria. Once
thought to play a role only in the hepatic synthesis of the four procoagulant
factors II (prothrombin), VII, IX and X, vitamin K is now known to be needed
for the gamma-carboxylation of at least two coagulation inhibitors as well as
serveral proteins of unknown function located in a variety of calcified and non-
calcified tissues!. In its severest form, vitamin K deficiency results in a bleeding
syndrome due to the lowering of circulating levels of the procoagulant factors
and their replacement by undercarboxylated species.

20.1.2 Overt vitamin K deficiency is almost never seen after the first few
months of life except as a consequence of underlying disease affecting
absorption or utilisation of the vitamin. In contrast, infants are born with
hepatic reserves of phylloquinone which are on average about one fifth the
adult levels and with no menaquinones2. The adult complement and pattern of
hepatic menaquinones seem to be reached slowly over several weeks2-3. Vitamin
K deficiency may occur spontaneously as haemorrhagic disease of the newborn
or as an idiopathic late-onset form which typically occur in totally breast-fed
infants during the third to eighth week of life. Most of the infants presenting
after one month with acute intracranial haemorrhage die, and those who
survive have severe neurological sequelae?.

20.2 Requirements There have been few if any satisfactory studies of the
vitamin K requirements of humans because of the difficulties in inducing
deficiency through dietary deprivation alone. At the present time the only
widely accepted criterion for vitamin K sufficiency is the maintenance of
normal plasma concentrations of the vitamin K-dependent coagulation factors.
This is usually assessed by relatively insensitive functional coagulation assays
such as the prothrombin time. Most estimates of the amount of phylloquinone
needed to correct induced clotting changes suggest that requirements are
between 0.5 and 1.0 pg/kg/day!.

20.3 Imtakes Thereislimited quantitative information on vitamin K in foods
and diets because early bioassays in the chick were unreliable!. The predomi-
nant dietary form is phylloquinone, with green leafy vegetables being by far the
richest sources although other vegetables, fruits, dairy produce, vegetable oils,
cereals and meats can also provide significant amounts. HPLC assays of
phylloquinone have mostly been limited to vegetables5-6, but Suttie ef a/ have
estimated from the analysis of duplicate food portions that the normal intake of
phylloquinone in 10 male college students was about 80 pg/d’. Menaquinones
produced by the intestinal bacteria may also be important, for recent measure-
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ments by HPLC have shown that while vitamin K circulates mainly as
phylloquinone, hepatic reserves are mainly menaquinones-8.

20.4 Requirements

20.4.1 Infants The vitamin K in human milk consists almost entirely of
phylloquinone, and may vary between 1 and 10 pg/L%19. In contrast to most
nutrients, however, DRVs for vitamin K for infants are not based on normal
intakes from breast milk because of the epidemiological association of haemor-
rhagic disease of the newborn with total breast feeding!!. The Panel felt that it
would be prudent to base any DRV on the highest value for breast milk, which
for infants consuming 850 ml would be 8.5 pg phylloquinone/d, and to round
this up to account for the uncertain but low concentrations of menaquinones.
The safe intake of 10 pg/d is higher in relation to body weight (~ 2 pg/kg) than
for adults (see below), but is justified by the absence of hepatic menaquinones
in early life and presumed reliance on dietary vitamin K alone.

20.4.2 The Panel agreed with the growing consensus that to protect the few
babies who develop haemorrhagic disease, all babies need to be given pro-
phylactic vitamin K at birth.

20.4.3 Adults Too few studies have been carried out to determine the range
of variance of adult vitamin K requirements, but 1 ng/kg/d is both safe and
adequate since it maintains vitamin K dependent clotting factors at normal
concentrations and in their fully carboxylated form.

20.5 Guidance on high intakes Natural K vitamins seem remarkably free
from toxic side effects when taken orally even in milligram quantities. On the
other hand, synthetic preparations of menadione are best avoided for nutri-
tional purposes. Besides lacking intrinsic biological activity, the high reactivity
of its unsubstituted 3-position has been linked to haemolysis and liver damage
in the newborn.
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21. Other Organic Substances
sometimes reported to be Essential
Dietary Components

21.1 Foods contain thousands of other organic constituents. They are made
by, or accumulate in, the plant or animal from which the food was derived, and
many have some functional role in that plant or animal or are by-products of its
metabolism. Among the trace constituents are enzymes, hormones, alkaloids,
colours and many simpler compounds including free sugars, amino acids, fatty
acids, alcohols, and cholesterol and other sterols. Some of these, such as
caffeine, solanine and digitalis, have biological effects in humans, and some,
including taurine, are essential for some animal species.

21.2 Humans can synthesise taurine, choline, carnitine, inositol and choles-
terol, and human breast milk contains these and a number of other minor
constituents. There is, however, no convincing evidence that it is necessary to
include any of these in the normal human diet except possibly for taurine and
carnitine in diets for low birth weight or preterm infants!-2. The Panel therefore
gave no further consideration to these or to other unnecessary substances
including ornithine, orotic acid, lecithin, ‘vitamin B,s’ (pangamic acid),
‘vitamin B,;” (laetrile), bioflavonoids (eg rutin, hesperidin), ubiquinones
(coenzyme Q)s nucleotides and para-amino benzoic acid.
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22. Calcium

22.1 Function and essentiality Of the approximately 1.2 kg (300 mmol)
calcium (Ca) in the human body, about 99 per cent is in the bones and teeth
where its primary role is structural. One per cent is in tissues and fluids, where it
is essential for cellular structure and inter-and intracellular metabolic function
and signal transmission.

22.2 Metabolism

22.2.1 Calcium absorption occurs predominantly in the jejunum but also, to a
lesser extent, in the ileum and colon.!-3 Uptake occurs by active transport and
simple passive diffusion. At low Ca intakes active transport predominates but
as intakes increase, more is absorbed by non-specific pathways. A metabolite of
vitamin D, calcitriol (1,25-dihydroxycholecacliferol), enhances the active phase
of absorption by stimulating the biosynthesis of a specific intestinal calcium
binding protein which is involved in cellular transport. Some individuals can
adapt to a prolonged low intake by increasing the efficiency of absorption4. A
higher proportion of dietary Ca is absorbed by young growing persons than by
adults. Pregnancy likewise results in increased efficiency of absorptions.

22.2.2 Calcium is lost mainly through renal excretion. Losses also occur via
faeces, sweat, skin, hair and nails. Calcium also enters the gut via the bile,
which is relatively rich in Ca, in the pancreatic secretions and as part of the
desquamated cells from the mucosal lining and may be reabsorbed from the
ileum and colon. Because of this endogenous secretion, net absorption is less
than gross dietary absorption by roughly 100 mg (2.5 mmol)/d!.

22.3 Plasma calcium Total plasma Ca is 90-105 mg/L (2.25-2.60 mmol/
L)3 of which 50 per cent is ionised. The plasma ionised Ca compartment is
maintained by a combination of humoral factors which regulate intestinal
absorption, renal loss and deposition or mobilisation of Ca from bone. There
are no data to indicate that any dietary variable affects plasma Ca concen-
tration significantly in healthy people.

22.4 Urinary excretion Available data suggest that 97 per cent of the filtered
Caload is reabsorbed by the renal tubules3. Most authors have assumed that the
remaining 3 per cent, which is excreted in the urine represents obligatory loss
but there is doubt whether it is truly obligatory. A major determinant of urinary
Ca excretion is dietary Ca intake. Urinary Ca excretion is higher when protein
and sodium intakes are high than when intakes of these nutrients are low6-1°.
However, the effects of protein on Ca excretion may be partly offset by higher
phosphorus intakell.12, Urinary Ca excretion decreases in old age with
glomerular filtration rate, and as intestinal absorption declines due to reduction
in the efficiency of parathyroid hormone (PTH) and vitamin D metabolism.
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However, it increases in women at the menopause, reflecting increased
mobilisation of bone Ca3.

22.5 Bone metabolism The average adult human has something over 1 kg of
Ca in the bones. It is difficult to separate the influence on bone metabolism of
dietary Ca from that of other nutrients, since adequate intakes of protein,
energy and many other nutrients are also necessary for bone growth.

22.6 Peak bone mass Peak bone mass (PBM) is achieved on average at age
35-40 years for cortical bone; somewhat earlier for trabecular bone!3. Some
90-95 per cent of PBM is contributed during growth and it becomes only 5-10
per cent greater during consolidation. The main influences on PBM are sex
(25-30 per cent greater in males than in females) and genetics (10 per cent
greater in Afro-Carribean than in Caucasians). Within these groups there is
wide individual variation which has been ascribed to genetic, hormonal and
nutritional influences!3. The few studies bearing on the question of how
nutrition might affect PBM are, however, inadequate to draw firm
conclusions14-16,

22.7 Age-related bone loss The loss of bone usually begins within a few
years of achieving PBM. The average loss of cortical bone is about 0.3 per cent
of PBM per year in males and in females up to the menopause, with acceleration
for about 5 years in females after the menopause!3. Most studies have failed to
show a relationship between usual Ca intakes and the rate of postmenopausal
bone loss. In supplementation studies with healthy subjects, some have claimed
a clear and significant reduction of bone loss with additional dietary Ca
alone!’-1° or with combined Ca and oestrogen supplements2°. Some studies
have demonstrated a weak effect of Ca when bone loss was measured at one site
but not another?!, in cortical but not trabecular bone22, or by one method of
measurement of bone mass but not another?3. Other studies have shown no
change whatsoever in bone loss with Ca supplementation24-25. No studies in
patients with osteoporosis have demonstrated a significant improvement with
dietary Ca alone26-29. There is some evidence that seasonal increases in PTH
may contribute to cumulative bone loss3°. Whether higher Ca or vitamin D
intakes, or both, during the winter would affect this is not known.

22.8 Significance of the Ca/P ratio At customary Ca intakes the level of
phosphorus (P) intake (other than that present specifically as phytate which
strongly complexes Ca and inhibits its absorption) has no significant influence
on calcium absorption or retention. Excessive P intakes of 1.0-1.5 g/d
(30-50 mmol/d) with low Ca: P molar ratios (1:3) alter Ca metabolism causing
hypocalcaemia and secondary hyperparathyroidism (ie over-secretion of PTH).

22.9 Perspectives on calcium requirements In spite of the clear biological
essentiality of Ca, the very diversity of its functions makes it difficult to define
the appropriate end-point to use for assessing the adequacy either of the dietary
supply or of its delivery to the relevant tissues. The Panel recognised a number
of possible parameters which could be used.

137



22.9.1 Plasma Ca, in particular the ionised component, is the most conserved
of all the physiological features of Ca metabolism and it may be possible to
monitor changes in the variety of hormonal factors which come into play when
perturbation of plasma Ca is threatened. The Panel would have regarded such
data as the preferred basis for the DRVs, but found no useful studies in the
literature.

22.9.2 The maintenance of positive balance is necessary to preserve the
skeleton and this can be measured. However the data so far available have come
only from relatively short term studies mostly carried out among hospital
patients with limited ability to exercise, poor exposure to sunlight and which
have not allowed for any adaptation that might occur to a lower or higher Ca
intake4.

22.9.3 In the factorial approach, theoretical calculations can be made of the
needs for Ca for growth and maintenance. However, the calculation of the
‘obligatory losses’ may depend on balance studies with their inherent flaws and,
as urinary Ca excretion is highly dependent on dietary intake, it is not clear
whether these losses would be the same under experimental conditions where
dietary Ca intakes were different or minimally adequate.

22.9.4 As development of osteoporosis is seen by some as an outcome of Ca
deficiency, its occurence might be a possible end point because dietary Ca may
be critical in the development of peak bone mass. Some current data are
consistent with this hypothesis, though fall far short of proof. Osteoporosis can
also be ameliorated by reducing bone loss in later life particularly in post
menopausal women, but in both situations dietary Ca is only one, and probably
not the chief, modulating factor, exercise, body build and other dietary factors
being other candidates. For these reasons the Panel did not consider peak bone
mass or changes in bone density to be appropriate parameters for the basis of
DRVs for Ca. The Panel agreed that, in the absence of robust evidence on Ca
requirements in the elderly, it was not possible to say whether intakes by the

elderly higher than those by younger people might be advantageous or
disadvantageous.

22.9.5 Data from studies of actual dietary Ca intakes of populations which
show no apparent Ca deficiencies can be used to estimate Ca requirements. The
Panel noted that average Ca intakes for adults in Great Britain are 940 and 730
mg/d (23.5 and 18.3 mmol/d) for men and women respectively3!. These figures
are approximately the same as those obtained by calculating requirements by
either the balance or factorial methods. The Panel considered these intakes to
represent apparent requirements under the particular dietary and other circum-
stances pertaining to the period and circumstances in which they were
measured.

22.9.6 In order to derive DRVs for Ca the Panel agreed that no single
approach was satisfactory, and have opted for the factorial approach. In doing
so they concede that the EARs do not represent true basal dietary requirements,
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but rather they describe the apparent Ca requirements of healthy people in the
UK under the prevailing dietary circumstances.

22.10 Bioavailability The bioavailability of Ca is extremely important in the
setting of DRVs as the calculations given in table 22.1 indicate. The few values
regarded as reliable are summarised in table 22.2. Several populations of the
world consume Ca at levels lower than the current RDA for the UK32 yet show
no evidence of adverse effects. It is possible that such intakes may be acceptable
in any society33, but the Panel could not be sure of this. Systemic and intestinal
adaptation in response to changes in Ca intake has not been adequately
characterised in terms of bioavailability and other dietary and non-dietary
factors (See Annex 8).

Table 22.1 Dietary intakes necessary to achieve
calcium absorption of 160 mg
(4 mmol)/d assuming different net
absorption efficiencies

Assumed absorption Dietary intake mg/d

% (mmol/d)
20 800 (20.0)
25 640 (16.0)
30 550 (13.8)
35 460 (11.5)
40 400 (10.0)
45 360 ( 9.0)
50 320 ( 8.0)
55 290 ( 7.3)
60 270 ( 6.8)
65 250 ( 6.3)
70 230( 5.8)

Table 22.2 Average figures for calcium absorption from mixed diets

True absorption radioactively calcium intake subjects reference
% labelled food mg/d (mmol/d)

mean sd

30 6 milk 1,024 (25.6) 8 women 42

36 9 milk 744 (18.6) premenopause

23 6 milk 821 (20.5) 13 women 25

24 7 milk 801 (20.0) post-

24 6 milk 679 (17.0) menopause

18 6 milk 1,471 (36.8)

27 6 watercress 1,207 (30.2) 10 adult 43

46 9 skim milk 1.207 (30.2) males

36 10 Ca-enriched milk  1.207 (30.2)
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22.11 Dietary Reference Values In each group for which there is a Ca require-
ment for growth or reproduction, the EARs are based on published figures for the
retention of Ca. Urinary excretion has not been regarded as obligatory. The RNIs are
based on the EARs by adding a notional 2 standard deviations (see para 1.3.6). The
LRNIs are set for calcium at the other end of the distribution; that is 2 notional
standard deviations below the EARs (Table 22.3).

22.11.1 Infants Although in early infancy Ca balance data can be negative,
the rate of Ca retention is about 160 mg (4 mmol)/d34. Absorption efficiency
from breast milk is about 66 per cent so intakes in the first year of about 240 mg
(6 mmol)/d would be adequate. Calcium absorption from infant formula is
only about 40 per cent!9:35.36_ on which basis the EAR would be achieved on an
intake of 400 mg (10 mmol)/d with the RNI 2 sd above this at 525 mg
(13.1 mmol)/d. This may be higher than that available from some infant
formulas (see para 1.3.16).

22.11.2 Children Between one and 10 years average daily Ca retention
needed for skeletal growth has been estimated to rise from 70 to 150 mg/d (1.8
to 3.8 mmol/d)34. Assuming net absorption of 35 per cent (slightly lower than
that used for infants), this level of Ca retention can be maintained on a Ca
intake of about 275 mg (6.9 mmol)/d at age 2 and 425 mg (10.6 mmol)/d at age
10 years. Allowing for 2 sd above these EARs, the RNIs are therefore 30 per
cent higher at 350 and 550 mg/d (8.8 and 13.8 mmol/d) respectively, and the
RNIs for other ages have been interpolated (Table 22.3).

22.11.3 Adolescents Assuming a mean retention in adolescence of 250 mg
(6.3 mmol)/d for girls and 300 mg (7.5 mmol)/d for boys, and a net absorption
of 40 per cent, the EARs are 625 and 750 mg/d (15.6 and 18.8 mmol/d)
respectively. Corresponding RNIs are 2 sd above these means at 800 and
1,000 mg/d (20 and 25 mmol/d) (Table 22.3).

22.11.4 Adults Despite the Panel’s decision not to accept urinary losses
necessarily as obligatory, there is probably some requirement for Ca in
adulthood when growth has ceased. The EAR derived here is based on average
urinary losses in adults of 150 mg (3.8 mmol)/d plus an estimated 10 mg
(0.25 mmol)/d for losses via skin, sweat, hair and nails. The Panel assumed a
mean absorption of 30 per cent from mixed diets providing a normal range of
Ca intakes (Table 22.2). Therefore the EAR is 525 mg (13.1 mmol)/d and the
RNI is plus 2 sd, that is 700 mg (17.5 mmol)/d and the LRNI is 400 mg
(10 mmol)/d (Table 22.3). The EAR thus derived is similar to that derived from
balance studies!©.

22.11.5 Pregnancy There is no evidence for a spontaneous increase in food
consumption by pregnant women, and the satisfactory outcomes lend support
to the view that mobilisation of maternal Ca depots rather than a dietary
increment is an appropriate source of the additional Ca needed for fetal
growth37. There is evidence that bone density diminishes in the first 3 months of
both pregnancy and lactation to provide an internal Ca reservoir which is
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Table 22.3 Dietary Reference Values for Calcium mg/d (mmol/d*)

Age Lower Estimated Reference
Reference Average Nutrient
Nutrient Requirement Intake
Intake
0-12 months 240 ( 6.0) 400 (10.0) 525 (13.1)
1-3 years 200 ( 5.0) 275 ( 6.9) 350 ( 8.8)
4-6 years 275 ( 6.9) 350 ( 8.8) 450 (11.3)
7-10 years 325( 8.1) 425 (10.6) 550 (13.8)
11-14 years, male 480 (12.0) 750 (18.8) 1,000 (25.0)
11-14 years, female 450 (11.3) 625 (15.6) 800 (20.0)
15-18 years, male 480 (12.0) 750 (18.8) 1,000 (25.0)
15-18 years, female 450 (11.3) 625 (15.6) 800 (20.0)
19-50 years 400 (10.0) 525 (13.1) 700 (17.5)
50+ years 400 (10.0) 525 (13.1) 700 (17.5)
Pregnancy: no increment - - =
Lactation = = + 550 (+14.3)

*1 mmol = 40 mg

replenished by 6 months37. In any case, the efficiency of Ca absorption rises
during pregnancy over and above that for normal women, but among ado-
lescents pregnancy is a special case where two risk factors for Ca deficiency
coincide3®. Higher maternal Ca intakes would be advisable in these
circumstances38,

22.11.6 Lactation Most lactating women increase their food intakes, and hence
their Ca intakes, spontaneously thus providing the additional Ca required for milk
production. If it is assumed that this should be derived entirely from the diet, then an
additional 300 mg/d (850 ml milk/d x 0.35 mg Ca/ml = 298 mg/d) must be absorbed
by the mother. There is some evidence which suggests that the increased bio-
availability of Ca during pregnancy is maintained during lactation, although as yet,
there is little data available to quantify this precisely44. The Panel therefore assumed an
absorption efficiency of 40 per cent. The EAR is 160 + 0.4 = 400 mg (10.0 mmol)/d
and the extra requirement for lactation is 300 + 0.4 = 750 mg (18.8 mmol)/d. The
RNI for lactation is therefore 400 x 1.3 ( + 2 sd) + 750: that is 1270 mg—rounded to
1250 mg (31.8 mmol)/d—giving an increment of 550 mg (14.3 mmol)/d (Table
22.3). Adolescent mothers might be expected to require higher intakes38.

22.11.7 Postmenopause The Panel could find no evidence that significant
benefits would be derived from increasing dietary Ca sources alone. However
the increasing prevalence of osteoporosis, with associated fractures, has been
ascribed by some to dietary Ca deficiency3°. Osteoporosis results, however,
from loss of all components of bone (atrophy) not just of Ca. The post-
menopausal increase in bone loss, which is the main cause of osteoporosis,
results from oestrogen deficiency. Oestrogen replacement can prevent, and
possibly restore, bone loss. Calcium supplementation alone has not been shown
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to be effective in preventing significant bone loss. The achievement of Ca
balance in the peri-and postmenopausal periods in the absence of oestrogen
replacement may therefore be an inappropriate goal. However there is some
evidence that if Ca intakes are high the oestrogen dose can be reduced without
loss of efficacy?0.

22.11.8 Elderly The Panel could find no evidence to justify a recommenda-
tion for increased Ca intakes in the elderly. The Panel has recommended an
increased allowance for vitamin D since declining kidney function in ageing
people results in poorer metabolism of vitamin D and reduced Ca absorption
(see Section 18). In the absence of further information the Panel felt unable to
recommend any increase in Ca intakes by those aged 60 or more years, and
stressed that data which could help to quantify Ca requirements in the elderly
were particularly scanty.

22.12 Intakes

22.12.1 In the UK, supplies of Ca were 1,062 mg (26.6 mmol)/person/d in
1987, with 665 mg ( 16.6 mmol) (62 per cent) from milk and milk products and
58 mg (1.5 mmol) (5 per cent) from vegetables. However, because most flour in
the UK is required by law to be fortified with calcium carbonate, a further
235 mg (5.9 mmol) (22 per cent) is derived from cereals (Ministry of Agricul-
ture, Fisheries and Food, unpublished). In addition, hard water can provide
typically 200 mg (5 mmol)/d and occasionally as much as 500 mg
(12.5 mmol)/d while in very soft water areas it provides essentially none.

22.12.2 The NFS show some regional variation in Ca intakes from 820 mg
(20.5 mmol) in Wales to 910 mg (22.8 mmol)/person/d in the West Midlands
but there is greater variation with family composition. In 1987, the intake in
households with two adults ranged from 950 mg (23.8 mmol)/person/d where
there were no children to 770 mg (19.3 mmol)/person/d where there were 3 or
more children40.

22.12.3 Secondary schoolboys consumed an average of 833 mg (20.8 mmol)/
d when aged 10-11 and 925 mg (23.1 mmol)/d when 14-15 years, while at the
same ages girls, whose intakes of milk and cereal products were lower,
consumed 702 and 692 mg/d (17.6 mmol and 17.3 mmol/d)4!. The Dietary and
Nutritional Survey of British Adults showed average Ca intakes of 940 and
730 mg/d (23.5 and 18.3 mmol/d) in men and women respectively31.

22.13 Guidance on high intakes Body Ca metabolism is under such close
homeostatic control that an excessive accumulation in blood or tissues from
overconsumption is virtually unknown. Where accumulation in blood or the
tissues does occur it results from a failure of the control mechanisms, either
generally or locally, and has little relevance to dietary recommendations3. The
Panel were unconvinced that high intakes of around 2g (50 mmol)/d sometimes
recommended were of value in the prevention or treatment of osteoporosis. In
oestrogen deficiency, increased Ca loss is most effectively treated by oestrogen
replacement not by Ca supplementation. However, in view of the lack of Ca
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toxicity and the equivocal nature of the data relating to benefit, the Panel
agreed that in people who are considered to be at high risk of osteoporosis, a
diet richer in Ca than the DRVs proposed for the general population might be
prudent.

22.14 Research needs The Panel considered that much further research was
necessary to give data on which to base future recommendations, and identified
as deserving priority the need to characterise more thoroughly the mechanisms
for controlling and regulating Ca homeostasis and the need to understand the
pathophysiology of osteoporosis. The Panel recommended that further
research be carried out into ways of identifying those individuals at special risk
of developing osteoporosis.
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23. Magnesium

23.1 Function and essentiality The physiological importance of magnesium
(Mg) lies in its role in skeletal development and in the maintenance of electrical
potential in nerve and muscle membranes. Biochemically Mg acts as a co-factor
for enzymes requiring ATP, in the replication of DNA and the synthesis of
RNA!. Magnesium is intimately involved with calcium in metabolism. Calcium
homeostasis is controlled in part by a Mg-requiring mechanism which releases
parathyroid hormone. Several Mg activated enzymes are inhibited by calcium
while in others Mg can be replaced by manganese2. Hypomagnesaemia induced
by starvation, malabsorption syndromes, acute pancreatitis, alcoholism, pro-
longed diarrhoea or vomiting is almost always accompanied by hypo-
calcaemia3. The body contains about 25 g (1 mol) of Mg, and roughly 60 per
cent is in the skeleton4 5.

23.2 Metabolism Magnesium deficiency is characterised by progressive
muscle weakness, failure to thrive, neuromuscular dysfunction, tachycardia,
ventricular fibrillation, coma and death3: 6. Because of these cardiac effects, a
low level of dietary intake has been postulated as a risk factor in CHD.
However evidence for this is circumstantial, for while ventricular arrhythmia
has been shown to be associated with low levels of Mg in heart tissue, in most
cases the deficiency appears to have been induced by other factors (alcohol
abuse and diuretics) not nutritional inadequacy, and associated with hypo-
calcaemia’. Epidemiological evidence linking low Mg levels in soft water
supplies with a higher incidence of CHD is also conflicting8.

23.3 Absorption Magnesium is absorbed both by a facilitated process and
by passive diffusion®. Excretion is primarily through the kidneys and increases
with dietary intake up to about 2 g (82 mmol)/d. Intakes in excess of this have
been shown to pass through the intestine unabsorbed!. When intake decreases,
however, the kidney is very efficient at conserving Mg and the skeleton acts as a
store. Because of these homeostatic mechanisms it is very difficult to demon-
strate either deficiency symptoms or toxic effects in normal healthy people!.

23.4 Requirements

23.4.1 Adults Physiological data suggest that Mg balance is achieved in
adults on about 50 mg (2.1 mmol)/d!°. The efficiency of absorption increases
from 25 per cent on high Mg diets to about 75 per cent on Mg restricted diets.!!.
Early balance studies suggested that adult requirements may be as high as
700 mg (28.8 mmol)/d!2, but interpretation of these is difficult because of the
long time needed to reach equilibrium!3. One study suggested that normal
adults could maintain positive balance on 3.0 mg (0.12 mmol)/d over a 6 to 9
day experimental period but that an intake of 3.4 mg (0.14 mmol)/kg/d would
be adequate for alll4.
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23.4.2 Infants Human milk contains about 2.8 mg (0.12 mmol)/100 ml
(range 2.6-3.0 mg; 0.11-0.12 mmol)!5 so the newborn ingest about 25 mg
(1 mmol)/d or about 7.2 mg (0.3 mmol)/kg. At 3 months the intake is 6 mg
(0.25 mmol)/kg, and at 6 months 5 mg (0.21 mmol)/kg.

23.4.3 Pregnancy The fetus accumulates about 8.0 mg (0.33 mmol)/d over
40 weeks!6. Assuming 50 per cent absorption, the extra maternal requirement
for the fetus is 16 mg (0.66 mmol)/d. The mother also needs an extra 10 mg
(0.41 mmol)/d for the accumulation of placental and other tissues!’. However,
physiological adaptation in pregnancy and release from maternal stores ensure
an adequate supply.

23.4.4 Lactation As the Mg content of breast milk is about 2.8 mg
(0.12 mmol)/100 ml!> so the average secretion of Mg in breast milk is about
25 mg/d. Assuming 50 per cent absorption from the maternal diet the
lactational increment is 50 mg (2.1 mmol)/d.

23.4.5 Using the above and the balance data for adults from Jones et a/'4, the
RNIs and LRNIs for Mg given in table 23.1 are therefore calculated from the
EARSs per kg body weight:

Estimated Average Requirement

Infants 0-3 months 7 mg/kg/d
4-6 months 6 mg/kg/d
Children 6 months-18 years 4.5 mg/kg/d

(interpolated from 6.0 to
3.4 mg/kg/d)
Adults 18 years and over 3.4 mg/kg/d
Lactation—increment 50 mg/d

Table 23.1 Dietary Reference Values for Magnesium mg/d (mmol/d*)

Age Lower Estimated Reference
Reference Average Nutrient
Nutrient Intake Requirement Intake
0-3 months 30 (1.2) 40 ( 1.7) 551(2.2)
4-6 months 40 (1.7) 50 ( 2.1) 60 ( 2.5)
7-9 months 45 (1.9) 60 ( 2.5) 75 ( 3.2)
10-12 months 45 (1.9) 60 ( 2.5) 80 ( 3.3
1-3 years 50 (2.1) 65 ( 2.7) 85 ( 3.5
4-6 years 70 (2.9) 90 ( 3.7) 120 ( 4.8)
7-10 years 115 (4.7) 150 ( 6.7) 200 ( 8.0)
11-14 years 180 (7.4) 230 ( 9.5) 280 (11.5)
15-18 years 190 (7.8) 250 (10.3) 300 (12.3)
19-50 years men 190 (7.8) 250 (10.3) 300 (12.3)
19-50 years women 150 (6.2) 200 ( 8.2) 270 (10.9)
50 + years men 190 (7.8) 250 (10.3) 300 (12.3)
50 + years women 150 (6.2) 200 ( 8.2) 270 (10.9)
Pregnancy no increment
Lactation +50(+2.1)

*1 mmol=24.3 mg
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23.5 Intakes Magnesium is present in the chloroplasts of green plants and
the main sources of Mg in the diet are cereals and green vegetables. The
household diet provides on average 294 (12.1 mmol)/d, 33 per cent derived
from cereals and 18 per cent from green vegetables!®. Mean intakes from the
Dietary and Nutritional Survey of British Adults were 323 and 237 mg/d (13.3
and 9.8 mmol/d) for men and women respectively!®. Meat and animal products
are rich in Mg but the simultaneous intake of calcium, phosphate and protein
from these sources reduces its bioavailability20.

23.6 Guidance on high intakes There is no evidence that large dietary
intakes of Mg are harmful to humans with normal renal function. Excessive
circulating levels of Mg are almost impossible to achieve by ingestion from
foods but high levels induced by intravenous administration interfere with
nerve transmission causing paralysis and eventually death2!. When taken in
doses of 3-5 g (123-206 mmol) Mg salts have a cathartic effect22 and if taken
often enough for this reason can lead to high blood Mg levels that can be toxic
or even fatal23,
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24. Phosphorus

24.1 Function and essentiality About 80 per cent of the phosphorus (P) in
the human body ie 600-900 g (19-29 mol) is present in bones as a calcium salt
that gives rigidity to the skeleton. The rest is in soft tissues as inorganic
phosphate and as a constituent of all the major classes of biochemical
compounds. The energy that drives most metabolic processes is derived from
the phosphate bonds of Adenosine triphosphate (ATP) and other high energy
phosphate compounds. Phosphorylation-dephosphorylation reactions are cru-
cial to many aspects of metabolic control.

24.2 Metabolism Absorption of P is about 60 per cent of intake!. Plasma
concentrations fall within the range 24.7-43.3 mg/L (0.8-1.4 mmol/L) and are
regulated by excretion. At low P intakes, plasma P falls and urinary excretion is
reduced. To maintain a plasma phosphate concentration of 23.9 mg
(0.8 mmol)/L an intake of 400 mg (12.9 mmol)/d with a bioavailability of 60
per cent is needed!. This is well below usual intakes.

24.3 Requirements Phosphorus requirements are conventionally set as
equal to calcium in mass terms, ie 1 mg P: 1 mg Ca. However these elements are
present in the body in nearly equimolar amounts and the Panel took the view
that it was more rational to set the ratio in the diet as 1 mmol P: 1 mmol Ca and
recommended that as a matter of prudence the RNI for P be set equal to the
calcium RNI in mmol* (see Table 22.3 and paras 1.3.16 and 22.11.1). For Ca
intakes different from the RNI, P intake should be equivalent to actual Ca
intakes.

24.4 Intakes As phosphate is a major constituent of all plant and animal
cells, P is present in all natural foods. It is also present in many food additives.
Household food purchases in Britain provide 1.2-1.3 g (39-42 mmol)/person/
d? of which about 10 per cent is added in manufacture3.

24.5 Guidance on high intakes As discussed in para 22.8 a varying Ca:P
ratio can be tolerated by adult populations with no effect on Ca balance*,
although for infants the ratio remains extremely important and should not be
outside the range of 1.2:1 to 2.2:1 mg/mg or 0.9:1 to 1.7:1 mmol/mmol5.
Nevertheless the maximum tolerable daily intake is set at 70 mg/kg body
weight6 which is about 4.5 g/d for a 65 kg man and well above any level likely
to be obtained from dietary sources.

*1 mmol Ca=40 mg, 1 mmol P=30.9 mg
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25. Sodium

25.1 Function and Essentiality Sodium (Na) is the principal cation in
extracellular fluid where it exists in its ionised state. Its physiological roles
include the maintenance of (i) extracellular fluid (ECF) volume which is closely
related to total body Na content, (ii) extracellular fluid oncotic pressure, (iii)
acid base balance, (iv) electrophysiological phenomena in muscle and nerves
and (v) the generation of transmembrane gradients which enable the energy
dependent uptake of nutrients (eg amino acids and hexoses) by cells including
those of the intestinal mucosa and renal tubules.

25.2 Metabolism

25.2.1 An adult male weighing 65 to 70 kg has a total body Na of 4 mol
(92 g); of this 500 mmol (11.5 g) is in the intracellular fluid at an activity
concentration of 2 mmol/L (46 mg/L), 1500 mmol (34.5 g) is sequestered in
bone and 2,000 mmol (46 g) is in the ECF. Intestinal Na absorption is virtually
complete and occurs in the distal small intestine and colon. Its concentration in
the ECF of 135-145 mmol/L (3.1-3.3 g/L) is maintained by renal excretion
and conservation (See Annex 8). The kidneys filter 25 mol (575 g) of Na daily;
since daily dietary intakes (50-200 mmol; 1.15-4.6 g) approximate only 0.2-0.8
per cent of this amount, almost all of this filtered Na needs to be reabsorbed.
Renal Na reabsorption is highly efficient and adaptable. In pregnancy the
glomerular filtration rate and the corresponding filtered load of Na can be
doubled.

25.2.2 Regulation of the Na content of ECF is closely related to the systemic
control of ECF volume. If the body Na burden is increased, water is also
retained and the ECF volume increases; conversely, if the body Na burden falls
the ECF volume decreases. Regulation of these changes in ECF volume is
mediated by sensors of pressure and distension which are located in the cardiac
atria and right ventricle, the pulmonary vasculature, the carotid arteries and the
aortic arch. The nerve pathways from these sensors end in the medulla and
hypothalamus of the brain. When ECF or blood volume falls retention is
stimulated, sympathetic activity increases, stimulation of nerves supplying the
afferent renal arterioles induces vasoconstriction, and a redistribution of renal
blood flow which by reducing gomerular filtration increases Na and water
retention. Additionally stimulation of nerves to the juxtaglomerular apparatus
increases renin production leading to an increase in circulating angiotensin II,
adrenal medullary secretion of noradrenalin and adrenalin, and pituitary
release of adrenocorticotrophin (ACTH) and antidiuretic hormone (ADH).
ACTH and angiotension II induce adrenal cortical secretion of aldosterone and
other mineralocorticoids which stimulate Na retention and potassium loss by
the kidneys and distal bowel. Increased secretion of ADH promotes water
reabsorption from the renal distal tubules.
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25.2.3 Several factors increase renal Na excretion. These natriuretic factors
include a specific natriuretic hormone, and vasodilators, parathormone, pros-
taglandins and kinins. Some of these may act on the renal vasculature, others
may have direct effects on renal tubular reabsorption; atrial natriuretic
polypeptide may affect both processes.

25.2.4 In infants and old people Na and fluid homeostasis are less efficient.
Neonates are less able to conserve Na than are adults, and the ECF volume does
not reach the adult proportion of body weight until about one year of age.
Glomerular filtration in children is less variable then in adults, but tubular Na
reabsorption is as efficient. Thus although children’s ability to excrete excessive
Na loads is limited, they are able to respond to deprivation by reducing urinary
Na loss almost to zero. In the elderly the onset of renal responses to altered Na
intakes, in particular reduced intakes, is slow although such adaptation is
ultimately achieved. Since the elderly may be on inadvertently or thera-
peutically restricted Na intakes they may become Na depleted, and thus
susceptible to anorexia and confusion which could further compromise their
general nutrient intake thereby creating a disadvantageous cycle.

25.3 Requirements

25.3.1 Healthy adults maintain balance on intakes as low as 3-20 mmol/d
(69-460 mg/d)!-2, and some healthy populations have daily intakes of less than
40 mmol (920 mg)* 4. The role of higher Na intakes in the pathogenesis of
hypertension has generated much interest, but the evidence supporting this or
indicating the relative importance of Na intakes is unclears. High body mass
index (BMI) (obesity), alcohol and smoking are important contributory factors
to the development of hypertension4. In adolescents obesity may increase the
sensitivity of blood pressure to dietary Na intake6. The lower Na intakes of ‘less
developed communities’ with lower blood pressure than those seen in developed
societies with increased incidences of hypertension may reflect different
lifestyles rather than a causal relationship between Na intake and increased
blood pressure, although more recent evidence is in favour of the latter”.

25.3.2 After BMI and alcohol consumption have been allowed for, a relation-
ship does exist between urinary Na excretion (assumed to be a marker of intake)
and increasing blood pressure with age4. However this correlation was not as
strong as that found either between urinary potassium (K) excretion or urinary
Na: K excretion ratios with increasing blood pressure. Although restricted Na
intakes reduce blood pressure in individuals with established hypertension, they
do not do so reliably in those with normal blood pressure. It has been calculated
that a reduction of daily Na intake from 170 mmol to 70 mmol (3.9 to 1.6 g)
might reduce systolic blood pressure by 2.2 mm Hg and diastolic pressure by
0.1 mm Hg, but recent evidence suggests this may be a considerable underesti-
mate’. The Panel accepted the possibility that public health benefits such as
reduced cardiovascular disease mortality might arise from such a change, but
other interventions such as reduction of obesity, increased potassium, reduced
energy intakes, altered quantity and quality of fat intake and reduced alcohol
consumption may also have at least as great an impact on such diseases. The
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Panel cautioned against any trend towards increased Na intakes. The Panel
further agreed that current Na intakes were needlessly high, and decided to set
DRVs on the basis of the balance of risks and benefits which might practically
be expected to occur, given the prevailing socio-cultural environment.

25.3.3 The determination of a potentially toxic threshold for Na intake is also
difficult. The possibility of a genetic susceptibility to Na related hypertension in
perhaps 10 per cent of the population is of some concern. This association with
elevated diastolic and systolic blood pressures may be apparent at intakes of
140-205 mmol/d (3.2-4.7 g/d).

25.3.4 Adults On these bases it is not possible to derive an EAR for Na but
the Panel suggests that the LRNI for adults is set at 25 mmol/d (575 mg/d) with
an RNI of 70 mmol/d (1600 mg) (Table 25.1). The Panel were unable to offer
guidance on high consumption though noted that usual intakes are in excess of
140 mmol/d (3.22 g/d). The Panel saw no physiological advantage in exceed-
ing this intake and considered that it would not be appropriate to increase these
intakes further.

25.3.5 Infants and children The LRNIs have been estimated by calculating
the daily increments in total body Na content (140 mmol/L of ECF and
2 mmol/L of intracellular fluid) allowing for the declining proportion with age
of ECF in body mass8 with an allowance for dermal, faecal and some urinary
losses. The LRNI in infants up to 6 months approximates to calculated intakes
for breastfed infants in whom, on the basis of 850 ml milk consumed daily and
a Na content of 7 mmol/L, intakes up to 3 months of age are 1.4 mmol/kg/d
and 0.9 mmol/kg/d at 4-6 months of age (Table 25.1).

25.3.6 Environmental effects Sodium requirements may be increased with
unaccustomed hard exercise or exposure to high ambient temperatures. In such

Table 25.1 Dietary Reference Values* for Sodium mmol/d** (mg/d)

Age Lower Reference
Reference Nutrient
Nutrient Intake Intake
0-3 months 6 (140) 9 (210)
4-6 months 6 (140) 12 (280)
7-9 months 9 (200) 14 (320)
10-12 months 9 (200) 15 (350)
1-3 years 9 (200) 22 (500)
4-6 years 12 (280) 30 (700)
7-10 years 15 (350) 50 (1,200)
11-14 years 20 (460) 70 (1,600)
15-18 years 25 (575) 70 (1,600)
19-50 years 25 (575) 70 (1,600)
50+ years 25 (575) 70 (1,600)

*No Estimated Average Requirements have been derived for sodium.
**1 mmol =23 mg Na: 1 g salt (NaCl) contains 17.1 mmol Na.

154



circumstances daily sweat losses may increase acutely from 2-4 mmol
(46-92 mg) to 350 mmol (8.0 g). However adaptation provides a more dilute
sweat resulting in a daily loss of 30 mmol (690 mg), and a need for a continuing
intake above the range proposed is not established, although in the short term
additional Na (salt) may be required.

25.4 Intakes Daily Na intakes are 2-10 g (90-440 mmol). In the UK mean
daily urinary Na excretion has been estimated as 187 mmol (4.3 g) and
131 mmol (3.0 g) in men and women respectively with a urinary Na/K ratio of
more than two®. In the Dietary and Nutritional Survey of British Adults mean
Na intakes, excluding discretionary salt, were 3,376 and 2,351 mg/d (147 and
102 mmol/d) in men and women respectively, while mean 24 hour urinary
excretion was 173 mmol (3979 mg) and 132 mmol (3036 mg) respectivelyl0. A
wide range of daily urinary Na excretion of 18-150 mg (0.8-6.6 mmol) has been
noted in normal children.

25.5 References
! Simpson F O. Sodium intake, body sodium and sodium excretion. Lancet 1988; 2: 25-28.

2 Luft F C. Sodium, chloride and potassium. In: Brown M, ed. Present Knowledge in Nutrition 6th
Ed. Washington DC: International Life Sciences Institute Nutrition Foundation, 1990;
233-240.

3 Glieberman L. Blood pressure and dietary salt in human populations. Ecol Fd Nutr 1973; 2:
143-156.

4 Intersalt Cooperative Research Group. Intersalt: an international study of electrolyte excretion
and blood pressure. Results for 24 hour urinary sodium and potassium excretion. Br Med J
1988; 297: 319-328.

5 Swales J D. Salt saga continued. Br Med J 1988; 297: 307-308.

6 Rocchini A P, Key J, Bondie D et al. The effect of weight loss on the sensitivity of blood pressure
to sodium in obese adolescents. New Engl J Med 1989; 321: 580-585.

7 Law M R, Frost C D, Wald N J. By how much does dietary salt reduction lower blood pressure?
Br Med J 1991; 302: 811-815, 815-818, 819-824.

8 Friis-Hanson B. Body weight compartments in children: changes during growth and related
changes in body composition. Pediat 1961; 28: 169-181.

9 Sanchez-Castillo C P, Warrender S, Whitehead T P, James W P T. An assessment of the sources
of dietary salt in a British population. Clin Sci 1987; 72: 95-102.

10 Gregory J, Foster K, Tyler H, Wiseman M. The Dietary and Nutritional Survey of British
Adults. London: HMSO, 1990.

155



26. Potassium

26.1 Function and essentiality Potassium (K) is predominantly an intra-
cellular cation. This compartmentalisation of K is maintained by the energy
dependent cellular uptake of the element and simultaneous extrusion of sodium
by the cell membrane bound enzyme Na: K adenosine triphosphatase. This
process is fundamental to the cellular uptake of molecules against electrochemi-
cal and concentration gradients, to the electrophysiology of nerves and muscle,
and to acid-base regulation!- 2.

26.2 Metabolism An adult male is estimated to contain 40-50 mmol
(1.6-2.0 g)/kg body weight, on which basis a 70 kg adult would contain
2800-3500 mmol (110-137 g). At least 95 per cent of this is intracellular at an
activity concentration of 150 mmol/L (5.9 g/L); the residue is present in the
ECF at a concentration of 3.5-5.5 mmol/L (137-215 mg/L). The total body K
reflects lean tissue mass and consequently varies with muscularity.

26.3 Homeostasis The homeostasis of K is imperfectly understood and
many factors are involved (see Annex 8). Over 90 per cent of dietary K is
absorbed in the proximal small intestine. The body content is regulated by renal
glomerular filtration and tubular secretion but up to 10 per cent of the daily loss
can occur via the distal ileum and the colon and a small amount is lost in sweat.
The glomerular filtration of K is approximately 3 per cent of the value for
sodium, and amounts to only about 680 mmol/d (26.5 g/d). However, renal
tubular secretion of the element, which is regulated predominantly by
aldosterone, is highly efficient and the kidney is able to excrete K considerably
in excess of this filtered load. As long as renal function is normal it is almost
impossible to induce K excess on habitual dietary intakes. An additional, but
usually less important, regulation of ECF and plasma K excess is achieved by
the capacity of cells induced by glucose and insulin to take up K.

26.4 Deficiency

26.4.1 Potassium deficiency alters the electrophysiological characteristics of
cell membranes causing weakness of skeletal muscles. The effect on cardiac
muscle is reflected by electrocardiographic changes characteristic of impaired
polarisation which may lead to arrhythmias and cardiac arrest. Similar changes
in intestinal muscle cause intestinal ileus (loss of motility). Mental depression
and confusion can also develop. Potassium is needed for lean tissue synthesis
and an adequate K intake is needed to achieve effective homeostasis of sodium
and renal function. Potassium deficiency arising from an inadequate dietary
intake is unlikely because of the ubiquity of K in foodstuffs.

26.4.2 Young normotensive men on a K intake of 10 mmol/d (390 mg/d)
were less able to excrete an imposed sodium excess than when they had a K
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intake of 90 mmol/d (3.5 g/d)3; simultaneously their blood pressure increased. In an
international study K excretion, an assumed indicator of K intake, was negatively
related to blood pressure and there was a positive relationship between urinary Na:K
excretion and increasing blood pressure?. Potassium intakes of 65 and 100 mmol/d
(2.5 and 3.9 g/d) reduce blood pressure in normotensive and hypertensive individ-
uals and increase urinary sodium loss5: 6. Although some studies contradict these
findings it seems reasonable to ensure that habitual daily K intakes are maintained at
suitable levels to ensure optimal metabolism of sodium. It has been calculated that an
increase in K intakes of 60-80 mmol/d (2.3-3.1 g/d) might induce a fall of 4 mm Hg
systolic blood pressure with a possible 25 per cent reduction in deaths related to
hypertension>.

26.5 Requirements These are difficult to determine precisely but they can be
gauged from the amount accumulated with growth and from reported urinary
and faecal excretion, although the latter, of course, may represent homeostatic
excretion of excessive intakes or losses incurred in maintaining sodium homeo-
stasis. An additional allowance can be made for amounts lost via the skin and
hair. The basal K losses of children have not been clearly defined; observed
urinary excretion range from 0.7-2.3 mmol/kg/d (27-90 mg/ kg/d). The
amount needed for growth and lean tissue synthesis has been taken as 50 mmol
(2.0 g)/kg body weight, and the Panel has used these factors with an allowance
for integuemental and faecal losses in estimating DRVs for K factorially up to
18 years of age (Table 26.1).

26.6 Imtakes Inthe Dietary and Nutritional Survey of British Adults mean K
intakes were 3187 and 2434 mg/d (82 and 62 mmol/d) in men and women
respectively and mean 24 urinary K excretions were 3000 mg (77 mmol) and
2420 mg (62 mmol) respectively’. Potassium is particularly abundant in vegeta-
bles, potatoes, fruit (especially bananas) and juices. Dietary trends with
decreased consumption of vegetables and fruit and increased consumption of

Table 26.1 Dietary Reference Values* for Potassium mmol/d** (mg/d)

Age Lower Reference
Reference Nutrient
Nutrient Intake Intake
0-3 months 10 (400) 20 (800)
4-6 months 10  (400) 22 (850)
7-9 months 10 (400) 18 (700)
10-12 months 12 (450) 18 (700)
1-3 years 12 (450) 20 (800)
4-6 years 15 (600) 28 (1,100)
7-10 years 24 (950) 50 (2,000)
11-14 years 40 (1,600) 80 (3,100)
15-18 years 50 (2,000) 90 (3,500)
19-50 years 50 (2,000) 90 (3,500)
50+ years 50 (2,000) 90 (3,500)

*No Estimated Average Requirements have been derived for Potassium.
**1 mmol =39.1 mg.
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foods with sodium based preservatives and other additives favour reduced K
and increased sodium intakes.

26.7 Guidance on high intakes Reported K intakes by Western populations
are in the range of 40-150 mmol/d (1.6-5.9 g/d). Intakes above 450 mmol
(17.6 g) may induce symptomatic hyperkalaemia in some individuals and would
represent a threshold for acute toxicity but such amounts would only be
achieved by supplementation and on usual dietary intakes toxicity is unlikely®.
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27. Chloride

27.1 Function and Essentiality Chloride (Cl) is the major extracellular and
intracellular counter anion to sodium and potassium, with 70 per cent of the
body burden in the ECF, and the remainder in the intracellular space,
connective tissue and bone!. Plasma Cl is maintained at 95-106 mmol/L*
(3.4-3.8 g/L). Its concentration in interstitial fluid is slightly higher whereas
the intracellular concentration of chloride has been varyingly reported between
4-25 mmol/L (142-890 mg/L). The total body Cl in adult men is about
33 mmol (1.2 g)/kg body weight and the accumulation of Cl by children has
been calculated on this basis.

27.2 Metabolism Chloride is absorbed passively in the proximal small
intestine where it follows the electrochemical gradient created by the transport
of the major cationic electrolytes. Active Cl uptake in exchange for bicarbonate
occurs in the distal small intestine and colon and electrogenic Cl secretion
occurs in the intestinal crypt enterocytes. Dietary Cl deficiency has only been
described in healthy infants who were fed an infant formula which provided less
than 2 mmol (71 mg)/L2.

27.3 Requirements It has been argued that Cl and Na interact in inducing
hypertension in man3-4. Since the dietary intake and systemic metabolism of CI
matches closely and is interdependent with that of sodium, the Panel concluded
that in the absence of more definitive information intakes of Cl from the diet
should equal sodium intakes in molar terms and DRVs for Cl should therefore
correspond to those of sodium (see table 25.1).

27.4 Intakes Daily Clintake in the UK is 85-145 mmol/d (3.0-5.1 g/d) and
is derived principally from sodium chloride. In a United Kingdom study daily
urinary Cl excretion was 182 and 127 mmol/d (6.5 and 4.5 g/d) in men and
women respectively®. In the Dietary and Nutritional Survey of British Adults
mean Cl intakes were 5,179 and 3,573 mg/d (150 and 100 mmol/d) in men and
women respectivelys. Daily urinary Cl excretion in children aged 3-18 years was
3.8 g (110 mmol)!.
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28. Iron

28.1 Function and essentiality

28.1.1 Iron (Fe) is a component of haemoglobin (Hb), myoglobin and many
enzymes and is stored in the reticulo-endothelial system as ferritin and
haemosiderin. Iron stores are influenced by long-term nutrition, and can
account for up to 30 per cent of total body Fe. A plasma ferritin concentration
of 1 ug/L represents 8-10 mg (140-180 umol) of stored Fe!. When require-
ments exceed the quantity absorbed from the diet, Fe stores are mobilised.
Plasma ferritin of 12 ug/L or less suggests that Fe stores have become depleted.

28.1.2 Iron deficiency ultimately results in defective erythropoeisis leading to
a normocytic or microcytic hypochromic anaemia2. However, functional
consequences of Fe deficiency may occur in the absence of anaemia3. These
include adverse effects on work capacity4, intellectual performances and
behaviourS. Resistance to infection’, and to thermoregulation® have been
demonstrated in Fe deficient states.

28.2 Metabolism Certain groups of the UK population are more vulnerable
to Fe deficiency, either due to high physiological requirements to meet tissue
growth (infants and toddlers, adolescents, pregnant women), high losses
(menstruating women) or poor absorption (the elderly, and people consuming
foods high in inhibitors of absorption eg polyphenols such as tannin in tea).
Iron status is most accurately determined from combined measures of serum
ferritin, transferrin saturation and erythrocyte protoporphyrin®, although
more recently the use of circulating transferrin receptor measurements as an
index of tissue Fe status has been undergoing evaluation!©. Deficiency is
common among children where late weaning and inappropriate foods may
precipitate problems, as demonstrated, for example, in London among infants
of Bangladeshi parents!!, and children in Bradford where Ehrhardt found
anaemia (Hb less than 11 g/dl) in 12 per cent of white and 28 per cent of Asian
preschool children!2. Similar results were obtained in Birmingham where 26 per
cent of 470 screened children aged 6 months to 6 years, were anaemic (27 per
cent of Asians, and 18 per cent of other, mainly European, children).

28.3 Requirements

28.3.1 Iron homeostasis is regulated by both uptake and transfer at the
intestinal mucosa and although there are preliminary reports describing
prolonged intestinal Fe losses there are no major excretory pathways for
endogenous Fe. Other daily losses of endogenous Fe include that in desqua-
mated gastrointestinal cells (0.14 mg), Hb (0.38 mg), bile (0.24 mg), and urine
(0.1 mg)13. Losses through skin and sweat are so small, when skin contamina-
tion is eliminated!4, that the Panel considered them to be negligible. Blood loss
depletes the body of Fe (haemoglobin is 0.347 per cent Fe).
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28.3.2 The degree to which physiological requirements vary from person to
person is not known precisely but basal Fe losses appear to have a coefficient of
variation of about 15 per cent among normal healthy individuals. In infants,
children and adolescents, Fe is also required for expanding red cell mass and
growing body tissues and in women of child-bearing age menstrual losses must
be added to basal losses. The dietary requirement also depends on the
bioavailability of Fe from the diet. According to FAO a diet typical for most
segments of the population in industrialized countries comprises generous
quantities of meat, poultry, fish, and/or foods containing high amounts of
ascorbic acid!5. The Panel accepted that Fe absorption from a diverse diet can
be assumed to be 15 per cent!5. However, the Panel cautioned that Fe in diets
containing little or no meat is less well absorbed and that people habitually
consuming such diets may need a higher Fe intake. Unfortunately, data do not
exist to quantify this precisely. As discussed in Annex 8, many factors influence
absorption and utilisation of nutrients and those affecting Fe are shown in
Table 28.1. For example, high intakes of ascorbic acid increase absorption and
hence lower the required intake, whereas inhibitors of absorption such as
tannin in tea raise the required intake.

28.3.3 Infants Although breast-fed infants can absorb approximately 50 per
cent of the Fe in milk, infants up to the age of 3 months fed on formulated milks
are assumed to absorb only 10 per cent of the Fe in milk!6, Using these
estimated losses and an absorption of 15 per cent the Panel has calculated DRVs
for Fe as given in Table 28.2.

28.3.4 Menstruating women There are few systematic data on menstrual
blood loss in the UK. Studies in Sweden show marked variation of menstrual
losses between women but relatively constant losses from period to period for
individual women!7. Overall, blood losses in women have a skewed distribution
(Table 28.2); 95 per cent lose 118 ml per period or less, whereas the median and

Table 28.1 Factors affecting iron absorption*

Enhancers Inhibitors
Dietary
Organic acids: ascorbic, citric, lactic, malic, Tannins, polyphenols,
tartaric Phosphates, phytate
Bran, lignin
Fructose, sorbitol Proteins: egg albumen, egg yolk, legume
Alcohol protein
Amino acids: cysteine, lysine, histidine Inorganic elements: Ca, Mn, Cu, Cd, Co
Physiological
Iron deficient and anaemic states Iron overload
Fasting Achlorhydria
Pregnancy Copper deficiency

*See also Annex 8
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Table 28.2 Dietary Reference Values for Iron mg/d (umol/d*)

Age Lower Estimated Reference
Reference Average Nutrient
Nutrient Requirement Intake
Intake
0-3 months 0.9 ( 15 1.3 ( 20) 1.7 ( 30)
4-6 months 2.3 ( 40) 3.3 ( 60) 4.3 ( 80)
7-9 months 4.2 (75) 6.0 (110) 7.8 (140)
10-12 months 4.2 (75 6.0 (110) 7.8 (140)
1-3 years 3.7 ( 65) 5.3 (95 6.9 (120)
4-6 years 3.3 ( 60) 4.7 ( 80) 6.1 (110)
7-10 years 4.7 ( 80) 6.7 (120) 8.7 (160)
11-14 years (males) 6.1 (110) 8.7 (160) 11.3 (200)
(females) 8.0 (140)** 11.4 (200)** 14.8 (260)**
15-18 years (males) 6.1 (110) 8.7 (160) 11.3 (200)
(females) 8.0 (140)** 11.4 (200)** 14.8 (260)**
19-50 years (males) 4.7 ( 80) 6.7 (120) 8.7 (160)
(females) 8.0 (140)** 11.4 (200)** 14.8 (260)**
50+ years 4.7 ( 80) 6.7 (120) 8.7 (160)

*1 umol =55.9 ug

**The distribution of iron requirements in women of childbearing age is skewed as shown below
and these DRVs exclude those with high menstrual losses resulting in iron requirement above point
a, 2 sd above the EAR which is set at the 75th centile. For those women iron intakes should be
increased and the most practical way of achieving this would be to take iron supplements.

LRNI EAR RNI

mean losses are 30 ml and 44 ml respectively. Assuming a Hb concentration of
13 g/100 ml, with the mean blood loss of 44 ml, the calculated loss of
endogenous Fe is about 19.8 mg which on a 28 day cycle averages 0.7 mg/d.
This is additional to Fe losses of 0.86 mg/d from other routes (see para 28.3.1).
Assuming 15 per cent absorption gives a mean requirement of 10.4 mg
(190 umol)/d. Similarly the 95th centile of blood loss of 118 ml represents
1.90 mg Fe/d giving a dietary requirement of 18.4 mg (330 umol)/d. However,
these calculations do not take into account the possibility of higher efficiency of
absorption and lower Hb concentrations which may offset Fe losses among
women with high menstrual losses. In the UK the average Fe intake among
women aged 18-49 years is 12.1 mg/d of whom 5 per cent had Hb levels of less
than 110 g/L and 17 per cent had serum ferritin levels of less than 13 ug/L18.
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The DRVs assume a Gaussian distribution (see para 1.3.8) but menstrual blood
losses are highly skewed (see Table 28.2). Therefore the Panel decided that the
75th centile of blood losses of 52.4 ml per period was appropriate for
calculating the EAR. Using the above calculation procedure gives an EAR of
11.4 mg (200 pmol)/d. Allowing 2 sd each side of the EAR gives an LRNI of
8.0 mg (140 ymol)/d and an RNI of 14.8 mg (260 ymol)/d. The Panel
acknowledged that this RNI might not meet the requirements of approximately
10 per cent of the women with the highest menstrual losses and for these women
the most practical way of meeting their high Fe requirements would be to take
iron supplements.

28.3.5 Pregnancy The requirement of Fe for the products of conception
have been estimated to be 680 mg (12 mmol)!®. Ideally all women of child-
bearing age should have sufficient stores to cope with the metabolic demands
made by pregnancy which can be met without further increase because of
cessation of menstrual losses and by the mobilisation of maternal stores and
increased intestinal absorption2°. However, when iron stores are inap-
propriately low at the start of pregnancy, supplementation with Fe may be
necessary.

28.3.6 Lactation Reported Fe concentrations in breast milk are 0.4 mg
(7 pmol)/L during weeks 6-8 post-partum, falling to 0.29 mg (5 pmol)/L
during weeks 17-2221. Assuming that the volume of milk produced per day is
850 ml, this amounts to 0.25-0.34 mg/d (5-6 pmol/d). This Fe secretion may
be offset by lactational amenorrhoea.

28.3.7 Blood donors Information supplied by the National Blood Transfu-
sion Service indicates that regular blood donors, who give blood at intervals of
not less than 6 months, are able to replenish their own Fe stores. This is
probably achieved by an increased efficiency of absorption and therefore
higher Fe intakes are probably not necessary. However, more frequent
donations, particularly by women of child-bearing age, may warrant a higher
Fe intake to maintain adequate Fe status.

28.4 Intakes The most recent figures from the National Food Survey
indicate that the Fe content of food obtained for consumption at home in 1988
averaged 10.9 mg (0.2 mmol)/person/d22. Adult Fe intakes in Great Britain
averaged 14.0 mg (250 pmol)/d and 12.3 mg (220 pmol)/d among men and
women respectively!8. For women intakes from foods only averaged 11.6 mg
(200 pmol)/d while for those taking Fe supplements intakes from these
supplements averaged 7.5 mg (130 pmol)/d>23.

28.5 Guidance on high intakes Most cases of Fe poisoning occur in children.
The acute toxic dose in infants has been estimated to be approximately 20 mg
(0.4 mmol)/kg, and the lethal dose about 200-300 mg (3.6-5.4 mmol)/kg body
weight24. Individual case reports on poisoning in adults indicate that a 100 g
(1,800 mmol) dose of Fe is lethal2S although survival may be possible with
treatment?6, The inherited disorder, haemochromatosis, estimated to cause
disease in 0.3-0.8 per cent of white people?’, is associated with inappropriately
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high Fe absorption, resulting in a gradual accumulation of Fe in the tissues.
However, it cannot be prevented by dietary treatment alone.

28.6 Research needs More information is needed on the Fe status of
different groups of the UK population, including infants, children and the
elderly. This should be coupled with reliable measures of intake. Particular
attention should be given to the measurement of losses of body Fe, the
determination of physiological requirements for infants, the optimal Fe
fortification to be added to infant formulas and other foods, and the possibility
of undesirable nutritional effects of high Fe concentration due to interactions
with other micronutrients which could result in reduced bioavailability, and the
formation of free radicals. Short and long-term adaptive responses to diets of
differing Fe levels and absorbabilities need to be demonstrated along with the
health and socio-economic consequences of Fe deficiency, including psychomo-
tor development and behaviour in children. The role of Fe in modifying
immune function requires further evaluation.
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29. Zinc

29.1 Function and Essentiality Zinc (Zn) is present in all tissues. It is an
essential component of a number of enzymes in which it has structural,
regulatory, or catalytic roles!. Additionally, it has a structural role in a number
of non-enzymic proteins for example in maintaining the aggregation of the
presecretory insulin granules and, possibly, in maintaining the configuration of
mammalian gene transcription proteins, and the integrity of biomembranes.
Thus, either directly or indirectly, Zn is involved in the major metabolic
pathways contributing to the metabolism of proteins, carbohydrates, energy,
nucleic acids and lipids. Early features of deficiency include growth retarda-
tion, and defects of rapidly dividing tissues such as skin, intestinal mucosa, and
the immune system.

29.2 Metabolism The adult human contains approximately 2 g (31 mmol)
Zn, of which about 60 and 30 per cent respectively are in skeletal muscle
(30-50 mg/kg) and bone (100-200 mg/kg), and 4-6 per cent is present in skinZ2.
Since Zn turnover in these tissues is slow, these depots do not provide a reliable
source of the element at times of deprivation, unless there is an increased
turnover of the tissue, such as during catabolism, when Zn is released
adventitiously and is available for use in other tissues. Conversely, since Zn is
essential for the synthesis of lean tissue, it is when this is occurring, rather than
when tissue is being broken down, that it may become a limiting nutrient. As a
general rule it is assumed that the body has no specific Zn reserve and that it is
dependent on a regular dietary supply of the element. The best dietary Zn
sources are red meats. The amount from plant sources varies. Unrefined cereals
contain Zn in sufficient amounts to offset the limited bioavailability of the
metal. White flour is a poor Zn source3.

29.3 Homeostasis Zinc is absorbed throughout the gut but, since there is a
large enteropancreatic circulation of the element, net intestinal absorption
occurs in the distal small intestine. Many factors affect bioavailability (see
Annex 8) but regulation of faecal losses is important in systemic Zn homeo-
stasis2-4. With inappropriately high Zn intakes homeostasis of the element is
achieved by sequestation in the mucosal cells by metallothionein, a cysteine rich
protein.

29.4 Requirements

29.4.1 Adults The assessment of Zn requirements in adults has been
approached on the basis of determining basal losses during metabolic studies of
deprivation, the turnover time of radiolabelled endogenous Zn pools, deduc-
tion from metabolic studies of patients receiving total parenteral nutrition, and
factorial analyses. None are ideal but all indicate that in order to avoid
disturbed metabolism of other nutrients the systemic needs are 2-3 mg/d
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(30-46 pmol/d). On a factorial basis, using assorted data on basal faecal and
urinary losses, and on losses via skin, hair and, where appropriate, semen or
menstruation, it has been estimated that minimal losses are in the order of 2.2
and 1.6 mg/d (30 and 20 pmol/d) in men and women respectively3-5. Assuming
a 30 per cent absorptive efficiency these figures translate to EARs of 7.3 and
5.5 mg/d (110 and 85 umol/d). Assuming a normal distribution RNIs are 9.5
and 7.0 mg/d (145 and 110 gmol/d) and LRNIs are 5.5 and 4.0 mg/d (85 and
60 pmol/d) respectively (Table 29.1).

29.4.2 Infants In the absence of better information, daily Zn requirements
for infants and children have been calculated factoriallys. Growth increments
have been estimated on the basis of growth progressing along the 50th centile
and on a lean tissue Zn content of 30 mg (0.5 mmol)/kg. Urine and sweat losses
were taken as 10 and 20 pg (0.15 and 0.30 pmol)/kg/d respectively and faecal
losses as 77 pg (1.2 pmol)/kg/d. This gives a daily requirement of 1.0 mg
(15 pmol/d) which, when adjusted to allow for 30 per cent efficiency of
absorption from formulas, represents an EAR of 3.3 mg (50 umol)/d. Allow-
ing for a notional 2 sd the RNI is 4 mg (60 ymol)/d. The LRNI has been based
on an absorptive efficiency of 50 per cent.

Table 29.1 Dietary Reference Values for Zinc mg/d (umol/d*)

Age Lower Estimated Reference
Reference Average Nutrient
Nutrient Requirement Intake
Intake
0-3 months 2.6 (40) 3.3 ( 50) 4.0 ( 60)
4-6 months 2.6 (40) 3.3 ( 50) 4.0 ( 60)
7-9 months 3.0 (45) 3.8 ( 60) 5.0 ( 75)
10-12 months 3.0 (45) 3.8 ( 60) 5.0 ( 75)
1-3 years 3.0 45) 3.8 ( 60) 5.0 ( 75)
4-6 years 4.0 (60) 5.0 ( 75) 6.5 ( 100)
7-10 years 4.0 (60) 5.4 ( 80) 7.0 ( 110)
Males
11-14 years 5.3 (80) 7.0 (110) 9.0 ( 140)
15-18 years 5.5 (85) 7.3 (110) 9.5 ( 145)
19-50 years 5.5 (85) 7.3 (110) 9.5 ( 145)
50+ years 5.5 (85) 7.3 (110) 9.5 ( 145)
Females
11-14 years 5.3 (80) 7.0 (110) 9.0 ( 140)
15-18 years 4.0 (60) 5.5 ( 85) 7.0 ( 110)
19-50 years 4.0 (60) 5.5 ( 85) 7.0 ( 110)
50+ years 4.0 (60) 5.5 ( 85) 7.0 ( 110)
Pregnancy No increment
Lactation:
0-4 months +6.0 (+90)
4+ months +2.5 (+40)

1 pmol =65.4 pug
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29.4.3 Children For children over one year of age RNIs have been based on
interpolated basal losses from adults and calculated increments for growth. The
values were calculated on the basis of a 30 per cent absorption. Future research
will probably show that these estimates are generous.

29.4.4 Pregnancy There is evidence that extra Zn is required during preg-
nancy. The additional Zn accumulated during the last trimester of gestation is
0.78 mg (12 pmol)’, so given a physiological and systemic need of 2.0 mg
(31 pmol) and absorptive efficiencies of 20-50 per cent, the dietary require-
ments of late pregnancy would be 5.6-14.0 mg/d (85-210 pmol/d). Since
studies have shown no increase in customary daily Zn intake by pregnant
women and no benefit from Zn supplements3, it is considered probable that in
healthy women metabolic adaptation ensures an adequate transfer of Zn to the
fetus.

29.4.5 Lactation Additional Zn requirements for lactation have been com-
puted on the basis of a daily milk volume of 850 ml and on a total daily milk Zn
secretion of 2.13 mg (33 umol) in the initial 4 months of lactation and 0.94 mg
(14 umol) thereafter; as yet insufficient data are available to enable any
allowance for maternal adaptation increasing the bioavailability of dietary Zn
during lactation.

29.5 Intakes Many studies of Zn intake show a wide range which probably
reflect daily variations in intake and the short periods over which the intakes
were assessed. Nonetheless most studies indicate average intakes of 9-12 mg/d.
In the Dietary and Nutritional Survey of British adults, mean Zn intakes were
11.4 and 8.4 mg/d by men and women respectively®. Daily intakes of pregnant
women in the UK are similar to those of non-pregnant women estimated at
9.1 mg/d in women on mixed diets and 7.5 mg/d in North East London Asians
and 10.2 mg/d in vegetarians and non-vegetarians’.

29.6 Guidance on high intakes Gross Zn toxicity may arise from acute
ingestion of water which has been stored in galvanised containers, or the use of
such water for renal dialysis. Symptoms such as nausea, vomiting and fever
develop after acute ingestion of 2 g (31 mmol) Zn or more. However, of greater
concern is the effect of chronic ingestion of high Zn levels. Prolonged exposure
to large amounts 75-300 mg/d (1.15-4.59 mmol/d) have been associated with
features of copper deficiency such as microcytic anaemia, and neutropenia. In
short term studies 50 mg (0.76 mmol) of Zn daily interfered with metabolism of
both iron and copper!0. The development of these effects probably depends on
both the relative molar ratios of the elements involved and on their absolute
amounts. It is not known at present whether or not long term adaptation in the
metabolism of metals will compensate for the interactions.

29.7 Research needs There is a need to understand further the metabolism
and function of Zn and to develop more reliable means of assessing status,
determining physiological requirements and consequently the required dietary
intakes needed to meet these.
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30. Copper

30.1 Function and essentiality Copper (Cu) is a component of many
enzymes, including cytochrome oxidase, and superoxide dismutase (Cu/Zn
SOD)!. Synthesis of a range of neuroactive amines and peptides (eg cate-
cholamines and enkephalins) also involves Cu enzymes. Features of Cu
deficiency in infants and the young include leucopenia and skeletal fragility?2
and increased susceptibility to respiratory tract and other infections®. Anaemia
may develop if deficiency is prolonged and severe. Apart from neutropenia,
such signs are seen rarely. Studies with adults suggest that early features of Cu
deficiency can include defects in cardiovascular function4-S.

30.2 Bioavailability The factors affecting Cu bioavailability are not under-
stood (see Annex 8), but it ranges between 35 and 70 per cent and appears to be
lower in the elderly than in the young. The bioavailability of Cu from milk-
based formulas is approximately 50 per cent’.

30.3 Requirements There are no adequate data on human Cu requirements
and the Panel were unable to derive EARs or LRNIs with sufficient confidence.
Nevertheless sufficient data for infants and from biochemical changes in adults
associated with varying Cu intakes were available on which to base RNIs (table
30.1).

30.3.1 Infants The full-term infant has larger Cu stores than at other stages
of development, the liver typically containing 8 mg (130 pmol). Copper status
of the term infant probably begins to be influenced by dietary intake at 4-8
weeks. Requirements have been calculated factorially on the basis of a tissue Cu
content of 1.38 ug (0.02 pmol)8, and an adjustment to allow for a possible loss
of endogenous Cu®. Assuming an absorptive efficiency of 50 per cent’ infant
RNIs approximate to 47, 39 and 36 pg/kg/d (0.7, 0.6 and 0.6 umol/ug/d) in
successive 3 months periods of infancy.

30.3.2 Children The RNIs were interpolated from 36 ug (0.6 umol)/kg/d at
9 months to 27 ug (0.4 pumol)/kg/d at 3 years, 25 ug (0.4 pmol)/kg/d at 4 years,
19 pg (0.3 pmol)/kg/d at 14 years, and 17 ug (0.3 pmol)/kg at 15 years.

30.3.4 Adults Review of published balance data suggested that balance can
be achieved on intakes of 1.2 mg (19 umol)/d (Mills C F, personal communi-
cation). Features concomitant with Cu deprivation such as declines in SOD and
cytochrome oxidase activities, and altered metabolism of enkephalins have
been detected at intakes of 0.8-1.0 mg/d (13-16 pmol)/d. An RNI of 1.2 mg
(19 pmol)/d was therefore proposed for adults which is approximately 17 ug
(0.3 pmol)/kg/d (Table 30.1).
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Table 30.1 Dietary Reference Values* for Copper mg/d

(umol/d**)
Age Reference
Nutrient
Intake
0-3 months 03 ( 95
4-6 months 0.3 ( 95)
7-9 months 03 ( 95
10-12 months 0.3 ( 5)
1-3 years 04 ( 6)
4-6 years 06 (9
7-10 years 0.7 ( 11)
11-14 years 0.8 ( 13)
15-16 years 1.0 ( 16)
18-50 years 1.2 ( 19)
50+ years 1.2 (19)
Pregnancy No increment
Lactation +0.3 (+5)

*No Estimated Average Requirements or Lower Reference
Nutrient Intakes have been derived for Copper.
**] pmol=63.5 ug

30.3.5 Pregnancy The estimated requirements for the products of concep-
tion amount to 0.033, 0.063 and 0.148 mg/d (0.5, 1.0 and 2.3 pmol/d) for first,
second and third trimesters respectively!©, which can probably be met by the
mother’s adaptive responses.

30.3.6 Lactation Assuming a milk secretion of 850 ml milk/d with a Cu
content of 0.22 mg (3.5 pmol)/L!! and 50 per cent absorption, the increment
required for lactation is 0.38 mg (6 umol)/d.

30.4 Intakes Estimated Cu intakes by infants were 0.3, 0.45 and 0.59 mg/d
(5, 7 and 9 umol/d) at 3, 6 and 9 months of age respectively!2. The average
household Cu intake estimated from the NFS by Lewis and Buss was 1.25 mg/
person/d plus 0.26 mg/person/d available in some instances from alcoholic
drinks and confectionery!3. Scottish pregnant women consumed 1.5 mg/d!4.
Mean Cu intakes of men and women in the Dietary and Nutritional Survey of
British Adults were 1.63 and 1.23 mg/d respectively!5.

30.5 Guidance on high intakes High intakes of copper are toxic but chronic
Cu intoxication has not been reported in the UK. However in the USA and West
Germany Cu toxicity has been associated with water contaminated with over
1.6 mg (25 pmol)/L16,

30.6 Research meeds The Panel recommended further research on the
significance of Cu deficiency in the UK in relation to cardiovascular disease,
blood pressure and metabolism of neuroactive catecholamines and peptides.
Further work on the functions of copper in humans is necessary and the
development of diagnostic indices of Cu status.
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31. Selenium

31.1 Functions and essentiality Selenium (Se) is an integral part of the
enzyme glutathione peroxidase (GSHPx), one of the mechanisms whereby
intracellular structures are protected against oxidative damage!. Selenium
deficiency results both in a decrease in GSHPx activity and in GSHPx protein2.
GSHPx activity in blood and other tissues is linearly related to Se concen-
trations up to a level of 100 ng/ml in whole blood3. Other selenoproteins have
been isolated from mammalian tissues and of particular interest is the role of Se
in the hepatic microsomal deiodination of thyroxine4. Between 55 and 65 per
cent of dietary Se is absorbed and the major route of excretion is in the urine,
which reflects dietary intakes, as do levels in tissues and blood. Thus the Se
‘status’ of people correlates with the amount and availability of Se in their diet
and the local geochemical environment!-3,

31.2 Requirements

31.2.1 Adults Blood Se levels in the UK are just above the value (100 ng/ml)
at which GSHPx activity reaches a plateau’-6 suggesting that current levels of Se
in diets are adequate. No adverse consequences arise from somewhat lower
blood levels of Se or GSHPx which are below saturation’. However, since
intakes that permit functional saturation appear to be the norm in the UK, the
RNI has been established at a level to maintain this, at 1.0 gg (13 nmol)/kg
(table 31.1). Supplementation studies using DL selenomethionine show that in
Chinese males saturation of GSHPx can be acheived on an intake of about
41 pg/d8. On a body weight basis this would correspond to 50 ug/d in a UK
male. However, no evidence of deficiency is seen in populations with intakes of
40 ug/d’. Since the Se responsive cardiomyopathy, Keshan Disease, is not seen
in populations with mean intakes of 19 pg/d (equivalent to 23 ug/d in a UK
male)®, and given the considerable functional reserve at low GSHPx satura-
tions?, the Panel considered 40 pg/d a suitable LNRI. There is insufficient
evidence to suggest that smoking or the use of oral contraceptive agents increase
the requirement for Se. Neither is there any convincing evidence that high
intakes protect against cancer or cardiovascular disease3.

31.2.2 Pregnancy and Lactation Women should have an adequate Se intake
prior to becoming pregnant and since adaptive changes in the metabolism of Se
occur during pregnancy!?, no advantage is seen in recommending extra Se at
this time. Concentrations of Se in colostrum vary from 15 to 80 ng/ml and fall
during the first month of lactation to about 8-30 ng/ml, remaining relatively
constant thereafter. To maintain infant serum at about 70 ng/ml (whole blood
of about 80 ng/ml) a daily intake from breast milk of about 8-10 ng/g is
necessary!!. Human milk from the UK has been reported to contain
10-20 ng/ml!2. In the absence of more specific data, a possible extra require-
ment during lactation has been calculated on the basis of milk with a Se content
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Table 31.1 Dietary Reference Values* for Selenium pg/d (umol/d**)

Age Lower Reference
Reference Nutrient
Nutrient Intake
Intake
0-3 months 4 ( 0.1) 10 ( 0.1)
4-6 months 5( 0.1) 13 ( 0.2)
7-9 months 5( 0.1) 10 ( 0.1)
10-12 months 6 ( 0.1 10 ( 0.1)
1-3 years 7( 0.1) 15 ( 0.2)
4-6 years 10 ( 0.1) 20 ( 0.3)
7-10 years 16 ( 0.2) 30 ( 0.4)
11-14 years 25 ( 0.3) 45 ( 0.6)
Men
15-18 years 40 ( 0.5) 70 ( 0.9
19-50 years 40 ( 0.5) 75 ( 0.9
50+ years 40 ( 0.5) 75 ( 0.9)
Women
15-18 years 40 ( 0.5) 60 ( 0.8)
19-50 years 40 ( 0.5 60 ( 0.8)
50+ years 40 ( 0.5) 60 ( 0.8)

Pregnancy No increment — =

Lactation: +15 (+0.2) +15 (+0.2)

*No Estimated Average Requirements have been derived for Selenium.
**1 pmol =79 pg

of about 12 ng/ml and 60 per cent absorption. This gives an increment in intake
of about 15 ug (0.2 umol)/d.

31.2.3 Infants At birth, blood Se levels resemble those in adults but then fall
to a minimum by about 3 months before increasing to reach adult levels at 1-3
years. Breast-fed infants receive 5-13 ug/d (60-160 nmol/d). Intakes from
formula are generally low, only 2-4 ug/d and the trend in blood concentrations
reflects methods of infant feeding!3.14. In models Se appears to be less well
absorbed from infant formulas than from human milk!5. For non-breast fed
infants the RNI has been set at 1.5 ug/kg at 4-6 months and 1.0 ug/kg at 7-12
months with an allowance for growth of 0.2 ug/kg weight gain.

31.2.4 Children Selenium nutrition has not been extensively investigated in
children. In the UK, blood Se levels were found to be about 80 per cent of UK
adult levels at 1 year, increasing to adult values by 3 years and remaining
relatively constant thereafter!4. Similar trends have been reported in New
Zealand and West Germany. The RNI has been calculated on a body weight
basis from the adult figure, with an additional requirement for growth set at
0.2 ng/g weight gain.
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31.3 Intakes Selenium is present in foods mainly as the amino acids
selenomethionine and selenocysteine and derivatives. Estimation of adequate
Se intake is helped by the recognition of clinical disease with the extremes of
naturally occurring dietary intakes of Se. In China, intakes of Se less than 12 ug
(0.15 pmol)/d are associated with an increased incidence of an endemic Se
responsive cardiopathy (Keshan Disease). However in New Zealand and
Finland where habitual intakes are 15-40 ug/d (0.2-0.5 umol/d) no Se respon-
sive disease has been identified!-3. In Southern England Se intakes approximate
65 pg (0.8 pmol)/d!6. Cereals, meat and fish contribute the bulk of Se to the
diet with cereals providing about 50 per cent of this!2:16,

31.4 Guidance on high intakes Evidence of disturbed Se homeostasis occurs
at intakes above 750 pg (9.5 pmol)/d!7, and early nail dystrophy has been
observed in adults ingesting 900 ug (11.4 pmol)/d. Thus, given the absence of
any demonstrable benefit from exceeding intakes much lower than these3, the
Panel recommended that the maximum safe Se intake from all sources should
be 450 pg (5.7 pmol)/d for adult males, corresponding to 6 ug/kg/d.
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32. Molybdenum

32.1 Function and essentiality Molybdenum (Mo) is essential for the
enzymes xanthine oxidase/dehydrogenase, aldehyde oxidase and sulphite oxi-
dase which are involved in the metabolism of DNA and sulphites!.

32.2 Requirements Functional defects that were responsive to Mo devel-
oped in adults fed 25 pg (0.3 pmol*)/d2. Hamilton and Minski (1972) reported
a mean intake of 128 ug/d from typical UK diets3. For other countries intakes
of ostensibly healthy subjects have been reported to be 44-460 pg/d for USA
adults, 48-96 ug/d for New Zealand, 44-260 ug/d for Sweden! and 120 pug/d
for Finland4. Therefore the Panel set no RNIs but safe intakes are believed to lie
between 50 and 400 ug/d (0.5 and 4 umol/d) for adults. On evidence from
infants who were breastfed intakes between 0.5 and 1.5 pg/kg/d should be
appropriates. In the absence of other evidence the Panel suggested similar safe
intakes for children up to 18 years of age.

32.3 Guidance on high intakes High dietary Mo intakes (10-15 mg/d:
142-214 ng/kg/d) may be associated with altered metabolism of nucleotides®,
and with impaired copper bioavailability!.

32.4 References

1 Mills C F, Davis G K. Molybdenum. In: Mertz W, ed. Trace elements in Human and Animal
Nutrition. Fifth Edition, Vol 2. New York: Academic Press, 1986; 429-461.

2 Chiang G, Swenseid M E, Turnlund J. Studies of biochemical markers indicating molybdenum
status in humans. FASEB J 1989; 3: Abstr No 4922.

3 Hamilton E I, Minksi M J. Abundance of the chemical elements in man’s diet and possible
reactions with environmental factors. Sci Total Envir 1972, 1: 341-375.

4 Varo P, Koivistoinen P. Mineral element composition of Finnish foods. Acta Agric Scand 1980;
22 (Suppl): 165-171.

5 Casey C E, Neville M C. Studies in human lactation. 3 Molybdenum and nickel in human milk
during the first month of lactation. Am J Clin Nutr 1987; 45, 921-926.

6 Kovalskii V V, Iarovaia G A, Shmavonjan D M. Modification of human and animal purine
metabolism in conditions of various molybdenum bio-geochemical areas. Zh Obshch Biol
1961; 22: 179-191.

*1 pmol =95.9 ug

178



33. Manganese

33.1 Function and Essentiality Manganese (Mn) is a component of enzymes
such as pyruvate carboxylase, mitochondrial superoxide dismutase and
arginase, and it also activates many other enzymes eg hydrolases, glycosyl
transferases, kinases, prolinase and phosphotransferases!. The body contains
12-20 mg (0.2-0.4 mmol*) of Mn, most of which is intracellular. About 25 per
cent of this is in the skeleton and is relatively immobile. Highest concentrations
are found in the pancreas and liver. Absorption occurs throughout the length of
the small intestine but the efficiency is reportedly low, and there is as yet no
evidence on how it alters with Mn deprivation or excess. Systemic Mn
homeostatis is achieved principally through hepato-biliary and intestinal secre-
tion. Studies in animal models, and preliminary studies in human infants,
suggest that in the early postnatal period intestinal uptake and whole body
retention is increased. This appears to be a consequence of an efficient intestinal
uptake and transfer of the element and reduced hepato-biliary secretion2.

33.2 Requirements Human Mn deficiency has not been observed other than
in two experimental studies only one of which was part of a systematic study of
Mn metabolism. It would seem therefore that current population intakes are
adequate3. Recourse to this pragmatic approach of determining DRVs is
further enforced because the lack of adequate data on body composition data
and of detailed studies of turnover and metabolism. The Panel therefore set no
RNIs but safe intakes are believed to lie above 1.4 mg (26 pmol)/d for adults
and above 16 pg (0.3 umol)/kg/d for infants and children.

33.3 Intakes Total Mn intakes in Britain were estimated at 4.6 mg
(84 pmol)/person/d of which half was derived from tea*. Observed mean
dietary Mn intakes in the UK include 5.5 mg and 3.3 mg/d in pregnant and
non-pregnant women> and 60 ug/kg/d in children aged 3 months to 8 years®.
The calculated total Mn output in human breast milk during the first three
months postpartum is 1.9 pg/d and 1.6 ug/d in the ensuing three months?.
Healthy term infants fed a formula based on cow’s milk had intakes of 28-42,
16-24 and 18-32 ug/kg/d at 1, 2 and 3 months of age with respective mean
maximum retentions of 7.7, 6.1 and 8.0 ug8. Older infants on mixed weaning
diets have intakes of 71 ug (1.3 pmol)/kg/d and 8 pug (0.2 pmol)/kg/d at 6 and
12 months?.

33.4 Guidance on high intakes Manganese is one of the least toxic of all
elements because when excess is consumed absorption is very low and that
which is absorbed is efficiently excreted via the bile and kidneys!©. Toxic

*1 mmol =55 mg
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reactions in man have only been reported in miners exposed to Mn ores, but

these were attributed to continuous absorption from dust in the lungs rather
than from the intestine!1.12,
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34. Chromium

34.1 Function and essentiality Chromium (Cr) appears to function biolog-
ically in an organic complex which potentiates the action of insulin!-2. It may
also participate in lipoprotein metabolism and in maintaining the structure of
nucleic acids, and in gene expression3. The cationic trivalent form (Cr III) is
biochemically active, whereas anionic hexavalent Cr VI is metabolised differ-
ently and is more toxic. The two forms are inter-convertible and both are found
in tissues*. Gross Cr deficiency has not been seen in humans except for some
patients on long term parenteral nutrition5.

34.2 Sources of chromium Because of inadequate analytical techniques and
possible Cr contamination, values published prior to 1980 should be viewed
with caution. Foods with a high Cr content include brewers’ yeast, meat, whole
grains, legumes and nuts. Highly refined foods are reported as being low in Cr
and sugars may stimulate urinary Cr excretion®.

34.3 Requirements There are no reliable objective measures of Cr deficiency
but deficiency symptoms have been reported on intakes of 6 ug (0.12 pmol*)/d
which can be prevented by an intravenous supplement of 20 ug (0.38 pmol)/d’.
Using regression equations, the theoretical requirement from balance studies
for adults is 23 ug (0.38 pmol) and range from 25 to 30 pg/d (0.5-0.6 pmol/d).
The Cr content of breast milk ranges from 0.06-1.56 ng/ml8. On an intake of
breast milk of 850 ml/d, the estimated Cr intake for infants would be
51-1326 ng/d. In adults observed intakes vary from 13 to 49 png/d®-11 and in
the elderly from 27 to 61 ug/d!2-13, The Panel set no RNIs but a safe and
adequate level of intake is believed to lie above 25 pg (0.5 pmol)/d for adults
and between 0.1 and 1.0 ug/kg/d (2 and 19 nmol/kg/d) for children and
adolescents.

34.4 Guidance on high intakes No adverse effects have been noted from
Cr III but intakes of 19.2-38.5 mmol/d (1-2 g/d) of the hexavalent form can
cause renal and hepatic necrosis!4.15,
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35. lodine

35.1 Function and essentiality Iodine (I) forms part of the hormones
thyroxine (T,) and triiodothyronine (T;), which are necessary for the mainten-
ance of metabolic rate, cellular metabolism and integrity of connective tissue.
In the fetus I is necessary for the development of the nervous system during the
first three months of gestation; infants born to severely deficient mothers are
likely to suffer from cretinism?.2. Iodine deficiency is now rare in the UK, but is
still common in many areas in the world, including some parts of Europe3.

35.2 Metabolism Inorganic I is efficiently absorbed from normal diets.
Excretion is mainly via the urine4. Iodide ions are concentrated by the thyroid
and to a lesser extent by the salivary and gastric glands. Apart from these glands
iodide ions are equally distributed throughout body tissues and form the
‘“‘iodide pool’’. About 20 per cent of I in blood is in the form of iodide, and
levels do not vary significantly with different thyroid states. Goitrogens such as
thiocyanates and perchlorates interfere with I uptake by the thyroid. The
quantities of Ca, F, Mg, and Mn ions in hard water may be goitrogenic.
Brassicas, cassava, maize, bamboo shoots, sweet potato and lima beans contain
goitrogenic cyanoglucosides, but in the UK these foods are only likely to be
important where they are consumed in conjunction with a diet low in I5.

35.3 Sources of iodine Iodine occurs in foods largely as inorganic iodides or
iodates. Milk has become a major source of I in the UK as the I content of cow
milk has risen during recent years from 23 to 104 pg/kg (0.2-0.8 pumol/kg) in
1965 to between 30 and 280 ug/kg (0.2-23 umol/kg) in 19856. The reasons for
this rise are the increase in I in the environment from adventitious sources such
as I-supplemented cattle feed, particularly during the winter months, the use of
iodinated casein as a lactation promoter in cows, and the contamination of milk
from teat dips containing iodophors as sterilising agents?. The amount of I in
human milk has also increased over the last 50 years and correlates with
increases in intake. Seafoods are rich sources, with some dried seaweed
preparations containing up to 5,000 ug (40 umol)/kg. Sea fish may contain up
to 1,200 ug (10 pmol)/kg. Foods containing the red dye erythrosine also
contain large amounts of I, but this is in a bound form and the bioavailability
from this source is reported to be between 1 and 5 per centS.

35.4 Requirements

35.4.1 Adults A urinary I excretion of less than 50 ug/g creatinine is usually
associated with a high incidence of goitre in a population®.°. There are no data
on I requirements and the Panel did not calculate an EAR. Nevertheless in
adults an intake of 70 ug/d appears to be the minimum necessary to avoid signs
of goitre in a population!0-11, Increasing I intake from 100 to 500 ug/d made no
difference to the incidence of goitre in one study®. The level of I in the thyroid
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gland has been shown to be normal at I intakes of 100 ug/d, and showed no
further increase at intakes of up to 300 pg/d!2. The minimum I requirement is
therefore about 70 ug (0.6 umol)/d for adults and the Panel made this the
LRNI. In order to provide a margin of safety and to allow for the possible
effects of different dietary patterns the Panel has set the RNI at 140 pug
(1.1 pmol)/d (Table 35.1).

35.4.2 Infants and children Some children have been reported as receiving
human milk containing 30-40 ug/L without signs of I deficiency!3 and, in order
to allow a margin of safety, a value of 50 ug/d has been taken as the RNI for the
young infant. It is not possible to extrapolate RNIs for older infants and
children from those estimated for adults on a weight basis, since this would
result in values similar to those estimated in areas with a high incidence of
goitre. RNIs and LRNIs have therefore been extrapolated from adult values
using EARs for energy, which being based on BMR have a weight component.

35.5 Intakes Inmost European countries dietary intakes of I are in excess of
requirements. Average intake in the UK was calculated from the Total Diet
Study as 255 pg (2 umol)/person/dS. In the Dietary and Nutritional of Survey
of British Adults mean I intakes were 243 and 176 pg/d for men and women
respectively!4. In the United States daily intakes of infants were assessed in 1982
and 1984 at 200 pg and 140 ug respectively; for small children the values were
460 and 160 ug and for teenagers 470-710 pg and 210-360 pg/d!5.

35.6 Guidance on high intakes High I intakes can cause toxic modular goitre
and hyperthyroidism. Few cases of toxicity have been reported in people with

Table 35.1 Dietary Reference Values* for Iodine pg/d (umol/d**)

Age Lower Reference
Reference Nutrient
Nutrient Intake
Intake
0-3 months (formula fed) 40 (0.3) 50 (0.49)
4-6 months 40 (0.3) 60 (0.5)
7-9 months 40 (0.3) 60 (0.5)
10-12 months 40 (0.3) 60 (0.5)
1-3 years 40 (0.3) 70 (0.6)
4-6 years 50 (0.4) 100 (0.8)
7-10 years 55 (0.4) 110 (0.9)
11-14 years 65 (0.5) 130 (1.0)
15-18 years 70 (0.6) 140 (1.1)
19-50 years 70 (0.6) 140 (1.1)
50+ years 70 (0.6) 140 (1.1)

Pregnancy—No increment

Lactation—No increment

*No Estimated Average Requirements have been derived for Iodine.
**1 pmol =127 pg
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intakes of less than 5,000 ug (40 umol)/d although transient mild effects have
been demonstrated in previously deficient individuals receiving only
150-200 pg/d6. Normal subjects with an intake of 1,000-2,000 ug/d showed
an increased I concentration in the thyroid gland, but no other changes!’. An
intake of 10-20 mg/d in Japanese fisherman resulted in an incidence of iodine
goitre of 6-12 per cent!8. There appears to be a weak relationship between
consistently high I intakes and thyroid cancer. The placenta is permeable to I
and the foetus is more susceptible to I-induced hyperthyroidism than the adult.
Transient hyperthroidism has been reported in neonates following high I
exposure in the mother, particularly in areas of I deficiency!®. Because there
remains a small number of elderly people in the UK who may be sensitive to
high intakes20, the Panel recommended that the safe upper limit on intakes
17 pg (0.1 pmol)/kg be retained?!, or not more than 1,000 ug (8 pmol)/d?2.
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This chapter and the safe intake level have been revised to take account of some
inconsistencies within the previous chapter.

36. Fluoride

36.1 Function and Essentiality No essential function for fluoride (F) has been
proven in humans. However, it forms calcium fluorapatite (3Ca3[PO4]2CaF2) in
tooth and bone and may have a role in bone mineralisation. It protects against dental
caries and assists remineralisation of bone and teeth in pathological demineralising
conditions. An inverse relationship between the prevalence of dental caries and the
fluoride concentration of the drinking water was observed in the 1940s and the
addition of fluoride to the drinking water to a level of 1ppm (1mg/l) leads to a
decrease in the prevalence of caries (for review see 1-2). A compilation of 113 water
fluoridation studies, from all over the world, found that artificial water fluoridation is
effective in reducing caries experience by approximately 50%, regardless of climate,
race or social conditions2. ’

36.2 Requirements Ionic fluoride is rapidly and nearly completely absorbed
passively from the stomach but protein-bound organic fluoride is less bioavailable3.
As there does not appear to be a physiological requirement for fluoride, the Panel set
no RNI. Nevertheless, because of its role in the prevention of dental caries, the Panel
endorses the recommendation for the continued fluoridation of water supplies to
achieve levels of 1ppm.

36.3 Intakes Total fluoride intakes depend on the concentration of fluoride in the
water supplies. However, only about 10% of the UK population receives a water
supply which has either been fluoridated or has a naturally occurring fluoride content
ator around 1 ppm. The MAFF Total Diet Study has estimated that adults had a mean
intake of 1.82mgF/d in non-fluoridated water areas or 2.90mgF/d in fluoridated
water areas, assuming an average consumption of 1.1L water daily4. Tea contains
high concentrations of fluoride and provides 70% of the average fluoride intake.
Extreme tea consumers drinking tea made from fluoridated water may reach intakes
of 12mg/day>. A study of adolescents in the UK estimated from dietary records that
the intake of fluoride from drinks (water, soft drinks and tea) was 0.96mg/d6.

36.4 The concentration of fluoride in breast milk is low and ranges from
5-25ug/L! (0.26-1.3umol/L)?. The consumption of fluoride by infants aged six
months to one year and fed with a British milk formula reconstituted with
unfluoridated water has been estimated to be 0.010-0.012mg/kg body weight/d8.
Consumption of drinking-water fluoridated to a concentration of 1ppm results in a
daily oral fluoride intake of 0.22mg/kg body weight in a 1 month-old bottle-fed baby
(daily fluid intake 200ml/kg body weight, contributing 0.2mg/kg body weight, and

! 1umol = 19ug
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fluoride from reconstituted feed contributing 0.02mg/kg body weight). The daily
intake per kg body weight falls with increasing age. A child aged 3-4 years,
weighing 15kg, drinking 1 litre of water daily, and ingesting 0.3mg fluoride daily
from food (#) and 0.5mg fluoride daily from toothpaste®, would consume 0.12mg/kg
body weight daily.

36.5 Supplements The British Dental Association recommends fluoride sup-
plements as a protection against dental caries for infants and young children in areas
where the water supply contains less than 0.7 ppm F. The dosage depends on the age
of the child and the level of fluoride in the local water supply (see Table 1)°.

Table 1 Recommended fluoride supplement level (mg/day) depending on age and fluoride
concentration in the drinking water.

Concentration of Fluoride in drinking water

Age <0.3 ppm 0.3-0.7 ppm >0.7 ppm
6 months to 2 years 0.25 0.00 0.00

24 years 0.50 0.25 0.00
4-16 years 1.00 0.50 0.00
(From 9)

36.6 Guidance on high intakes Excessive fluoride intakes can cause dental
fluorosis and very high intakes can lead to skeletal fluorosis. Dental fluorosis affects
the enamel during the formation of the teeth before they erupt, and can range from
very mild mottling, which is only detectable by close examination of dried teeth in
good light, to severe fluorosis with pitting of the enamel and widespread brown
staining of the teeth. In areas where the water contains 1ppm fluoride, about 10% of
children show some tooth mottling indicative of very mild dental fluorosis'®. More
pronounced mottling is seen in children living in areas where the fluoride concen-
tration is higher. Two surveys have shown that bottle fed infants have a higher
prevalence of mottling and a higher fluorosis index than do breast-fed infants but
they were within the aesthetically acceptable level!1.12, The prevalence of very mild
and mild fluorosis has increased in the USA since the 1940s when water fluoridation
- was introduced but the largest increases have been in non-fluoridated areas’.

36.7 Excessive intakes of fluoride over a prolonged period of time (20-80 mg/d for
10-20 years) can lead to skeletal fluorosis, resulting in ossification of the ligaments
and fusion of the spine (for review, see !). Occupational skeletal fluorosis was most
commonly seen in people working in aluminium production, magnesium foundries,
fluorspar processing and superphosphate manufacture, prior to the introduction of
adequate controls. Endemic, as opposed to occupational, skeletal fluorosis occurs in
parts of the Indian sub-continent, China and Africa but has not been observed in
temperate countries (where the quantity of water drunk is generally lower) with
drinking water concentrations less than 4ppm!3. In an area of the USA where the
water naturally contained 8ppm, radiological and clinical examination of residents
found no evidence of deleterious bone changes from fluoride exposure although
bone thickening was seen in 10-15% of the population!4. Acute toxic doses range
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from 1 to 5 mg/kg body weight; doses exceeding 15 to 30 mg/kg body weight may be
fatalls.

36.8 Safe Intakes A water fluoride concentration of 1ppm contributes substan-
tially to protection against dental caries, without causing cosmetically significant
dental mottling. Therefore fluoride intakes, expressed as mg/kg body weight/day,
associated with this level of water fluoride concentration can be considered safe.
Fluoride intakes in infants and children in unfluoridated areas without supplemen-
tation are below that required for optimal dental health3.

36.8.1 Infants up to 6 months Fluoride intakes of about 0.22mg/kg body weight/
day (0.9mg/day) are found in the first month of life in formula-fed infants in areas
with fluoridated water. This falls to about 0.13mg/kg body weight/day (1.0mg/day)
in 6 month old infants. Intakes of fluoride up to 0.22mg/kg body weight/day in
infants up to 6 months are safe.

36.8.2 Infants and children up to 6 years Fluoride intake per kg body weight falls
with increasing age. Up to 6 years, which is the period of mineralisation of the
crowns of the anterior permanent teeth (ie those that are vulnerable to cosmetically
significant dental mottling), fluoride intakes of up to 0.12mg/kg body weight/day
(1.8mg/day for a child aged 3—4 years; 2.3mg/day for a child aged 5-6 years) are
found in areas with fluoridated water and are not associated with cosmetically
significant dental mottling. Intakes of fluoride of 0.12mg/kg body weight/day in
infants and children between 6 months and 6 years of age are safe.

36.8.3 Children over 6 years and adults After 6 years of age it is no longer
possible for further exposure to fluoride to give rise to cosmetically significant
mottling but the dental benefit from continued exposure persists. An adult weighing
60kg, drinking 1.1 litres of fluoridated water daily, and ingesting 2mg fluoride from
food* would have a daily fluoride intake of 0.05mg/kg body weight (3mg/day). This
exposure is less than those associated with skeletal fluorosis and has not been shown
to be associated with adverse effects. Intakes of fluoride of 0.05 mg/kg body weight
daily in children aged over 6 years and in adults are therefore safe. Consumers of
exceptionally large quantities of tea, in areas with fluoridated water, may have
fluoride intakes several times greater (estimated as up to 12mg/day in a 60kg adult or
0.2mg/kg/day). Fluoride may be less readily absorbed from tea than from water, but
nevertheless the absence of any reports of adverse effects from such exposures in the
UK indicates that there is a further wide safety margin above the more usual intakes
in fluoridated areas.
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37. Other Minerals

37.1 Aluminium Aluminium (Al) comprises approximately 8 per cent of the
earth’s crust, making it the third most common element and the most abundant
metal. It is found in all plants and animals, and levels vary with the amount of
Al available in the environment. Although a number of roles have been
described for the Al+ + + ion in physiological processes, such as an involvement
in the succinic dehydrogenase-cytochrome C system in vitro!, there is no
conclusive evidence that Al performs an essential function in any living species.
Attempts to induce deficiency by providing an aluminium-free environment in
species such as the rat have been unsuccessful.

37.2 Arsenic Arsenic (As) essentiality in humans has yet to be demon-
strated. Although As intake is usually positively related to the quantity of
seafoods in the total diet, much of the element in seafoods is present in the form
of arsenobetaine—a compound which, although readily absorbed, is rapidly
excreted unchanged. Soluble inorganic forms of penta- and trivalent As are
rapidly methylated both within the digestive tract and in tissues but whether
such modification modifies their bioavailability is not known. Typical estimates
of total intake for Europe and USA range from 10 to 30 pg/d
(0.1-0.4 umol)/d*. Arsenic is highly toxic and the WHO/FAO Joint Expert
Committee on Food Additives suggests a provisional maximum tolerable daily
intake of inorganic As of 2 ug/kg body weight. Although no limit was derived
for the consumption of organic As the need for further study of the toxicity of
such forms was emphasised?.

37.3 Antimony There is no evidence that antimony (Sb) is an essential
element. Intakes of 0.25 to 1.25 mg/d (2-10 umol/dt) have been reported for
children in the USA. About 15 per cent of ingested Sb is absorbed, much of
which accumulates in the liver, kidneys, skin and adrenals. Toxic effects include
gastrointestinal symptoms and irregular respiration. Most instances of dietary
Sb poisoning stem from the consumption of soft drinks stored in enamelled
containers3.

37.4 Boron (B) shows binding and structural characteristics intermediate
between metals and non-metals and, like carbon, has a tendency to form double
bonds and macromolecules including complexes with vicinal hydroxyl groups in
organic compounds, many of which are of biological interest (eg sugars,
polysaccharides, adenosine-5-phosphate, pyridoxine, riboflavin, dehy-
droascorbic acid, pyridine nucleotides and steroid hormones). Two fungal

*1 pmol =75 pug
11 pmol =51 pg
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antibiotics have been identified as containing B4. Nielsen has reported that
B-deprivation depressed growth and elevated plasma alkaline phosphatase
activity in chicks fed inadequate cholecalciferol3. However, the role of B in
humans is unknown and the essentiality of B for humans remains to be
demonstrated. There do not appear to be any published studies relating to the
question of B toxicity.

37.5 Bromine The physiological function of bromine (Br) is unclear. Bro-
mide appears to be able to substitute for the chloride ion in some reactions in a
number of species®. There is conflicting evidence as to whether Br is concen-
trated by the thyroid gland in animals and in humansé. There is one reported
study suggesting that deficiency occurs in humans: low serum and brain Br
concentrations were found in haemodialysis patients, due to removal of the
bromide ion by dialysis. Patients complaining of insomnia found that quality of
sleep improved when Br was added to the dialysate’. The evidence for
essentiality in man is very weak, and there are no recommendations for
optimum dietary intakes in any species. Bromine is ubiquitous in the environ-
ment and it is unlikely that any deficiency would occur in humans.

37.6 Cadmium Although animals reared on diets virtually free of cadmium
(Cd) exhibit poor reproductive efficiency and growth, there are no adequate
data to support the essentiality of Cd for humans, and its potential toxicity is of
more concern®®. Human Cd exposure is in evolutionary terms a relatively
recent phenomenon arising from industrial activity and smoking in the past two
centuries. There is no effective homeostatic mechanism for the metal and
relative body content increases steadily throughout life as the element is
sequestered by the cysteine rich protein metallothione in tissues such as the liver
and renal cortex. Systemic Cd deposits have a biological half-life of 15-30
years®. Cadmium reacts both in the intestinal mucosa and systemically with
zinc, copper, manganese and iron. The intestinal transfer of Cd is increased in
models deprived of zinc, iron, Cd and copper!0. However it is not known how
important these interactions are at customary dietary Cd intakes. On the other
hand inhalational Cd exposure by smoking cigarettes during pregnancy is
associated with an increased placental accumulation of Cd and zinc and with
evidence consistent with a reduced delivery of zinc to the fetus and reduced
birth weight!!,

37.7 Caesium There is no evidence that caesium (Cs) is an essential element.
However, it can be present in the environment mainly as the radioisotope
caesium-137 (half-life 30 years). The body deals with Cs in the same way as
potassium, concentrating it in the muscle3. Thus, as the result of radioactive
fallout meat from animals fed on pastures with Cs!37 from this source may be
contaminated.

37.8 Cobalt Cobalt (Co) is an essential trace element but is utilised by man
only in the form of vitamin B,,. Requirements for this nutrient are discussed in
section 13. Average intakes of Co are about 0.3 mg (5 pmol*)/d and the total

*1 pmol =59 pug
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body content about 1.5 mg. When Co salts have been used as a non-specific
bone marrow stimulus in the treatment of certain refractory anaemias, doses of
29.5 mg (500 pmol)/d produced serious toxic effects including goitre, hypo-
thyroidism and heart failure!2, '

37.9 Germanium Germanium (Ge) is not an essential element. It is a
relatively abundant element naturally present in the diet at trace levels of about
1 mg/d which are excreted rapidly and are not harmful. There is no evidence
that Ge has any nutritional value or is otherwise beneficial to health. However,
there is evidence that consumption of Ge at doses of the order of 50 to 250 mg/d
(0.7-3.4 mmol*/d) over periods of 4-18 months can cause serious harm to
health!3 and even death. There are not adequate data to define a safe maximum
intake.

37.10 Lead There have been a small number of studies suggesting that lead
(Pb) may be an essential element in the rat. Deprivation of Pb appeared to result
in poor growth, disturbance of iron metabolism and altered levels of some
metabolitesS. The evidence is far from conclusive for the rat and there is no
evidence that Pb is essential for humans.

37.11 Lithium Lithium (Li) is not of proven essentiality for humans!4.
However, goats deprived of Li develop reproductive inefficiency. The main
focus on Li has been on its pharmacological role in the management of
psychoses and affective disorders. Lithium is absorbed efficiently by the
intestine and is excreted predominantly in the urine. Assessments of dietary Li
intake vary considerably. This may reflect difficulties with analysis of the
element. High Li doses in humans cause interference with metabolism of
glucose, teratogenecity, and hypothyroidism with goitre development. No
pharmacological basis for its therapeutic efficacy in psychoses has as yet been
established other than the concept that Li may alter the distribution of
electrolytes within the brain.

37.12 Mercury Mercury (Hg) is not an essential element. Metallic and
organic Hg are trace contaminants of food. Methyl mercury, entering the food
chain via marine sediments, is a potential problem. It is readily absorbed in the
intestine, and accumulates in the brain. Most foods contain less than 5 ug
(0.02 pmolt)/kg, giving average intakes of Hg of about 2-3 pg/d, but fish such
as tuna may contain up to 1,000 mg (5 mmol)/kg. Toxic effects of Hg appear as
Minamata disease after a pollution incident in Japan in the 1950’s when fish
and shellfish were found to have levels of methyl mercury up to 29 mg
(145 pmol)/kg, resulting in a methyl mercury intake by the local population of
3 mg (15 umol)/d or higher.

37.13 Nickel The biochemical function of nickel (Ni) has not been clearly
defined, but it has been recognised as essential in animals and birds. Deficiency

*1 pmol="72.6 ug
T1 pmol =200.6 ug
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results in depressed growth and haemopoesis. The human requirement for Ni is
unknown and could be as low as 5 ug/d!5. Intakes in the UK are estimated to lie
between 140 and 150 pg/d (2.4 and 2.5 gmol/d*)!6 and there is no indication of
deficiency. Nickel is relatively non-toxic and it has been estimated that the level
of toxicity in humans lies around 250 mg (4.3 mmol)/d?s.

37.14 Silicon Studies with rats and chicks indicate that silicon (Si) is
essential for the normal development of connective tissues and the skeleton.
The Si content of the human aorta, trachea, lungs and tendons is particularly
high. Aorta Si has been claimed to decline with age and the concentration in
arterial wall decreases with the development of atherosclerosis!”. It has been
estimated that humans assimilate 9-14 mg (0.3-0.5 mmolt)/d, but most
dietary Si in the form of silica remains unabsorbed. In contrast, silicic acid in
foods and beverages is absorbed readily. Cereal grains are rich Si sources.
Human requirements for Si are not known and estimates of intake differ
widely. Hamilton and Minski (1972-1973) suggest that the UK diet provides
1.2 g/d'8; a Finnish study suggested that 29 mg/d was typicall®.

37.15 Silver Silver (Ag) occurs naturally in very low concentrations in soils,
plant and animal tissues. Although it has been shown to interact with copper
and selenium in vivo29, it has not been shown to perform any essential function
in humans.

37.16 Strontium There is no evidence that strontium (Sr) is an essential
element for man, but it is widely distributed in the environment and is present in
foods particularly of plant origin, concentrated in the bran rather than the
endosperm of grains and in the peel of root vegetables2!. The Sr content of
drinking water varies usually between 0.02 and 0.06 mg/1.22, although values as
high as 1.6 mg (18 pmol**)/L have been reported23. Estimates of Sr intakes
from dietary surveys and from national food supply statistics are generally in
the range of 1-3 mg/d although one study in Britain showed an intake of
0.86 ug/d!8. The total body content is only about 323 mg (3.7 mmol) of which
99 per cent is present in the bones22. Absorption of Sr in adults has been
reported to be 19 per cent with losses in the urine, sweat, hair and other fluids.
There is little evidence of Sr toxicity but it appears that a wide margin of safety
exists between dietary levels of stable Sr likely to be ingested from ordinary
foods and water supplies and those that induce toxic effects. However the
longlived isotope of strontium, Sr9, produced in atomic explosions, is haz-
ardous when deposited in the human skeleton.

37.17 Sulphur Sulphur (S) occurs in tissues as the sulphate anion (SO,), a
constituent of the high molecular weight proteoglycans which are fundamental
components of the extracellular matrices. Dermatan sulphate, chondroitin
sulphate and keratan sulphate are typical proteoglycans of tissues such as

*1 pmol =58.7 mg
11 mmol=28.1 mg
**1 pmol =87.6 ug
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cartilage and the vascular and reproductive systems?5. In a different role,
sulphate is involved in the detoxification of phenols, alcohols, amines and
thiols in which their derivatives are excreted in the form of sulphate conju-
gates26. The ‘‘active’’ sulphate (phosphoadenosine phosphosulphate) required
for the above purposes is probably derived from the oxidation of S derived
from the amino acids cysteine and methionine. This process proceeds via the
generation of sulphite and the highly active molybdenum-dependent sulphite
oxidase system and there is no obligatory requirement for dietary sulphate?’.
Intakes in excess of approximately 0.7 mg (22 pmol*)/d probably exceed the
sulphate-absorptive capacity of the small intestine and facilitate the bacterial
reduction of sulphate to sulphide in the colon.28.

37.18 Tin It is doubtful whether tin (Sn) is an essential element. Average
intakes in the UK have been estimated to be 187 ug/d for an adult. Between 90
and 99 per cent of Sn in food is excreted in the faeces, depending on the
chemical form, since Sn (II) is four times better absorbed than Sn (IV). Most
retained Sn accumulates in the skeleton. The toxic dose of inorganic Sn is
5-7 mg (40-60 pmolt)/kg body weight, but organic Sn is far more toxic. Very
high intakes of inorganic Sn of 250 mg/kg from food cause gastrointestinal
symptoms. Chronic exposure to high levels results in growth depression and
altered immune function, possibly due to interactions between Sn and Zn or
Se3.

37.19 Vanadium In vitro and animal studies led to the proposal that
vanadium (V) has a specific physiological role in humans as a regulator of
(Na,K)-ATPase, and therefore regulates the Na+ pump by means of a redox
mechanism?29. This has yet to be proven. It may also have a role in methyl and/
or labile methyl metabolism3°, and expression of some endocrine function!s.
Urinary output in man is estimated to be 10 pg/d3!. Unlike cadmium and lead,
V does not accumulate in body tissues with age2°. Reported concentrations in
serum measured by neutron activation analysis range from 0.016-0.139 ng/ml
in women and 0.024-0.939 ng/ml in men3!. The absolute requirement, for
example as needed in total parental nutrition, is possibly only about 1-2 ug
(20-40 nmol**)/d.
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Annex 1. Weights and Heights of the UK Population

1. Introduction As many DRVs, including those for energy, are related to
body weight, it is essential to have standard weights for use in calculations
which are representative of various age and sex groups of the UK population. In
the past the appropriate reference standards for younger people have been those
of Tanner et al'. These standards were based on measurements of normal
British children which were made in 1959, and they were adjusted to take
account of secular anthropometric trends in 1965. These standards have
become increasingly out of date and the Panel, at the request of its Working
Group on Energy and Protein, has sought acceptable data for use in its
calculations. The 50th centiles are given in Tables A1-A4, where possible, along
with 3rd and 97th or 5th and 95th centiles. Although corresponding heights
have not been used in calculations by the Panel, these are given in the Tables for
information.

2. Children aged 3 months to 5.0 years Data were obtained by Mrs
E Hoinville from the records of the Pre-school Child Growth Surveys carried
out on behalf of the Department of Health and Social Security (DHSS) by the
Department of Human Nutrition of the London School of Hygiene and
Tropical Medicine. A total of 12 271 children were measured in 4 surveys
carried out between 1973 and 1982. All measurements were taken within 1 week
of the age point given in the tables. Because the 4 surveys had a degree of
overlap there were larger numbers in the 1 to 3 year age groups. In addition
children who were measured longitudinally from 3 months to 5 years were
measured twice at age 5.

3 Children aged 5.5 to 11.5 years Data were obtained by Dr S Chinn of the
Department of Community Medicine, St Thomas’s Hospital, London, from
the records of the National Study of Health and Growth (NSHG) of 14,584
children measured in 1985 and 1986. The NSHG included a nationally
representative sample in 1986 and a sample weighted towards inner city children
and children from ethnic minorities in 1985. In order to make the combined
sample more nationally representative the Caucasian children studied in 1985
and the non-Caucasian children studied in 1986 were omitted. The 1986
Caucasian children have been taken as representative of England and Wales;
the 1985 ethnic minority children taken as representative of their appropriate
groups; and the 1985 plus the 1986 Scottish children as representative of
Scotland. Taller heights and heavier weights were reported on a nationally
representative sample of schoolchildren aged 10/11 years measured in 19832.
However these children were weighed clothed and their exact ages were
unrecorded as they were recruited to the survey as 10 year olds. Hence, with
fieldwork lasting a year, their actual ages varied between 10 years and 11 years
11 months.

4 Children aged 12.5 to 15.5 years Data were made available to the Panel by
Dr N G Norgan from the British Schoolchildren’s Size Survey of the HUMAG
Research Group, Loughborough University of Technology. This study was
sponsored by the Syndicate of British Retailers and Garment Manufacturers
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and covered 3500 boys aged 5 to 15.9 years who were measured in 1978 and 4500
girls aged 5 to 16.9 years who were measured in 1986. Details of the sample
methodologies were made available to the Panel and confirmed that the
samples were representative of Caucasian children only, and were designed to
yield about 300 children in each age and sex group. The weight and height
centiles for children aged 12.5 to 15.5 years only have been utilised as the two
studies in paras 2 and 3 above had larger and more nationally representative
samples of younger children.

5 Adults aged 16 to 64 years Data from the OPCS Survey of Adult Heights
and Weights have been taken. This survey studied a nationally representative
sample of 10 018 people aged 16-64 years in 1980. Median values for weights
and heights in each 5 year range have been taken from the Report of the
Survey3. A further 2197 British adults were measured in 1986/87 by OPCS in
the Dietary and Nutritional Survey of British Adults. This showed that there
had been a significant increase in the prevalence of obesity and overweight
defined as Body Mass Index (BMI) greater than 30 or 25 respectively. The
median weights of women had not changed between 16 and 34 years but had
risen slightly between 35 and 64 years. However, the median weights of men had
increased by about 1 kg between 16 and 49 years and by about 3 kg between 50
and 64 years?. Although the sample in this survey was nationally representative,
the numbers in each age group were small compared with the 1980 survey. The
results of the 1980 survey3 have therefore been used while acknowledging that
adult men, particularly over 50 years of age, may be heavier.

6 The elderly aged 65 years and over Data from the Nottingham Activity
and Ageing Survey were made available to the Panel by Dr A B Lehmann of the
Department of Health Care of the Elderly of the University of Nottingham
Medical School. Full details of the sampling and methodology have been
published5. Briefly, an effective sample of 406 men and 636 women aged 65 and
over was obtained from a sample of 1,599 elderly people randomly selected
from the Nottinghamshire Family Practitioner Records between May and
September 1985. Those included were weighed in light clothes, without shoes.
The composition of this sample was similar to the 1981 national census data in
terms of age, sex and social class, so the demographic composition was close
enough for the Nottingham data to be regarded as representative. The sample
excluded the 3 per cent from that age group in residential accommodation.
There is accumulating evidence that the institutionalised elderly may not be
representative, in nutritional terms, of their age groups as a wholeS. For this
reason the Nottingham weights used were limited to those living in the
community.
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Table A.1 Weights (kg)—Males

Age No of Observations Centiles

3rd Sth 50th 95th 97th
3m 590 4.65 — 6.12 — 7.70
6 m 794 6.29 — 8.00 — 10.00
9m 883 7.45 — 9.20 — 11.55
12m 1,037 8.10 — 10.04 — 12.48
15y 1,089 9.13 — 11.30 — 14.03
20y 1,030 10.00 — 12.39 — 15.11
25y 1,033 10.85 —_ 13.42 —_ 16.30
30y 1,012 11.53 — 14.40 — 17.83
35y 967 12,25 — 15.32 — 19.10
40y 968 13.00 — 16.22 — 20.49
45y 912 13.72 — 17.00 — 21.90
50y 1,832 14.25 — 18.25 — 22.75
55y 1,134 15.3 — 19.3 — 25.1
6.5y 1,175 17.1 — 21.7 — 29.0
7.5y 1,125 18.8 — 24.2 — 33.0
85y 994 20.6 — 26.8 — 37.1
95y 1,013 22.5 — 29.7 — 41.5
105y 1,104 24.5 — 32.7 — 46.6
115y 648 27.0 — 35.9 — 53.0
125y 335 — 30.9 39.0 54.1 —
135y 229 — 33.0 45.5 61.6 —
145y 269 — 37.5 52.0 68.8 —
155y 277 — 41.4 §6.5 74.5 -
16-19 y 481 - - 64.5 — —
20-24 y 518 —_ — 70.0 — —
25-29 y 539 — — 73.0 — —
30-34 y 523 — — 74.5 — —
35-39 y 459 —_ — 74.5 — —
40-44 y 438 —_ — 75.5 e -
45-49 y 401 — — 74.5 = —
50-54 y 424 — — 74.5 — —
55-59 y 441 — — 73.0 — -
60-64 y 326 — — 74.0 — —
65-74 'y 211 50.0 53.0 71.0 93.4 99.3
5+ y 162 46.9 49.0 69.0 87.7 92.1
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Table A.2 Weights (kg)—Females

Age No of Observations Centiles

3rd 5th 50th 95th 97th
3m 552 4.50 — 5.70 — 7.10
6 m 814 5.93 — 7.44 — 9.35
9m 833 6.94 — 8.55 —_ 10.55
12m 976 7.52 — 9.50 — 11.76
15y 1,023 8.60 — 10.65 — 13.30
20y 1,019 9.50 — 11.80 — 14.82
25y 1,009 10.39 — 12.84 — 16.31
30y 1,007 11.20 — 13.85 —_ 17.85
35y 940 11.70 — 14.90 — 19.90
40y 936 12:25 — 15.75 — 20.50
45y 907 13.25 — 16.75 —_ 22.00
50y 1,779 14.00 — 17.75 — 23.41
5.5y 1,049 15.0 — 18.9 - 24.8
65y 1,070 16.8 — 21.3 — 29.0
75y 1,024 18.5 — 23.8 — 33.4
85y 947 20.2 — 26.6 — 37.8
95y 974 21.0 — 29.7 — 42.7
105y 1,053 23.9 — 33.0 — 48.7
115y 645 26.6 — 36.7 — 57.3
125y 373 — 30.5 41.0 55.5 ==
135ty 376 — 35.5 47.0 63.1 =
145y 389 — 40.2 50.5 65.0 —
15:5%y, 393 — 42.5 52.5 64.2 —
16-19 y 499 — — 555 — =
20-24y 548 — — 58.5 — ==
25-29 y 560 — — 58.0 —_ =
30-34 y 561 — — 60.0 — =
35-39y 495 — — 60.0 — =
40-44 y 486 — — 61.5 — -
45-49 y 419 — — 62.5 — —
50-54 y 498 — — 62.5 — =
55-59 y 497 — — 63.0 —_ e
60-64 y 414 — — 63.5 - =
65-74 y 272 5222 46.7 63.0 90.0 94.8
5+ y 313 40.0 41.7 60.0 81.3 84.6
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Table A.3 Heights (cm)—Males

Age No of Observations Centiles

3rd 5th 50th 95th 97th
3m 589 56.2 — 61.1 — 65.6
6 m 793 63.4 — 67.9 — 72.1
9m 827 68.0 — 72.1 —_ 712
12m 1,034 70.5 — 75.8 = 80.7
15ty 1,078 76.6 — 82.0 —_ 87.7
20y 1,039 81.0 — 86.9 — 93.1
25y 1,024 84.5 = 91.4 = 98.1
30y —_ - — —_ —_ —_
35y 1,649 90.9 = 98.6 = 106.1
40y — —_ —_ — — —
45y — — — — - —_
50y 1,830 99.6 — 107.9 — 116.5
55y 1,134 103.4 — 112.4 — 121.3
6.5y 1,175 109.3 — 118.6 — 127.9
15y 1,125 114.5 — 124.5 — 134.4
85y 994 119.4 — 130.0 — 140.6
95y 1,013 124.1 — 135.3 —_ 146.5
105y 1,104 128.9 — 140.5 — 152.1
115y 648 134.0 — 145.5 — 157.1
125y 335 - 139.1 149.6 162.0 —_
135y 299 — 142.2 156.6 172.0 —
145y 269 — 147.9 164.7 178.9 —
155y 277 — 154.1 170.3 184.8 —
16-19 y 500 —_ —_ 175.3 —_ —_—
20-24y 537 —_ — 176.3 —_ -_
25-29y 557 — — 1753 — —
30-34 y 541 —— —_ 175.3 —_ —_
35-39y 481 — — 1753 —
40-44 y 453 - — 173.3 — -_
45-49 y 415 — — 173.8 — —_—
50-54 y 441 — — 172.8 — —
55-59y 446 — — 171.3 —_ —
60-64 y 338 - — 170.3 — -
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Table A.4 Heights (cm)—Females

Age No of Observations Centiles
3rd 5th 50th 95th 97th

3m 547 55.5 - 60.0 — 64.0
6 m 812 61.6 — 66.3 — 70.3
9m 830 65.9 — 70.4 - 75.2
12 m 975 69.0 - 74.2 — 79.5
1.5y 1,021 74.8 — 80.6 — 86.4
20y 1,023 79.7 — 85.7 — 91.9
251y, 1,005 83.5 — 90.2 — 96.9
30y — — — = — —
3.5y, 1,600 90.2 — 97.6 — 105.5
4.0y — — = = = —
45y — — —_ — — —
50y 1,778 99.1 — 107.3 — 11187
55y 1,049 103.0 = 111.6 e 120.2
6.5y 1,070 108.5 — 117.8 = 127.2
15y 1,024 113.6 = 123.6 - 133.6
85y 949 118.6 — 129.2 —- 139.7
95y 973 1235 — 134.6 — 145.8
105y 1,056 128.4 — 140.2 — 152.0
115y 643 133.2 — 145.9 — 158.6
125y 373 — 139.0 151%3 163.6 —
135y 376 — 146.8 156.8 168.1 —
145y 389 — 150.6 160.3 170.6 _
155y 394 — 151.5 161.9 171.4 —
16-19 y 523 - — 161.3 — —
20-24y 582 — — 161.8 — =
25-29y 516 — — 161.8 —_ =
30-34y 583 — — 162.3 — =
35-39y 516 — — 161.3 — —
40-44 y 498 — — 160.8 = =
45-49 y 439 — — 160.3 — =
50-54 y 519 - — 159.8 = =
55-59y 503 —— — 159.3 — =
60-64 y 420 — — 158.8 — =
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Annex 2. Equations for estimating the basal metabolic rate
(BMR) for older children, adolescents, adults and the elderly

BMR (MJ/d)

Males 10-17 y BMR =0.074W +2.754 SEE =0.44
18-29 y BMR =0.063W +2.896 SEE =0.64
30-59 y BMR =0.048W +3.653 SEE=0.70

Females 10-17 y BMR =0.056W + 2.898 SEE =0.47
18-29 y BMR =0.062W +2.036 SEE=0.50
30-59 y BMR =0.034W +3.538 SEE =0.47

Males 60-74 y BMR =0.0499W +2.930 (n=189)
5+ y BMR =0.0350W +3.434 (n=112)

Schofield equations for all men over 60 years:
BMR =0.049W + 2.459 (n=50)

Females 60-74 y BMR = 0.0386W + 2.875 (n = 109)
5+y BMR =0.0410W +2.610 (n=96)

Schofield equations for all women over 60 years:
BMR =0.038W +2.755 (n=38)

BMR (kcal/d)

Males 10-17 y BMR =17.7W + 657 SEE =105
18-29 y BMR =15.1W + 692 SEE =156
30-59 y BMR =11.5W + 873 SEE =167

Females 10-17 y BMR =13.4W + 692 SEE=112
18-29 y BMR = 14.8W +487 SEE =120
30-59 y BMR = 8.3W +846 SEE=112

W =body weight (kg), SEE = Standard error of estimate.

The equations for the elderly incorporate some of the original data collated by
Schofield et al (1985) together with data on 101 men aged 60-70 years studied by
Durnin and unpublished Italian data on 170 men and 180 women kindly
supplied by Professor Anna Ferro-Luzzi. Those data collected in the tropics
and used by Schofield proved to be appreciably lower than the European data
and have been excluded.
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Annex 3. Energy expenditure of various activities of
moderate duration grouped according to Physical Activity

Ratio (PAR¥*)

PAR 1.2 (1.0 to 1.4)
Lying at rest:
Sitting at rest:

Standing at rest.

PAR 1.6 (1.5 to 1.8)
Sitting:
Standing:

PAR 2.1 (1.9 to 2.4)
Standing:

PAR 2.8 (2.5t0 3.3)
Standing:
Walking:
Industrial:

PAR 3.7 (3.4t0 4.4)
Standing:
Walking:
Industrial:

PAR 4.8 (4.5t05.9)
Standing:
Walking:
Exercise:
Occupational:

PAR 6.9 (6.0 to 7.9)
Walking:
Exercise:
Sports:

reading.

watching TV; reading; writing; calculating; playing cards; listening to
radio; eating.

sewing; knitting; playing piano; driving.
preparing vegetables; washing dishes; ironing; general office and labora-
tory work.

mixed household chores (dusting and cleaning); washing small clothes;
cooking activities; hairdressing; playing snooker; bowling.

dressing and undressing; showering; ‘hoovering’; making beds:
3-4 km/h; playing cricket;
tailoring; shoemaking; electrical; machine tool; painting and decorating.

mopping floor; gardening; cleaning windows; playing table tennis; sailing.
4-6 km/h; golf;
motor vehicle repairs; carpentry, chemical; joinery; bricklaying.

polishing furniture; chopping wood; heavy gardening; volley ball.

6-7 km/h:

Dancing; moderate swimming; gentle cycling; slow jogging;

labouring; hoeing; road construction; digging and shovelling; felling trees

uphill with load or cross-country; climbing stairs.
average jogging; cycling.
football; more energetic swimming; tennis; skiing.

*for discussion and definition of PAR see paras 2.3.3 and 2.3.4.
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Annex 4. Classification of occupational work as light,
moderate and moderate—heavy

Light Moderate Moderate-heavy
PAR*=1.7 PAR*=2.7 in men PAR*=3.0 in men
=2.2 in women =2.3 in women

Professional and technical workers; Sales workers; Service Equipment operators;
Administrative and managerial; Sales workers; Domestic Labourers; Agricultural,
Representatives, Clerical and related  helpers. Students; eg animal husbandry,
workers; Housewives; Unemployed. Transport workers; Some  forestry and fishing; Some

construction workers eg construction workers, eg

joiners, roofing workers. bricklayers, masons.

*PAR =Physical Activity Ratio integrated over the period of the working day.
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Annex 5. Examples of calculations of estimated daily
energy expenditures of men and women aged 25 years and
of median weight in light activity occupations and three
categories of non-occupational activities

Category of non-occupational activity

Inactive Moderately active Very active
Time
hours PAR MlJ(kcal)/d PAR MlJ(kcal)/d PAR MlJ(kcal)/d
Men
Bed 8.0 1.0 2.44 ( 580) 1.0 2.44 ( 580) 1.0 2.44 ( 580)
Occupational 5.5 1.7 2.85( 680) 1.7 2.85( 680) 1.7 2.85 ( 680)
Non-occupational 10.5 1.5 4.79 (1,140) 1.7 5.43 (1,300) 1.9 6.07 (1,450)
Total energy expenditure 10.08 (2,400) 10.72 (2,560) 11.36 (2,710)
PAL (TEE) 1.4 1.5 1.6
(BMR)
Women
Bed 80 1.0 1.88 ( 450) 1.0 1.88 ( 450) 1.0 1.88 ( 450)
Occupational 5.5 1.7 2.19( 520) 1.7 2.19( 520) 1.7 2.19 ( 520)
Non-occupational 10.5 155 3.70 ( 880) 1.7 4.18 (1,000) 1.9 4.68 (1,120)
Total energy expenditure 7.77 (1,850) 8.25 (1,970) 8.75 (2,090)
PAL (TEE) 1.4 1.5 1.6
(BMR)

PAR =Physical Activity Ratio (see para 2.3.3)
PAL =Physical Activity Level (see para 2.3.9)

TEE = Total Energy Expenditure (see para 2.3.1.3)

BMR = Basal Metabolic Rate (see para 2.3.2)
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Annex 6. Examples of calculated energy expenditure from
typical time use, energy cost of activity (PAR) in a group of
young women office workers of median body weight

Activity Time (h) PAR MI(kcal)
In bed 8.00 1.0 1.88 ( 450)
Office work, sitting 4.50 1.2 1.27 ( 300)
standing 1.00 1.6 0.38( 90)
walking slow 0.25 3.7 022 ( 50
Sitting, eating 1.50 1.2 0.42 ( 100)
driving 0.50 1.2 0.14 ( 30
watching TV 3.00 1.2 0.85 ( 200)
miscellaneous 1.00 1.2 0.28 (  70)
Standing, cooking 0.75 1.8 0.32( 80)
personal 0.50 2.1 0.25( 60)
shopping 0.15 2.1 0.37( 90)
miscellaneous 1.00 2.1 0.49 ( 120)
housework 0.50 2.8 0.33( 80)
Walking, slow 0.25 2.8 0.16 (  40)
normal 0.50 3.7 0.43 ( 100)
TOTAL 24.00 7.80 (1,860)
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Annex 7 Calculation of basal metabolic rate (BMR), total
daily energy expenditure and Estimated Average
Requirements (EARs) of energy for older children and
adolescents

Age (years)

10.5 11755 1225 13.5 14.5 1555 16.5 17:5

Boys

Weight kg 33 36 39 46 52 57 60 65
BMR MJ/d 5912 5.35 5.58 6.05 6.53 6.86 7.13 7.45
TEE MJ/d 8.00 8.37 8.73 9.47 1021 10.74 11.16 11.65
Growth MJ/d 0.25 0.29 0.33 0.38 0.42 0.21 0.13 0.13

Estimated Average
Requirement MJ/d 8.25 8.66 9.06 9.85 10.63 10.95 11.29 11.78

Girls

Weight kg 33 37 41 47 51 53 54 56
BMR MJ/d 4.81 5.00 5:21 5:52 5.70 5.80 5.88 5.95
TEE MJ/d 7.11 7.39 7.71 8.16 8.43 8.58 8.69 8.80
Growth MJ/d 0.27 0.31 0.36 0.40 0.42 0.21 0.10 0.10
Estimated Average

Requirement MJ/d 7.38 7.70 8.07 8.56 8.85 8.79 8.79 8.90

Boys

Weight kg 33 36 39 46 52 57 60 65
BMR kcal/d 15223 1,279 1,334 1,447 1,561 1,640 1,705 1,780
TEE kcal/d 1,912 2,000 2,086 2,264 2,442 2,566 2,668 2,785
Growth kcal/d 60 70 80 90 100 50 30 30

Estimated Average
Requirement kcal/d 1,972 2,070 2,166 2,354 2,542 2,616 2,698 2,815

Girls

Weight kg 33 37 41 47 51 53 54 56
BMR kcal/d 1,149 1,194 1,246 1,319 1,362 1,387 1,405 1,423
TEE kcal/d 1,700 1,766 1,842 1,951 2,014 2,051 2,078 2,104
Growth kcal/d 65 15 85 95 100 50 25 25

Estimated Average
Requirement kcal/d 1,765 1,841 1,927 2,046 2,114 2,101 2,103 2,129

BMR = basal metabolic rate
TEE =total energy expenditure
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Annex 8. The efficiency of absorption and utilisation of
nutrients —bioavailability

1 The efficiency (usually expressed as a percentage) with which any dietary
nutrient is used in the body is known as its bioavailability. For some nutrients
(amino acids, lipids, available polysaccharides) this is high (90 per cent or
more), but for others, especially some vitamins and inorganic minerals, and
non-starch polysaccharides, it is low and poorly predictable. Bioavailability is
an important concept in the nutritional evaluation of foodstuffs and composite
diets, and must be taken into account when calculating the DRVs for nutrients,
especially those with variable bioavailabilities, so that they meet estimated
needs!-3,

2 Examples of factors which influence bioavailability are listed in Table A8.
These arise from (i) the nature of the diet and of the nutrient itself ; (ii) intestinal
factors which influence luminal and mucosal digestion and absorption; and (jii)
systemic factors which control the intestinal absorption and systemic distribu-
tion of a nutrient, its metabolism, and its ultimate fate. Whereas the bio-
availability of all nutrients is influenced both by intestinal and by systemic
factors it can be seen from Table A8 that the metabolism of minerals and
vitamins is particularly influenced by the physico-chemical properties of the
nutrients themselves, acting either independently or with those of other dietary
components.

3 Because the absorption and utilisation of a nutrient may vary not only with
the nutrient itself but also with the food in which it is eaten and the rest of the
diet, as well as with host factors, it is not possible to apply a single figure which
will define the ‘bioavailability’ of any nutrient. However, it is possible to give
some guidance based on usual dietary patterns eaten by particular groups, and
on evidence of host influences.

4 When needs for a nutrient are low then either the intestinal absorption may
be reduced or the mechanisms for its clearance can be increased, or both.
Conversely when requirements are high increased acquisition and conservation
of the nutrient may occur. The time scale of such homeostatic mechanisms is
not known, but by these means the body has an appreciable capacity to adapt to
alow dietary intake or a reduced availability arising from the nature of the diet.
Thus the measured bioavailability of several nutrients from a meal would be
lower when needs for that nutrient are low than it would be from an identical
meal if the body’s requirements were high. In the former circumstances the
reduced bioavailability may be independent of the dietary source.

5 The difficulty of selecting appropriate functional endpoints with which to
measure the utilisation of many nutrients has led to an ambiguity in which the
term bioavailability is sometimes equated with the efficiency of a nutrient’s net
or true absorption, or both. For example, whereas in the case of iron the relative
incorporation of an ingested isotope into erythrocyte haemoglobin is a useful
measure of bioavailability, with most other minerals crucial functional indices
have either not been identified or would not be ethically or practically feasible
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Table A8 Examples of factors which influence the absorption and utilisation of nutrients
Diet
Chemical form of the nutrient:
eg haem iron v inorganic iron, pyridoxine v pyridoxine glucosides, amino-acid and
hexose complexes (condensation interactions), monoglutamyl v polyglutamyl folate,
isomeric form (amino acids, hexoses), physical form (starches), oxidation state.
Antagonistic ligands:
phosphates, phytate, carbonates, polyphenols, oxalates (minerals), nitrates, avidin,
factors in wheat bran (some B vitamins)
Facilitatory ligands:
Ascorbate, carboxylic acids, some sugars, amino acids.
Ligands which may facilitate absorption but increase renal excretion:
EDTA, picolinate.
Competitive interactions:
FevCuvZnvCd
Inhibitors of proteolysis impair release of amino acids, complexed vitamins and metals,
and facilitatory ligands.
Breakdown of nutrient:
Thiaminase in fish and some cereals.
Luminal

pH and redox state.
Efficiency of dietary hydrolysis.
Bacterial fermentation (non-starch polysaccharides).

Mucosal
Entrainment of uptake and transfer mechanisms (influenced by systemic factors listed
below).
Changes in mucosal structure and function.
Proteolytic inhibitor of folate conjugase.

Systemic factors

Anabolic requirements:
growth in infancy and childhood, pregnancy and lactation.

Post-catabolic states.

Endocrine influences.

Hepatic and renal function.

Infection and stress.

Homeostatic setting for nutrient determined by previous dietary supply, supply and
metabolism of other nutrients.

in human studies. In practice the closest estimate of bioavailability is the
proportion of intake that is absorbed or retained in the body. As a consequence
estimates of bioavailability for some nutrients, such as iron, zinc and copper,
have focussed on the luminal factors which limit their bioavailability; this
places undue emphasis on dietary characteristics which do not allow for the
host’s ability to compensate. Similarly this approach would not measure the
bioavailability of nutrients which are absorbed efficiently but which for some
reason are not then utilised.

6 Studies in animal models, in which host factors may be more easily
standardised, provide some information about the metabolism of a nutrient
and the effect on this of factors which influence bioavailability. They may also
enable the stratification of bioavailability of nutrients from human diets; but
this information cannot necessarily be extrapolated quantitatively to humans.
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7 Itisclear that any measurement of bioavailability can be interpreted reliably
only in the context of the circumstances in which it was assessed!-3. Even if the
studies are well characterised with respect to the factors which influence
bioavailability the extrapolation of such data to the derivation of DRVs has to
be done in the light of current knowledge of the metabolism of the nutrient
concerned. The judgements involved for any nutrient and the limited infor-
mation on which they can be based3 are explained in the appropriate sections.
Differences in these judgements of bioavailability are one of the principal
sources of discrepancy between different sets of recommendations.
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