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1. Introduction

Mandaie

To advise on the esabhiskment of Evropean Recommended Dietary Alicwances for a
rumber of purposes, incloding nuidtion Jabelting sad Commanity programmes on
research and autnition, andg to make recommandauons.

Policy of the Commitiee

Almeost 2l countries of the Eusropean Community have independenily convened
commuztees of experts 10 derive values for nuiriticnal recommendations. These experts,
drawing from 2 cormmon pool of data, have used physiological and Bigchemical
knowledge o eslimale nutnent requirements. In many cases Ihe data are limaed and the
2xpert commitizes have had to make decisions on the balance of evidence,

For most nuirienis the derived requirtements are fairly similar acrass the Communiiy !,
Nol surprisingly, howevar, committees can assess the evidence from slightly diversen
viewpoinis and arrive at different values for nutrien: requirements. This can rajse
problers for food marufacturers, food regulators and consemers. The Comminee set up
a working group. representative of varions views on the interpretation of the avallzhie
evidence, o compile & $¢t of recommendations that could be used across the
Commurity for 2 vanery of purposes.

The working growp consisied of 19 experts who operated in four seb-groups covering
(i) energy and prowin, (i} water-soluble vitaming, (i)} fat-soluble viamins, z2nd (iv)
minerals and wace elements. The sub-groups met several times, and the full working
ETOUp Mel On SEVEn OUCASInNS,

The Committee debated at length how o present their recommendations in the most

elpful way, Their decisions are deseribed in the section below an Recommendations
and Nomenclature. The Commitice drew on the experience of 3 number of expernt
committees, of member counines, of ron-member countries 23, and of internatinnal
apencies 5, They did pot, however. fust try to harmanise exising national raoorts of
member siates. but saught instead to consider the dat afresh, including the most recent,
and sometimes still unpubbished, work,
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Fig 1.1 The frequency distribution of individual requirements for 2 nutrient
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Nutrient requirement

Point b is the mean recuirement of the group. Poimt ¢ (mean + 2 SD} 15 the intake that will meet
the needs of nearly all healihy people in 2 proup. Point a (mean - 2 SD) is the intake below
which nearly all individuzls will be unable (o maintain metaboiic intzgniy according 1o the
crierion chosen.

Ir this report, point b will be called the Averspe Regquirement {AR). Poiris ¢ and a will
rovghty comespend 1o the Papulation Reference Intake (PRI} and the Lowest Threshold
intake (LTI) respectively.
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Recommendations and nomenclature

Meny countries in the world have produced guanditative distary recammendations
under & variety of nameg sach as recommended dzily amounts, recommended daily
allowances, recommended daily irntakes, recommended ¢imary intzkes and
recommended nutrient intakes, amaong others. In this report they will be referred (o
by the generic term RDA,

A major problem in formutating a KEDA 15 that nowsent requiremenis differ between
mdividuals. They are convenunonally assumed to have a nommal Gawssian
distnbution, as depretad 1n Figure 1}, with a peak at the mean requirement (poin b
in Fig. 1.1). Expenmental evidence supporting this for humans is scany, and a ¢lear
exceptign is known in the iron reguirernents of menstruating women, which are
skewed, with 2 long waif of higher values. Nevertheless the basie 2ssumption serves
as a usefel concept on which to base discussions of variztions between individuals,

The policy adopied for most nutrents over many vears by bodies promovlgating
RDAs was 1o choose a single value 2t or more likely bevond, the wp end of the
distribulion range. i.2. 10 give an intake thaf would cover the needs of all or almast
all members of the proup. Notionally this is often described as the mean requiremens
of the group plas two standard deviations (SD), i.e. covering al least 97.5 % of the
popuiation {point ¢ in Fig. 1.1},

This approach had grear merits for the onginal use of RIDAsS — 1o set a siandarg for
an adeguate diet for groups of the population; it is simple, and one can check Yy
chservation if the DA has beer set high enough. A sinple value RDA however i
cften misinterpreted or misused: it is sometimes regarded as the lowest acceptable
intake, dgespile being clearty defined as substandazlly more than individeal needs for
the great majanty of the populaton.

The more recent extensions of the use of RDAs 10 other purposes highlight the
shorticomsngs of the single RDA. Reviewing bodies are therefore ending to move
away from single RDA values, Apreeing with that view, this Commitice is
atiempting 1o g:ve, as far 335 possible, three values to indicate the spread cf needs,
corraspending 1o painis ¢, b and 2 in Figure 1.1,

Point ¢, that intzke which will meet the needs of virtually ali healthy people in &
group, corresponds conceptually with the waditioral EDA, Since the Comminee is
producing more than one value, it seems inappropriaie 10 retzin a term such as
recemmended dietary allowance for this valuz alope. The use of the adjecuve
recommended” hes besn criticised as poientally misleading, for intakss can be
recommended orly oR 2 basis of probabiiity. Even though always ciearly stated, this
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is not always recognised by users, perhaps because of ihe prescripuve gvertones of
recommended’, and reviewing podies have been introductng ather terms. This
Commitiee will czl! the inteke that is enough for virwally all hzalthy peopie in a
group the Poepulation Reference Intake (PRI},

Point b in Figure 1.1 is the Average Requirement (AR) for the group. according to
the criteriar chosen,

Point # ip Figure 1.1 is the imazke below which, on the basis of our current
knowledpe, almest all individuals will be unlikely [0 maintzin merabolic inlegnily
accarding 1o the ¢riterion chosen for each notrient. The Commitiee will call this the
Lowest Threshold Intake (LTI}

As mentignad previously, the schematic Fipure 1.1 represents a conceptial
framework, which may be adjusted o dea) with the information available on specific
nutrients. For example, the PRI is set notionally as the mean requirement plus 1wo
standard deviations, and ihus about 2.5 % of the popufation weuld be inadeguately
supplied by that intake. In praciice, fhis is not 507 the mean and the siandard
devialion cannot b2 esiablished reHably, and it is common %o incorporate a safely
factor by fixing the PRI at the jowest tevel above which all sebiecis appear o he
adequatelty supplied.

In the absence of more reliable infermation, the LTI valves in this repan have been
calculated 25 the mean minus rwo standard deviatiens. [f more direct evidence is
available 10 provide other fipures, this has been used. Because deficiencies of mosl
nutrients are fortunately relatively rare, data from which 1o estreate the LT1 ars
often very inadeguate, and the criteriz chesen as indicators of deficiency may vary
somewhzl in strinzency. In this repert LT1s are often set ¢n the prudent side, heing
not those intakes below which frank deficiency is almest certain, but rathér 1hase
intakes below which there may be canse for concemn for = substantial sectian of e
poputation.

Censequently, the PRI and LT1 values are rot aiways the means plus and minus twi
standard deviatiorns. Forthermore. lhere is much oncertainty aboul what the
standard deviation should be. Many biological characteristcs have a coefficient of
vagation of 15 %. and his is oftan assumed in this report, Nevertheless for some
nutrents other coefficients of variation have been used, because ther¢ is direct
evidence 10 that effeel, or 1o allow a Jarger safety facior, or where the calevlated
valees Al uneasily with observations.

The Committes has given only one value for increases during pregnancy cor Jactaton,
it considers it has inazdeguats tniormation to give more with any confidence,
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For nutrienis where the requivements ar¢ given in terms of ¢nergy iutake, there is
the preblem of how to give meaningfut PRIs and LTTs 35 a weis.. 7 nwtrien: per day.
The zonvention adopled in ihis report s W give the PRIs and LTIs for average
energy intakes.

Use of values proposed

Mulvple values are of greater utility than just a single RDA. For any particular use,
one or other of the values mzy he appropriate:

Assessing the diefs of individuals

Any individual whe habituzlly has an intzke equal 0 or greater than the PRI will
almost certainly be pravided for adequately, As the habitual intake falls below the
FRI towards the LTT, the ¢hances of being inadeguately provided for mcrease. If the
habiual inke {21l below the LTE further investipation of the numitional status of
the individuals being stadied may need 16 he carned oul,

Cormderahie caynon should be exervised in judging an individual's diet in this way.
Measuramens of hzbitoat intake of a nutrient are cften not very accurate and the
proposed reference vatues in this report are subiscl 10 SOmE UNCETTAIRLES.

Assessing the diets of groups

The nsk of deficiency in a group can be esumated from the mumbers and the inlakes
pf those 5 the group nabitually consumiing less than the PRI As the number of
individuzis witk inwzkes beiow the PRI inceeases, s¢ does the likelihoed of 1the group
beirg nidequate!y provides for,

For prescribing diets or provisions of food supplies

Whern diels are betng devised or food supphed, they should contain nutrients at the
ievel of the PRI (and adeguatz energy), over a period of ime, to ensure negligible
risk of deficiency :n ony person. Most individuals would therefore receive in 2xcess
ar well in excess of their nutrent needs,

For feod labelling purpeses

This is discussed in detaif in chapter 36 of thig repor,
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Energy recom~=":dations

The above considerations cannot apply to recommendations for energy. FPRIs for
other nutrients are st at the top end of the distribwion of requiremsnis to eliminate
any cases of deficiency. The fact that mos: people will consums more than they need
is of relatively Jitle importance and will ¢o no harm. That is not true foc energy
inakes. These are therefore given as average requirements for a groups they cannol
pe nsed for individuals, but are imponant for catering and food supply programmes.

Acceptable ranges of intakes

For some nutrients known 1o be esseatial, the data are inadequate for making
recommendations. For these nuirients, an scceptable range of intakes 13 given,
basad on observancns that individual consumptions within these iimiits appears
sattsfaciery in that neither deficiency aer signs Of excess are seen.

High levels of nutrient intakes

Most individuals aim 4t z nutrient intake that is not less than the PRI Many
habitually coasume more. This may be due to the composinan of the cusiomary diet
{e.g. 2 high consuvmption of meat may lead to a diet rich in protaia; a high
consumption of fruit and vegewables may produce a diei rich in fulate}, or to the
deliberate consamption of some nuirient-rich foods (e.g. consumpticn of biver ieading
10 & high iniake of iron and vitamin A} Netrent intakes may aiso be high due 0
consumpticn of dietary suppierents or fortified foodstudfs.

Inientional consumption of nurtents considerably above the PRI 15 not uncommon.
This is in part due 1o the well-publicised claims which have been made that seme
nuiients have extra health benefits at intakes very much higher than those neeced
to prevent recognised deficiency signs ©. The Commiltes considers the evidence
insufficient at present 1o justify making quantitarive recommendalions in this regard,
but ihe resuts of current research are awabied with imerest. For most nuirients
however, there 15 lillle reason 1o expect any advaniage from intakes that are gready
in excess of the FRI

Cor most auigents, the PRI can be excesded several fold without cansing adverse
effects and altheugh any additional benefits are unlikely, there 15 0o harm in
individeals consuming amounts of these nutrients thai are much higher han the PRI.
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For some natnients however, uvndesirable effecis can geeur art tevels reladvely close
to the PRI, Iz some cases, there may be conseqguences that are not directly harmiul,
but are undesirable — for example, hiph intakas of loiate may have the effec: of
masking ihe effects of vitamin B, deficiency, thus preveniing us diagnosis garty
enough 10 avoid damage 1o the nervous system. In & few cases, high amounts of 2
nutrient are toxic, notabiy vitamin A afier persistent intakes of a Littie over ten times
whi PRI High intakes of these nutrients ars likely to cause cndesirable effects and
should not therefore be encouraged.

This repom gives for individual nutrients levels above which there is concern abowt
undesirabie or harmful effects. Where there 15 2o hard evidence of adverse effects,
then indications are given of intakes that have been reperied a2s producing no
apparent adverse effects. However while for many nutrients there is no reason 10
believe that intakes well zbove the PRI will be hammful, the Committee counsels
cavpon: for example, vitamin Bg was thought for a4 long vme 0 be son-ignie, but
recenl evidencs supgests that intakes above 50 mg per day aie potentially taxic,

Age groups reviewed

The main emphasis of this repor 35 placed on values for adulis, as the gquality of the
data on which decisions have to he based is higher than for other groups of the
nopelaion.

The report deals also with the reguiremsnts of children down o six menths. For
moest suients the requirements of infants below that 2gs were not considered, as
they would be either breast- or formuolz- fed. The composition of infant formalas 55 2
complex. matter raising nroblems of bigavailability e1c. thar are beller daalt with by 2
mere specialist experl aroup.

Cnly for energy and protein have values been given for infants belew the age of six
months. E seems reasonable to do this because they are based on mere solid
calculations than ace values for other nutnients, they can be calvulated for nasrower
age groups. and the information should be of value for many purposes.

For mast nutrients, children have been divided arbetracily into ape groups: 6-11
months, i-3 years, 4-6 vyears and 7-10 years. From 11 vears onwards, the sexes
have been divided imo ape grovps of 13-14 years and 135-17 years. {The convention
heing used in this repon i that, for example, the 1-3 vear group covers children from
heir firss binhday o the day before their founth birthday),
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Individuals aped 18 years or more are considered as adulis. Adults are hroken down
further intg ape groups only for consideration of energy requiremenis.

Children

Expenmental data on the nulrient ngeds of children are move sparse and in general
less relizble than for adults. The Commities considers that infosmation is iradequate
10 sive Average Requirements of Lowest Threshold Intakes for children and is
limiting itself 10 piving Populaiion Reference Iniakes. For most putrients the
experimental data are frequendy insufficient even for that resincted purpose, Most
commitees have tackled the problem by irterpolating between the values for young
sdults znd those for infants. based on the composition of breast milk. Sorne
commitees have hased recommendations, usualiy for minerals. on caiculations and
assumnpuions using factorial approaches based on ussue compositien, basal lassas
and the chanping size of body comparimenis.

In this repon. whate no specific statement has been made, the PRIs for children of
cne vear and cver have been derived, in the zbsence of reliable data, by
extrzpolation from the PRI of young adults on the basis of energy expendilure. The
ensrgy expenditure of a growing child includes the energy cost of growih and the
increase in body mass, as weil as basal metzbohic rate and physical zctivity, It thus
appears 1o provide a basis on which to estimale the reqairement for other putsens
above the mainienance level. For infants 6-11 months, the valugs are aseally decved
by interpoiation betwesn those known for jnfants below 6 monihs, and 1hose
calculated for the 1-3 years group.

The PRIs given for children are therefcre best estimates, but they are similar to
values proposed by committees in 4 number of coentries. They should perhaps be
regarded as serviceable values for food labelling and planning purpeses, rather than
defnnite smatemnants of reec.

The elderly

Because of demogpraphic developments in Evrope. more auention now has (o be paid
to the nutrtion of the elderly.

With increasing age, there is usually propressive loss of lean tssue, energy needs
tend o decline, and energy intake w fall. The deficicncy of some nutnents, seen not
rnfrequentiy. can arse from a preatiy reduced food intzke in the elderly. It 18
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desirable for the eiderly 0 remain active and to keep up their intake with foeds of a
kigh nuident density.

Dietary deficiencies can alse occer becanse of the inability of some cid people to care
properly for themseives, or because of illness which is the primary cause of
malnutntion.

There s no evidence that the nutrient reguirements (as distinct from the ensrgy
requiremnanis) of the eiderly differ from those of mmiddie-aged adulis, and except for
vitarmin [, no different valoes are piven

Bioavailability

Dhetary rutrients have to bz absorbed and utilised by the body to exen :heir
ahysiologieal effect. The extent to whizh this occurs is referred o 25 the
nigavaiiability of the nutrient, usually expressed as a2 percentage.

For somes nuwriems the boavalabeliny s high and does not raise a problem. For
athers the Hosvailzbility is mueh lower, and this hzs heen allowed for when making
recommendaiions.

Many factors affect the bipavailability of a netreat. [t may be the chemical form in
which It oCcurs in the diet, for example, felate 1n the moncglutamate and
polygivtamare forms, haem iror and inorganic iron. Thefe may be interactions with
ather dietary constituents which reduce (or enhance) bioavailability.

The absorptive capacity of the intastine may be limited and may be influenced by
systemic factors. Tt may be dependent on the necd {or the nutrient 1o the body,
adaptanon can occur 1o chanpe bioavatlabhility.

Because of the many factors infBuencing it, the bioavailability of & notrent may vary
substantially with circumstances, and it is often poorly prediciable. No single value
can bhe given with azny reliability. yet 1o drawing up recommendatens it is useally
pecessary 1o select one. Some compromize has to he arrived at useally based on
common dietary patterns, The problems are discossed an more derail in the sections
on Lhe patments where Lthey raise difficeides, notably among the minerals and some
of the vitamins.
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General considerations

The recommendauons are expressed per person per day. This dogs not mean that
those amounts should be taken every day: conceprualiy they represent the average
intake over 4 penod of dme,

The values are proposed for groups of healthy people, and may not apply to those
with different needs arising from disease, medication or adberence to a special diet.

The values put forward for any one nutrient assume that the regairemenis for energy
and ail other nutnents are mek

Research needs

The Committee is acutely aware ihat there are many gaps in the data it had o use o
produce the variety of valves presanted in 1this report, Some are mentioneq
specifically in sections deabing with individual nutrients, others are impheit in that
some decisions clearly have had ¢ be made on the basis of inadeguate evidence. In
the Committee’s view this unsatisfaciory situation is in part 3 conseguence of the
limited aragunt ¢of nutritional rzsearch that has beer camed out in the Community
and in the world at large. The nutritional needs of the normal healthy individual are
commonly classified as a Jow prionty for medical research.

The Commitize recommends that the EC reconsider the imponance of research on
the nutrtional nesds of the Buropzan consumer, (o provide more reliable information
o serve as the basis for beuer edvice across the wide variety of dietary parterns :n
Europe.
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2. Energy

Definition

Energy requirement has recently been defined 1= in terms of the energy expendicire
rather thar the intake of an individeal or groep. Previous definitions described
requicemnents on the basis of an zssessment of energy intakes but ibis is now
considered vnaccaprable because intakes may not match the energy demands of the
body and the ineke may 2iso be incompaiible with the long tenm mainwenance of
desirable levels of body weight and physical acaviy. Several EC member countries
have now adopled the use of energy expenditure values. In this reporl energy
requirements of aduits are therefore defined 25 the levels of energy intake from food
which will balance encrgy sxpenditure when individuals have a body size and
composition and a Jevel of physical activity which are consistent with long-term good
health. The requirement also allows for the maintenznce of economically nicessary
and socially desirable physical activities.

Glossary

BMR: Basal meiabolic raie, is the rate of enerpy used in the postabsorpuve siae
under highly standardised conditons of thermal peutraiiy, with the individual
awake but at complete psvehoiogical and physical rest 2.

PAR: Physical activity raus, is the energy <ost of specific tagks. expressed as a ratio
af the BMR, The task may include 2 varzty of movements and activiues, For
example. shopping includes the walking and starding required 1o choose from
shelves. to pay. and carry the purchased goods. PARs are considered on a
daily basis. which means that they are not weighied an & weekly ar vearly
basis.

IEL:  Integrated energy index, dascribes the energy cost of specific occupations &5 &
ratio of :he BMR. This value is weighkled for the pauses in activity and
integraies the cost of various tasks. Thus 2 domestic helper’s 1EL specifies the
cnerpy spent over the whole weork shift, while carmying oot the zppropriate
variely of specific tasks (cooking, ironing, washing ctc.) and having a number of
imersperszd perieds of rest,
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P

PAL: Physicat acuvity level integrates on 2 24 hours basis the energy spent on afl
ivpes of aciivines, 1., the [Els specilic 10 vanous occupations, and the cost of
inactive pericds swsch as sieep. Swiciy spezking, hoth [E7 and PAL ar
calcalated so that they rafer o typacal days.

it is posmble to calculate average yearly IEIR and PAls, accoununp for the
average number of aours worked per day, the number of dzvs workad per week,
and weeks per year, it 15 importam o disunguish between the two series of
valees. The wearly welghted averapes are expressed as IE] and PAL . and
assume that the number of occuepational housrs coreespond 10 40 hrsiweck for 48

weeks/year.

BMI:  Body Mass Index (Quetelet’s Index). Body weight (ke) divided bv scuare of
body height {m

Physiology and metabolism

Three major components conitibule to the enerpy expenditere of aduwits. The first 2ad
largest component is the basal metabolic rate, BME, which is the energy used in
maintaining the body in a fasing, relaxed and phovsically imactive stgie inog
thermonzural environmeni. This component usvally accounts for 50 - 60 % of the
lotal energy expandad. The seccrd component i1s the enargy used in processing and
stofing the notrients eaten. This cost wseaily amounis 1o abgot 10 % of the energy
ingesied but the value depends ap the balance of the diet on individoal differences in
respense and an the exient 0 which individuals are being underfed or awverfod, The
third mujor component is the enerpy expended in underzaking the varety of phvsical
acuvities involved tr living, wockong and in spcial activings,

The BMR of an adult 15 delermined paacipaliv by body siz¢, body compositicn and
age. Men nave on average more lean tissue than womsen and i is the lean tissue and
tha relauve sizes of diffecant organs which determing the EMR. The taller znd
heavier the individual the greater the amount of lean ussue and therefore the higher
the BMR. With ape there is vsually & progressive loss of lean tissue and an increase
in body far. These differences and changes in bady composthion account for the lower
EMR per kg body weighi of women than men and for the declining BMR with age
even when hody waight s aken N0 account

The level of physical activily must obvicuosly be considered in detail when assessing
the energy needs of an individual or group. Some activities tnvelve the minimom of
mpvement eompatible with the individoals' needs at heme whereas other acuvities
tnvalve the energy expended af work in a variety of different tasks. Forthar energy is
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expended in discretionary activities which include many useful contribunons ‘o the
well-being of the individual and socie:y; these cap therefore be considered as socially
desirable energy ¢osts. Thare is also increasing recopnition (hat maintzining physical
fitness. promoting a sense of well-being by exsrcise ard heiping o prevent chronic
diseases such as coronary hearl disease. ostaoporosis and muscle wasting 1n cid
age. may involve sdditional desirzble physical activity if the physical cost of
accupational work is modest. Thesz additional needs are difficult to guantitate but it
is recognised that physiczl activity is imporzal for healih and an aliowanpce may
need o he made for thesa additonal exercise costs,

The basis for variation in energy requirements

The energy reguirement of an individuat is difficult 10 predict even when accauht 18
taken of the sex, age, body size and degree of physical activity. This 18 because of
ihe substantial differences between indiviguals in their basal metabolism, 1 the
efficiency with which they stare food and in the muscle lone and physical cost of
movement, Thus there remaing a varation beiween individuals ender standardised
canditions with & range of valucs which extend to = 15 % of the mean. A group of
men or wornen of the same age and weight wha engape in a vanery of physical
activiiies may show z range of individual needs which amounts 10 £ 20 % of the
average for the group. It is therefore not possibie o predict individual energy noweds
with any eccuracy without special measurememts of, for example, the BMR and
nhysical activity patiems.

The wwaditional approach te deriving nuinent recommended dietary aliowances has
never been appropriaie fo esiimating energy requirements because 4 sustained
intake of enerzy either below ar above the individual's specific needs has deletenious
effects. This is in conirast to the effects of other nutneats where the provision of an
ammple amount of the nuirdent ensures the whale populaiion’s reads are covered,
individuals who seceive more than they need are unlikely 10 suffer deletenons effects
unless 1he putrient is taken in very larpe amounts. i is therefore usual tw calenlate
the average energy nesds of a group.

Effects of energy excess

Adults have crly 2 modest ability 1o dissipate excess digtary energy by altering
their metabalic efficiency 2nd thereby increasing their energy expenditure 4. Weight
is readily gained with fat and protein being deposited in adipose and lean tissue
respectively. About 30 % of the excess weight gain is iean tissue so the BMR



Mummtion. Chapler 2; Energy 11-12-1302 15

slowly increases 3%, This increase and the enerey cost of moving a heavier body
durning physical activilty means that an individual or group eventualiy comes back inlo
ecuilibrium at a higher energy intake and expendiwre but at the cost of being
overaeight, The increases in meorbidity and momality 2ssocialed with excess weipht
are well documented and inclode preater misk of arthrids, gallbladder disease,
diahetes, coronary heanl disease, hypertenson, stroke 2nd an increascd nisk of some
cancers 7. These risks can be avoided if energy intakes and expenditere are malched
within a desirable weight range, This has been defined as equivalent to a BMI of
about 20-25 8839, On a popalation basis, however, the nisx of having individuals who
have ether chronie gnergy deficiency with a BMI below 185 or gverweight with a
BMI above 25 is minimised when the median BMI of the population is berween 20
and 22. This may therefore be taken as the optimal populaton BMI range.

Estimation of energy requirement

To estimaie enerzy requirement at the individual or group leve! it is nocessary (0
astablish the kabiwai level of cnergy expenditure. This is done in two sieps. First
the basi¢c expendnure, BMRE, ts estimated. This can be predicted accuoratzly on 4
group basis with a slapdard amor of about 2 %, by the set of regressive £quiannns
devetoped for WHOFAYUNU i, These eguaucens are based on age and weight for
males and femates separately. Recently new data on BMR of Eurcpean eldesly men
and women have been collecied $0 that a more extensive and relevam sed of valuaes
15 now zvailable 1102 | (See Appendix, Table A1)

The nexi siep consists in defining the leve] of activity which the individual or grovp
engages in habiteally, This 15 defined as the physical activity level (PAL) and
expressed as = mullipie of BMR, This PAL figure integraies in one singic value the
wital encrey expended over the whele day. While  is possible w denve the PAL
from actaal measurament of the energy spent in all the activities dunng a day, n
mosl cases i 1¢ estimated from a knowledge of the tvpe of occwpanon and
recreational activity; (hese types are then linked to the energy cost of the activity
defined as the physical acuvity ratio (PAR). Thus the wial energy cost per minute of
each 1ask can hbe calculaied. There are published iables of PPARs for wvaripus
aciivilies and also estimates of the daily PALs of varions hife styles 5

The enerpy cost of different oceupations integrated over the working day is also
given in speciatly designed tables which elassify the occupations inte various aciivity
Jevels b.1* This cost is explained as the integrated energy index (JEI}, and
integraies the energy costs of a vadety of zcuvites caried ouvt in performing a
specific task. It 15, however, appropriate o reclassfy 2 group's lifestyie af it 1s
appatent thai modern Hying condiions have chanped the energy demands. Thus a
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domestic helper may be classified as bolding a "moderately” active job in some
Eurgpean counines where there are shont working weeks and appliances desigred
0 save human energy are avaitable. The same occupation may involve feavy wark
when performed wiih itz mechanisation and for many hours per day or with more
days warked per vear mn other European conntries.

It is now advisable o group daily aciviues not enly in terms of occepation but also
10 take account of discretonary activities, the latier being forther sabdivided ine
socially desivable activities and activity intended for the maintenance of a healthy
cardiovascular and muscular system 1. This health maintenzace acuvity may he
1otally absent from the file siyle of modern sedentaiy populations in Europe. I it is
considered desirable, the cost associzled with these activities for a given minimusm
nme each day may be provided as an extra energy allowance. This approach impiies
4 prescriptive or normative scheme rather than simply taking the observed patierns
of activity and then specifving the energy needs accordingly.

Therefore when attempling to estimate the enargy reguirement of an individual of
praup, the following information is needed:

I} ape, sex and body weight:

23 wype of occupation, the ume involved and 1§ energy coses;

3) wype of discretionary zotivity, the nme mvolved and its eneray costs,
4} hours of sleep,

The BMR is then catculated from the observed body weight provided ihe body mass
index 15 barween 20 and 25 for an individual, U the body mass index cxceads 25 then
a desirable weizhi shouwld be defined as that cormesponding tc a BMI of 25 For
estimating the BMI of groups, however, a BMI of 22 should be chosen as degirable if
the observed averape BMI exceeds this value

The znergy cost of the vanous activities 1s useally established on the basis of tables
of PARs (physical activity ratios). 1o, as a ratip of the cost to BMR. By knowing the
thime involved i each activity and with the use of tbles 1118 possible 1o build up a
picture of the total 24 hour energy expenditure, which may also be expressed as 2
ratig of the estimated 24 hr BME of the individual. This is then the individual’s PAL
for that day. Experts conversant with the problems of esteblishing these PAL values
are needed in deveioping this approach 1o energy requirements $ince s£nous erzors
and misinleroreiations arg readily made by the vatrained analyst,
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Simplifying the estimates of energy reguirements

The vacous occupational aclivities can be grouped, on the basis of their mean IEL
into four major intensity levels, These are set gut in Table 2.1 separately for men and
WO ETED.

These values resoli from an integration of the energy spent on the actwal work and of
the imerspersed pauses; the heavier the work the longer the panses. The job
specifications of the IED catzpories are shown in Tablz 2.1, but tiis s meant to
provide only general suidance, better definitions may eventuatily become available,

Tahie A2 (Appendix) shows how the differences in body welght and in physical
aclivity levels affec: the average daily energy requirements of groups of mee and
wonen. There is over a threefold varation in needs. This emmphasises the imperianee
of es:ablishing the charactenstics of the group whose ensergy needs are (o be met
Therefore, in developing the Ewropean averipe snergy reguirement, weighls and
neights and physical activity patterns {as 1ET andfor as PAL) within the community
are needed, Very lintle suitable information 15 available corrently, bot extensive and
renresentative data are hkely to become aveifzble as part of current or planred
nuttignal survelllEnce sUiveys.

Developing individaal or group requirement values

Tabte 2.2 provides an examplie of how the energy requirement of & domesuc herer is
estimated, She is considered 1o work in a Southern EBuropean country with a
rejatively low level of mechanisation. She is aped 25 and weighs 60 kg, so that from
Table A1 (Appendix) her BMR can be esumated ag 3.8 MJ per day. Tao iivsirae the
need to integraez 21l her acuvities it 15 assumed that for two months of the year she
also 2npapes in kervesting 2 crop as part of te regular summer work in the area, In
addition she has commitments 0 maintaining ker ewn househeld, Three types of
aclivily paterms iherefore need to be considerad: (2) her regular domesns waork
combined with her own household duties for three davs per week, {b) an average
pattern of acuvity for four wesk and weekend days when she copes predominantly
with her househald duties and {z) the two months weekdzy work picking crops. In
this latter peried it is assumed thal she aise works 2s a domestic for one weekend
day 10 maintain ker regular employment. Thus 113§ possible to obtain three differcnt
PAL values 1 cover the three types of day in ke year. By integrating these for the
whele year one arpves 4l an average energy requirement eguivalent 1o 1.69 PAL or
a tolal cnerpy need, given her ape and weight, of 978 M (2340 keal) per day.
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Generating an average value for European adult energy
requirements

It 15 usefel 10 determine if possible the averape energy requirement of European
adults tzking into account the known or estimated variations in population structare,
in adult weights and heights and ihe physical activity patterns within the
Comminity.

First estimaies of Jight. modesate and heavy life styles activity levels were specified
with or without desizable increments in activity for promoting health and general
well-being. These life style PAL valoes, expressed as ratios of the basal metabolic
rate, are sei oul in Table 2.3,

It is more difficulr 1o abtzin a suitable estimate of Evropean adult weights. Desirable
weights for chserved heights were calenlated taking 2 BMI ef 22. Actal adult
weights and heights were zaken from representative nationzl sempies or from
specific surveys (see dala sources in foolnote 1o Table 2.4). These adualt hody

sights and hetghts were weighted for the total number of adels in each age group
in each country, as oblained from Eurostat 14, to obtain estimates of the average
welght and height of European men and women of the various zge groups. The
calenlated weights are given ip Table 2.4

Subsequenily in this repert when siandard weights are required for calculating
natrient needs, the velue for an adult male is taken as 75 kg, with 62 kg for an adull
fernaie, as heinp the mean actual body weights in the age range 30-54 years.

Energy recuirements for each age and sex group were then denvad (Table 2.4) by
raking assumptions about the proportion of men ané women of different ages whe
are inveived in different activity leveis. These arhitrary assumptions are set ot in
the fooinote te Table 2.4, Table 2.4 also indicates the extent to which the
requirements are aliered if an allowance is made for physically desirable acthivities.

Elsewhere in this report, when an average energy intake is required for caleulatng
autrient needs, the daily value for aduli men 15 taken as 11.3 MJ, zed for adull
women, 8.5 MJ, from the mear energy requirement of men and women, without any
addition being made {or desirable physical acttvity.

In developing these ssiimates of energy reguirements it shoald be recognised that
they are based on extensive data relating to the basal metabolic rate of individuais of
different ages but or very Y¥imited information on the average and range of physical
activity patterns :n Europ¢an aduits of different apes. These estimates of
requirsments may then nzed 1o be changed. Social and ecenomic changes will also
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aligr gur esumates. Health promotion is already leading some adults t¢ undeitake
mnore physical exercise in their spare time. Bul autgmation at wark and o the home
15 tending o redoce the demand for physwcal acuvity 0 an unknown degree. The
mote generalised introduction of ceniral heating and cooling of offices, factories and
homes may also zlter behavioural patterns o zn soknown exteni. These social
rhanges mean that the energy needs of European adulig are likaly to alter with ume.
The wvalues presenied here are estmates of camrent European patigms of activily at
work and in leisuere time. They should therefore be treated with preal cacton.

Children

Estrmaling energy cequirements from measerements of expenditure is ideal but this
is particularly difficall in children hecanse so few measvrements have beea made.
There are coherent, fone sianding data on the BMR of infanis, young children and
adolescerts but measures of phvsical activity zre few apd rarely apply to medermn
Europear circemstances, where there seems to have beer azn appraciable decline in
ackivity patterns over e last 40 years, There are now & few measurements of total
enerpy expenditure by the EHI 8¢} method in a selectad group of British chiidren bu:
they may well not be representative of the usuzl pattern i Ecrope. Reliance must
therafare be placed on measures of food intake as well as expenditure data and
these need 10 be related 10 the European children's growth patterns.

Growth patferns of children in Europe

There has been a substantiai namber of studies of children's weight and height at
different apes but these are rarely conducted oo representative populations and no
attempt has been made as yei to denve a collated se¢ of data taking into account the
size of differenl Eurepean groups and the nature of the sampling and messdrament
technigees. The Tanner standards 13, based on about 2000 Londor schoolehildren
and on a smaller sample of pre-schocl children studied repeatedly over many years,
were sel opt in the 1960s, These have heen widely ssed and a British natian-wide
survey ¢ showed thai Tanner's praphs were stll a reasonable reflection of Briish
growth patterns in the 19705, Primary data sources have been obtzined from nine
European covntries, where cross-sectional, mixed longitudinal and longitadinal
stadies have been published in the 1970s and [980s. Values from each country have
been weighted by the size of the popuiauon 10 cach age and sex group ang averagad.
Plots of 1the Europgan growth cucves are very close o the United Staies National
Center for Health Statistics (NCHS) prowth curves. Tables A3 and A4 (Appandix)
snow the mean values for height and weight from | month w 17 years of age; they
comrespond closely with the NCHE values.
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Basal metabolic rates of children

These werz collected and caiculated by Schofield er @l i7 for use by the
FAGMWHO/UNY Committez. Eguations were derived based on ape, sex. weight and
height to derive the averape BMR of boys and girls. These are given in Table A
(Appendix). In practice it is simple 10 use weight alone, although height docs reduce
the variability of te predicted BMR in children 7,

Physical activity and other thermogenic processes

Unforiunately there are few datz on physical activity patterns, energy costs of
growth or the thermogenic response 1w meals in European children of different ages.
If thess wers available it could be possible w build up estimates of the energy used
for BMR and these other processes and Whereby derive requiremsnl values in the
sarme way as in adults. The pre-adolescent datz are sparse and mformation on
adolescents is confined t0 an unpablished Ttafian stody. Two alwmative approaches
involve the use of the 2H,'* 0 method for measering (he total snergy expenditure of
children of the estimation of requiremenis from intake data. The 2H, 0 method has
recentiy been introduced into human studies and only lately have some of ths
hecretical and technical problems associaled with iis use heen evaiuaied 18,
Nevertheless the recent Brtsh report 19 used the data coliected by the Cambridge
group on 355 healthy infarts 10 illustrate that the energy ailowances set out for
children by FAOMWHOMAINLD t were higher than those estimated by adding the
estimated energy depesited duning growth 1o the ZHEIEG estumation of (ol energy
expenditere. This new approach used 2 varety of assumptions which differed frem
those chosep in the nitial validation smodizs en the 2]—1113[] method and it 18 possible
that there might be a small systematic bias in these dala

The FAQMWHG/UNU'S ¢ allgwances for children ender 3 years were based on
measuremenis of energy intakes which themselves are subject 1o ermor and include
assumptions for the digestibility factors for differemt diets which were denved frem
adull studies and may not be iransferable to children. The FAG/AWHO/UNU
zllowsances also included 2 5 % imcreass for a possible vnderestimate of intakes of
enarcy from breast milk in the first vear of life, The same ircrement was assigned on
a prescriptive basis for children in the second and third year. In the values given here
for Europsan children this adjusiment is not included. The daily energy needs of
children decline from 480 kI/kg at birth 10 about 360 kI/kg at 9 months of age because
of the very marked fali in the cnergy need for deposition of new ussee, The otal
enecgy cost of synthesizing and sworing new tissee amounts o a linle over 20 kl/g
weiphl pain aad after the frst year of life is always tess than 4% of energy niggds,
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Infants

Breast feeding provides the best nounshment for new born babies and yourg infants.
in these children thers 1s a0 need 10 develop energy requirement figures; however il
15 someumes usefol to bave these values {or those who are bowle fed. The older
data were based on energy-dense milk formulas and energy intakes tended o be 490-
30 kIfkg higher ithas those now found wih infants feeding on rew formakas which
have & lower solote and encergy toad, These modern formulas sull seem 1o be
consumed in excess of the estimated energy intake of wholly or partally breast-fed
babies. This roay reflect the preater induction of thermogenic responses by fonueia
feeding or differences in digesubility as weil as perhaps the indection of faster
growth rates in formuta than breast-fed chiidren.

Since ¢sumates of envegy reguirements are denved i part 10 heip with the anificial
feeding of children and in the absence of clear information on the opumal growth rate
for long term heakbth, it 15 sensible for ithe preseant (o base infant erergy requirements
an modemn fommula feeding datz, These are set out in Table 2.5, The inwake of 400
kIke/d showld be ample for growth since new eslimaces of inake are now tending (o
he somewhat lower 26, I is beuer, however, 1o err on the side of 2 siight over-
esumate than ar undsresumate.

In children aped 1-3 vears there seems 10 be increzsing evidernce that their
expenditure 1s lower than 40 years ago. This may reflect the lower acuvary or a lawar
thermoregutatory demand in meodem childran living indoors at higher envirenmental
iemperaturas controlled by central heating, or a redeclion in phystcel exertion
consequent upon 1he incrgasing use of carg,

Children aged 3-9 years

The FAQMWHO/UNU report 7 had to rely on intake daia for this age group because
physical activity and toial energy expenditure data are wvery iimited. Few new
stodies have been reported since then so il remains appropriate to rely on inlake
data. In a European context the principal concern in relation to energy is one of
trverweight and obesity in children rather than of vnderweight and malnutnition. So
the additicnal 5 % atlowance prescribed by FAQ/MWHOUINU 1 was not used in
deriving the estimates shown in Table 2.6.

Children and adolescents aged 10-18 years

These can more readily be assessed n 1erms of energy expenditure using a Ssyswem
similar to ihat applied to acdults, Typical time use and enrrgy costs af activities in
boys and pgirls were provided by she FAO/NWHOMUNU approach (Table A5,
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Appendix). In different parts of Europe the demand on adolescents will vary
substantially with many, perhaps especially in rural areas. contributing to the
physical work of the housshold.

Adjustments for these differing activity patievns can readily be made by reference o
Table A5 {Appendix} and the approach adopted for adults, Tabie &7 summarises
the components of energy expenditure and the averape enesgy requirément of
adolescents who ars moderately active with a physical activity level of ateul 1.635 for
boys and 1.55 for gieis, aged 10-13 years. For older adelescents, spending more time
in school and retaed light type activides, calculations are made on the basis of
physical activity kevels of 1.58 for beys and 1.50 for the girls.

Pregnancy

Thers have been several detailed European studies of energy metabolism in
pregnancy since she FAOSWHO/UNU collazton of data in 1981 This has allowed a
re-evaluation of the estimates of need. Swdies on total energy expenditurzs in whole
body ¢alorfimetars 2t have shown considerable vanability in the metabolic changes in
pregnancy in different women. Analyses of post-prandial thermogenesis have foand a
more efficient processing of nulrients with & lower metabelic response to meals in
arepnant and laciating women 22, There have alse besn two major studies in (las-
now and Wageningen as part of an international prospeciive study of the changpss i
food intake. emergy expenditee and body composition during pregnancy 4. These
European studies are still in progress but sufficient data are available 1o justify the
dervation of valoes which differ From those given by FAOMWHO/LND 1.

The original estmates of energy need wers based on daiz collected on the weight
gain and body compositional changes in careful studwes conducted before and afer
the war in Scotland. These data and the approach adopied have besn used
throughout the worid for the las: 30 years 25 If a mother gamed 12.5 kg end gave
hirth t0 2 3.3 kg baby then the total cost of the energy deposited in both matemal and
fetal tissves together with the additiopal cest of maintaining the extra Hssue
amounted 1o an exira demand for $0.000 keal (335 MI} over the whoie of pregnancy
75 The FAO/WHO/UNU Consultation therefore divided this velue by the 250 days
alier the Frst menth of pregnancy to derive an additional need of 2bout 1.3 MJ per
day 1.

The supposed £XIra energy requirement 1s ot maltched by z corresponding increase
in measured focd inake in the new Gilasgow and Wapeningen studies, {r fact an
analysis of 10 siedies in Ausiralia. Holland and Britain shawed increased intzkes of
anly sbout (.42 MIid in the third tAmesier of pregrancy anc there was litele of any
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change before that 1% The UK proposed an inerement of 0.8 MIfday during the last
iimester in view of the coaflicting evidence from intake data and ¢stmaies based on
BMR und tssue compositional changes !9,

The distrepancies in the Eurcopean data between the ¢sumaied need for enerpy
felention n pregrancy and the acteal intake amount to 193 MT in the Glasgow
studies and o 264 MJ in Wagentngen. This imalies an averags energy storage of
0.77-1.06 MI/dzy #2. Some of this saving may reflect &Gifferences betwesn the pre-
pregrancy values for intake and BMR and those used for calculating dats which were
coliected 27 10 weeks of prepgnancy.

The decline 1n physical acuvity in late pregnancy i also difficodt (0 document and
raay be a meckhanism for saving enzrgy.

Variable needs in pregnancy

The estimate of need presupposes that all women are of nosmal weight and susuin
the approprate weight patn which, i the five country study, amounted to 217 kg in
Scotand, I0.5 kg in the Ivetherlands and 7.3-8.9 ke in the other threa countries 2%,
However new detatled araiyses from the US show that both pre-pregnancy weight
and weipht pain are important indices of birth weight, and pernatal morkidiny and
mortalily.

Frovisional weight gain charts relzted 10 pré-pregnancy body mass index are now
avalable showing that thin wamen, e 2. with a BMI below 20, nesd to gain hetwesn
12.5 and 1B kg by 40 weeks of pregnancy and at a cate of 0.5 kpfweek during the
second and third trimester * 10 redoce the risk (o the baby, This compares with a 11.4
to 16 kg gain for most European women with a BMI of 20 to 26 bafore pregnancy and
7-11.5 kg weight gain for overweight women with BMI » 26, The lates1 US Nauonal
Acaderny report #8 estimates the lowest naonaial and post neonatal martality rae is
achieved whep babies are bom weighing more than 3.5 kg, Underweight women
raspond e feod supplereentation during preegnancy by increasing their own body
weight and the tarth weght of iheir children. This implies that the energy
requitements of pragnant women should ke individoally cetermined and :hat
snderweight women sheeld be encouraged 1o eat more 1o improve the chance of
hawving a narmal weipght child. Table 2.8 provides estimates for the additional energy
requirements of anderweight, normal and overweight Eouropegan women who may
either reduce thewr physical activity or be forced 1o matniain their activity patiems,
for example becavse of the demands made by the family and the conunuing need to
work. Thus thin women require an increase in daily intake of shoot £7 MEday from

the 10th week of pregnzncy vnless they become remarkably inactve with a PAL of
I.3% (Table 2.8). Clearly overweight and nomial weight women who are usualiy
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moderately active can zdjust for the extra energy needs by becoming scdentary.
There i3 ne direct evidence that such a2 change occurs, but food intake data suggest
that some adjustment has been made in either physical activity or metabaolism by the
second trimester of pregnancy. On practical grounds therefore, it scems reascnable
to halve the supposed extra enecgy demand, which therefore would be 0.75 Mld
from the Yth week of pregnancy for nomal weight women.

L.actation

The energy requirements for lactation are proporticnal to the guantity of milk
produced. The average energy content of human milk 1s about 280 k100 ml 1. Milk
output data for Swedish and Botush women comeeted for insensible water losses
fram the infant being test-weighed reveal that the amount of milk produced increases
steadily in the first 3 months of breast feeding. Therzafter output depends on the
extent to which weanimg foods are introduced, The greater their use the less breast
milk the baby drinks. Thus masters who continue almest exclusivaly bieast feeding
to 6 months of age produce 750 ml/d bu: this can decline rapidly 1o 300 mi‘d with the
use of appreciable weaning (ood.

In calculating energy costs of miik production an assessment of the comvers:ion
efficiency of dietary epergy 1o milk energy is needed. This has been iraditionally
taken as 80 % although in the original calcutadon 27 this figure was taken as the
extreme; the zctual value was estimated as 97 %. Recently the issue has been
reassessed in Garnbian women in 2 whole body indirect calorimeter 28, The effioency
was calculated from the energy conteat of the milk produced and the inczement in
EME due to the lactational process. The mean efficiency of milk produciicn was 94.7
% with & mitk density of 2.9 klgz. Therefore it is now proposed to use an efficiency
valoe of %5 @ rather then 80 %. Recent separate studies in Scotland, Sweden and
England also found efficiency values of between 87 and 100 %.

"able 2.9 provides new estimates which make use of these allowances and inciude 2

groups of wemen who wean Lheir children to varying degrees after 6 months of
breast feeding. An allowance s included for the average weight loss of 0.5 kg/month
following delivery, From these daws it is clear that the energy demands ol lactalion
are szbstantial compared with those of pregnpancy.
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Table 2.1  Classification of eccupations into TEI* catepories

Light Maderate Moderste/Heavy Heavy
M F Y] F A F M F
160 1,68 225 590 3.0 13 LR 2.3
Housewives Domestic helpers Agricultural, apimal §{ OcCupanons are as
husbandry, forestry | in the moderaef
Clerical and relatad Sales workers and Nishery workees | heavy categery but
woTkers conducted under
Service workers Labourers peorly mechanised
Admimsiraive and . conditions
managerial Prodizction and
relsied transpart
Professional, technical £qQUIpmEnt
ard rejated warkers operators

* These 1EIs apoly under moderately mechamsed work gonditions, They may need 10
be shified towards higher values when dealing with refatively low automation levels.
The values for JE} reporiad in this Table only apply to the part of the day invoived in
work, The values take account of pauses ané intervals in working but they are not
weiphied 10 generate an average daily valne which includes week-end, summer
vacations eic,
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Table 2.2 Energy requirements of a female domestic helper in a Southern
Europear country

{ape 23 years: werght 60 kg: BMR 5.8 MIiday)

Day tyvpe 1 Dray type 2 Day type 3
housewife domestic labour{ agric, fabour
IEL* | hr M hr MIT hr 5
10 1o bed 15 g 1.53 B 193 g 193
2) Qeccupational acltivites
al Houasshoid work 2.7 2 31 i 0.65 1 .63
by Domestic labour 2R - - E 341 - -
¢ Tomato harvesing FRE - - - - g 58
3 Driscredonary acviibes
2) Househoig A4 2 10 - - - -
mainenance
b) Secially desirable 1.7 4 154 1 .82 2 n.az
& Cardinveseular and a0 Q2% (.55 - _ _ _
Tnuscular maintenance
4) Rest of cay 1.4 TS L s 1.59 ] 1.5
Daily Tolal PAL {M]) - 1.53 {456 ]} {1050} 188 {10.89)

intzgrated PAL [MT) 1.69 (3.7
Dy type T = 4 days per week for 10 maonths (48% of the vear)
Day type 2 = 3 days per week for 10 months + & day per week for 2 months (38% of the year)

Day typa 3 = 5 days par week for 2 months (14% of 1he year)

* The EI valugs vsed in this Tabbe are tugher than Lhe comesponding valuss in Table 2.1, because
the sxample descnbes a peorly mechanised siwwaian. The valye for cardiovascular and muscular
maintenance is 2 PAR.
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Table 2.3 The variety of physical activity levels (in FPAL and in Mi/d) used in
estimating energy reguirements in Europear men and women factual
body weight, see tabkle 2.4},

Lifestyle Actvity Level

Incleding desirable
physical activities

Without desirable
physical activities

PAL M AL 3/d
Men aged 18-39 years {wL 740 kL)
Light .55 1.3 1.41 105
Moderate Y78 133 130 127
Heavy L) 135 208 150
aged 60.74 vears {wt. 73.5 kg) 1.31 HIEN 1.4 vl
apad= T3 vears fwl 72.5 k) 1.581 &l .33 B0
Women | &ped 15-59 years (wi 611 kgl
L.aght 1.56 ai T4l B3
Nipderare e 05 1.56 5.1
Heavy 1.82 108 153 il
zped &0.74 years (wr 6481 kgl 156 EX 144 18
aped® 75 years (wi §6.1 k@) 1.36 B3 137 13

The physical activity levels are baset on 1oc 1085 WHOFAQILIND repoit | o0 gneigy
requitements for the men and women under 60 years. An adiustment for eshmating

PAL valges withoul desirable physical activity has been specified by James and

Schafield 12 and dats on the elderly depend on new assessments of physical activily i
thess groups as menitored by Ferro-Lezzi 19
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Table 2.4  Desirable and actual average body weights (kg) and normative and

actual energy requirements (in MJ/d and as PAL) for European
men qrd women of various ages.

Apein With desirable physieal | Without desirable physical
years achvity activity
Desirable* body M1/ PAL n]rd PAL
weight {kg)
Men
1519 653 5 1.37 ne 157
AR50 553 11.5 366 T 1.25
5074 63 5 E 151 5.5 ] 40 i
=75 63,5 g4 151 15 133
Average 114 1LAa7 17 1£4
Weamen
1970 57,3 1 163 5.5 152
30-59 373 8y 160 B3 149
G0-74 555 T8 1.5% 1.2 144
=7 55 [ 1.55 &7 137
Average 87 1.60 8.1 1.4%
Actual**body Mj/d PAL MJ/d PAL
weight
Men
14-2% Tl 134 1.77 127 167
P 30.59 246 12] 167 113 146
5374 735 1040 1.51 Y2 140
) Ti8 o1 151 B 1.33
Averape 121 1.68 11.3 157
Wearmen
18-24 f2.] 96 143 9.0 1Az
1150 A2 4.2 150 ] 1.45
5174 6. ] 6.5 1.54 18 1.
=Ts . ) 158 T3 baT
Average %.2 1.4 R.Z 1.48
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feonrivaees Table 2.4)

+ Desirable weight for observed height taking she BMI as 24

w¥ Weiphied median weights of European men and wormen decved from the studies
lisied below. Drata had to be combined for the whole ags ranpes 18-39 vears and 60
e 75 vesrs becavse approprizie ape groupings were not available, In calcualating
energy reguitecnents, BMR and activiiy data apprepnate wo the specibied 2ge groups
were zpplied. The basal mewbolic rate values were obtaired from Table Al
{Appendix) and a series of assumptions were made for the proporiion of 2ach age
group inveived at light, moderate and beavy physical aciivity levels, the cost of these
levels heing taken ag in Table 2.3, It was assumed that for §8-29 year old Eurepean
men 10 % were enpaped in heavy activity, 70 % in moderate and 20 % in light acuvry
leveis. Fer women of the same age 10 % were alse consideted 1o engape in heavy
activity, 50 % in moderate and 40 % in light acuvity. For 30-5% years ¢old men and
women hall were considered to be at moderale aclivity and the remaining half at hight
activity levels. All men and women over 60 years were specified as engaged n Lght
acyvity patesns.
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for Tables 2.1 1a 2.4
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Tuble 2.5  Estimated average requirements of energy for children aged 0-36

months.

Average weight (kg} Intake Estimated epergy

{k)ikg reguirements (k]/d}

body weight)
Age Bovys Girls Boys Crirls
{maonths}

1 4.0 4.0 480 1900 900

3 6.0 55 420 2500 2300
& 8.0 7.5 400 3200 3000
g 5.0 8.3 A0 3600 3400
iz 10.0 9.5 400 &(XX) 3800
18 11.5 11.0 40 4600 44i%)
4 1.5 12.0 40K SOO0 AE00}
30 14.0 13.0 wo | 5600 5200
a6 15.0 140 4000 6000 5600

Taken in part from reference i9. The body weighls have been rownded 1 the nearest
0.5 kg and the estimated energy requirements 1o the nearest S0 KJid
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Tabie 2.6  Estimated average requirements of energy for children aped 3-%
Yedrs

Average weight (kg) Intake* {kJfkg) Estimated energy
requirements (k}/d)

Agpe Boys (rirlsy Boys {hirls Bovys Girls

(years)

35 15.5 1340 383 375 6100 56350
4.3 17.5 17.0 375 365 £550 H20K)
5.5 19.5 19.5 365 350} 71K 58
6.5 220 215 350 330 7700 Ti00
7.5 24.5 240 330 305 21040 7300
B.5 27.0 270 305 273 8250 1400
9.5 g0 35 285 245 B4 7500

¥ Intake denved from table 23 of reference 1. The body weights have been reundad e the
nzaresi 0.5 ke, and the esumaied energy requirements to the nearest 30 KJ¢d, with some
smoothing of the Gnal values.
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Table 2.7

Calculation of basal metabolic rate (BMR}, Total energy

expenditure (TEE) and average requiremenis of energy sf older

children and adolescents aged 10-17 years

Age {years} L IL8 X5 s 145 155 16.5 175
Boys
Weighi (ke) 3.0 6.5 41.0 470 550 W] £2L.5 645
BME (MIiday) 519 s45 | 578 F 623 F 56T | FiM 738 | 152
TEE (MIiday) 556 Bo9 § 454 1 1028 | 10ss | 112 | iee | T1ER
Growih (MEday) ™" 0.17 020 | 02 | 035 4 835 | €9 026 | 012
Estimated encrgy g7 .10 Q& | VR 10,89 1idl 1197 B0
TeQulraments
{MI/day)
{riris
Weight {kz) 30 I =30 480 0.5 325 54.0 .5
BME (MIfday) 481 LR} R 5549 573 HB4 503 5495
TEE (MJiday) 744 775 | 823 s66 &0 | 875 | 588 201
Growih (MJfday) ™" 0.20 g | oo {1 629 | ora | o4z Y 00 | 063
Estimated Encrgy 764 TS B35 585 274 EER A LA
Requirements e
(MIfday)

at a ¢ost of 21 K per dmly weight gain.

at 2 PAL of 1.65 for boys ard 1.58 for girls aged 10-13 vears, and 1.55 for beys and
1.50 for gitls aged 14-17 years,

*Y The omall decrease in encrgy requirement at this stege relates mainky Lo the [all in

the growih rale.




“Wutrion. Chapter 2: Bnergy 11-12.13%2 37

Table 2.8  Assessing pregnancy energy needs in relation to pre-pregnancy weight
and desirable weight gain.

Pre-pregnancy BMI 18.5-19.9 2000-259 =259

Ideal weight gain (kg) 12.5-18.0 11.4-14.¢ 7.0-11.5

Estimated extra needs (M)

BMR i73 150 1(H)
Mzremal fa store 150 110 &0
Oiher maiercal vissue 20 15 10
Fetus 35 35 s
Theoreticzl toial extra need from 1Mth 360 310 205

WECK of pregnancy

Caiculaed daily exera demand (MDD 27 15 0
from Flth week

£ ]
o
-1
Lh
=
LA

FPractical recommendalicn for extra 1.
intzke from 10th week (MIid)

Pre-pregnancy inwke (M) 21 678 30.30 1250
moderate activity ( PAL 1.64)
Activity PALto adjust for tissue 1.31 £ A0 1.5]

sterage and mewabolism white
Mmaintzining pre-pregnancy ntake

{Calculations hased on National Academy of Science assessment 29 of ranges of pre-prégnancy
welphl and desirsble weight faing which on average were 2ssumed to be BMIs of 5. 23 and
28 with weipht gains of 155, 13.5 and % kg, All women were assumed to be 1.65 m and
moderately active (PAL 1.64 before pregnancy). Values for storage adapted from Dumin 24,
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Table 2.9  Additional energy requirements for lactation

Full breast Milk Yolurme Energy Cost Allowsance Totzl extra
feeding weipnd iy - ) L egauiearTet”
Months mi/d Miid Miid Mid
-1 £80 2.00 -0.5 1.5
1-2 780 2.30 0.5 1.8
2-3 820 242 0.5 182
3-& 130 2.21 .5 1.71
Weaning Practice from 6 months
Minar B30 1.92 0 1,92
Substanual 300 LB 0 {188

Derived from ihe UK repon 1? hot using new value for the efficiency of milk produaction.




3. FProtein

Definition

The physiclogical reguirement for protein of an individuzl is the lowest Jevel of
dictary protein inizke that will balance the iosses of mitrogen fram the body ©a adulis
maintaining enerpy balance ar modest levels of physical zcdvity .

Physiclogy of protein metabolism

The body protean amounts to about 12 kg in adult man. The proteing sre formea by
chains of the 20 aming acids; the structural imegnity of 1he body and 1ts metabelism
are wholly dependent on speoific proteins. The provisior of enough Sietary amino
acids 1o maintain these proteins is crucial to survival.

The hody's proteins are constantly being svathesized and degraded: in an zduit man
cating 702 of protein datly the total protein wernover of 1he body amoants o about
250p protein per day, This in tarn means that about 180g proin 1§ being
resynlhesized withou the involvemnent of new dietary sovrees of aming acids. The
twmaver of proweins s conrotied, thereby allowing the mass of specific enzvmes or
stroctural proteins to be abiered, The inflow of amiae acids from the cells” cvieplasm
inle the bloodstream enabies the body 10 reroute the amine acid supply from one
Grgan 1o another,

The body's proteins contain 96% of e towal bedy miregen so a swdy of airogen
melabolism vsually reflects prolein metabolism. Ciher mikzogenous compounds, e.g.,
creatine, purire and pyrimidine bases and the porphyrins, are all in pant denved from
amine acids. Not atl the 20 amine acids used to provide tngse nitrogen-containing
compounds can be syathesized in sufficient guantity to meet the body's needs. Nine
amino acids are classified as essenwal becaose they have 1o be provided as such in
the digi (se¢ Table 3.7} Methionine and phenyialanine are required as such and also
as sources of cysteine and tyresine. Histidine canmot b¢ made v suificient quannty
for children's needs so hisudine 1s also specified as an essential amino acid (and
may be reguired for adults). it is seppested that other amine acidgs. e.g. glycine, may
e needed in the diet 10 boost amine acid availability when the body's demand
exceeds its capacity to synthesize the amino acid, Thus the distinclion belween
essentizl and some non-gssenlial aming acds is becoming blurred 7,
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Protein digestion and amino acid absorption

Dyigtary proteins are digested by a complex of enzymes secreted by the stomach and
pancreas. Amino acids and peptides are released by selective cazymic sphitting of
the proiein chains. Peptides are hydrolysed fariher by wmiesiinal enzymes so BMING
acids and small peptides are translerred across the intestinal wall

The intestine itself is rapidly turning over with protein-rich cells coniinually
slosghing inte the lumen, The pancreatic, biliary. and imtestinal secretions cf
proleing, topether with sloeghed celis. contribute @ mass of "endogenous” pIolEln 1o
1he imestinal pool. This is thought to amount 1o about 20-83g ar more per day M
et all this endopenous pratein is readily digestible so the residuum, tapether with
any undigested dietary protein and the proteins incorporated into the bacteriz}
sopulation within the small intestine. will pass ime the colon where they are
fermenied by the bacterial flora. Seme of the nitrogen released from fermentation 15
reabsorhed as ammaoniz which can be re-vsed by the hiver to synthestze non-
essential amino acids, Baciedaily produced nutrierts including amino acids may alsa
contribuie to the bedy's needs. Thus the asscssment of pretein digestibility Dy
simply monitaring dictery prowein {or Nj iniake and faecal nilrogen exXCretion
neglects a muitiphicity of events within the iniestine. The differences hertween intake
and fazcal excretion may bear Lutle relationship to the true zming acid supply if
considerable amounts of essential amind acids are lost inie the colon (o be
reabsorbed as energy sonrces such as volatle faity acids and as ammonia. The (rue
digestibility of dictary proteins in man is therefore uncenain,

Neverlhciass, protzing from her's ogps. ¢ow's mitk, meat and [izh are usualiy
considered to he 100% abserbed in adults, Protein-coniaining foeds from plant
sourees are nol s reactly digested and the true digestibility is maore difficull ta
caleulate because of non-protein Necontwning compounds in the plant fond. The fzlf in
anparent digestibitity reflects beth an inevease in faccal N outpui. which stems from
increased tansfer of sloughed celis and proiein inc the celan, and the addiional
prolifesation of colonic bacteria once 4 greater sapply of undipesied polvsaceharides
eniers the calan 1o provide energy Tor bacterial proliferauon,

Large intakes of fibre-rich foods, especially those contziaing ceraal hran, reduce the
apparent digestibilisy of protein by zbout 10%. [hets based on coarse wholc-grain
cereals and vegetables may be given a dipestibility value of §5% and those digts
nased on refincd cereals o correction walue of 95%,



Morition. Chapter 3 Pretesn 11121492 4]

Amino acid metabolism

Amino acids are wansporied {rom the intestine in bath the red cells and plasma, and
are extracted first by the uver and then by the other nssues, Speaific wranspon
systems under hormonal control determine the distnbulion of amine scids. which
themselves not only provide the building blocks for new protzin synthesis but may
aiso sumulate an “anabolic drive” of hormonal secreuon and iissue responses to
amplify the formation of specific proteins 7. The "anabalic drive” may exgiain the
selective effect of dietary proteing, and particularly those of animal gngip sich in
essential aming acids, in stimulating the longitudinal growth of children, In addiion
10 praein svathests individual aming acids are aesded for other metabolic functions,
including the synihesis of peptide hormones, nucleic acids, rewsotransmitlets 1o
contrel brain cell communication, and other hannmones.

The use of the aming acids for prowin synihesis denernds opon the balance of need
bevwern the fast and slow tornover prokeins © and oa ihe controlled chanpes in
synihesis and breakdown occurring in response 10 dietary chanpes . The amine
2c1d compoasition of each praiein is Dxed 50 the contrelied svatiesis of a particular
array of protzins determines the aming acids needed. If some aming acids are wet
availabie in adeguate ampunis then the syrthetic machmery competes for 1ne
limiting amino acids and cannot synthesize the wholg range of preieins in the
intended quantities. Thus amino zcid intake may be 100 hmited for the regoirements
of the growing child or when an adult needs 1o produce a greater mass of specific
proleins. e.2. during pregnandy or faclalen or when tespending 1o an infection with
the predacuon of antihodies.

Each amino acid has its own pathway for oxidaticn. Thay are metabolised and
excreted as ¢arbon dloxide, water and as urea formed hy the fver, The enzymatic
oxicative pathway of each amino acid is controtled in pan by the inflow of the armino
acid so an excess supply leads 10 its preferennal oxidation. The eoxidation of one
aming acid may, however, he affected by the inlow of other digtary aming acids so
the rate of oxidation of an amine 4¢id may not be sglely dependent ¢n its
accumulation in the cellular pools of the tissues.

The concept that oxidation reflects an "gverflow” of an excess imake has been used
10 assess amno acid reguirements by monitoring the oxidative toss of tsotapically
labelled carbon or nitropen in the amine acid at different levels of aming acid inake,
The total amour: of aming acid catabolized to carhon dioxide and wrea is no:
gquivalent o the requirement for absarhed oming acid because of other imeinievable
iosses. Proteing are lost as har, in skin oand intesuna!l celis, in bronchial and cther
secretions and in lacraung womden a3 mulk pretein, New protein formation dunng
growih, prognancy and earty lactanen also has (o he esumated. Aming acids arc afso
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being lost from the hody. as other metabolic non-reutthzeakble products such as
creatinine znd some hommones. It is the 1otz otilisation of cach amino acid which
determnines 15 turnover | the requirement is that minimom dietary intake noecded to
supplement the body's synthesis of the amino acid and meet minimum synthetic and
catabolie processes. This approach neglects the potential need for a greater supply
than the minimam 10 stimuiate the "anaholic drive” of 10 Sustain protein synthesis
rates at 2 higher "optimum” level than the minimum.

Adults in N balance are zssumed to be cating enough profein once an alivwance 15
made far the rretrievabte Joss of body proteins. Egg or milk proein is used since
these proteins are readily digested with a presumed 100 % small intesunal recovery
and the protein’s amino acid compositon is weli balanced. The amino aeid needs of
children and adults are also usuaily determined by N balance. Faecal and urinary
hitrogen output are determined and the net Joss of body prowsins and amino acids
estimated as nilrogen.

If the intake of an esseatiz) amino acid falls below the boady's needs then the other
available amino acids cannot be wsed 1o spstain body prowein metzbolism, hey are
therefore present in relative excess and have o be oxidised with furiher urea
synthesis and arinary N loss. Thus the N colput c2e be monstored at different
carefully defined inizkes to find the level which induces the jowest urinary N outpue,
This gives a value for the minimum dietary raquirement and includes provision for
ather losses in skin hair and secretions ¥

Responses to a low protein intake

The body adjusts to a low protein intake by adapiing over a period of up to 2 week
during which thees 5 s net loss of body proisin amounting 10 2ot 1.5% of the total
protein mass 10 The reduced inflow of amino zcids into the body faits te meet the
body's needs for protein syothesis and amino acids are initiaily axidised by the
highty active catabolic enzymes, which were set at their prevailing level Dy the
previous preiein intake, Protein breakdown comiinaes despite the fali in protein
synthasis so there is a net loss of protein. However the amine acid catabolic
enzymes begin adjusiing within houss 50 the experimental eveluuon of isotepe from
14 or :5N labelled amino acids is rapidly reduced. As adaptation occurs there is an
smmediate fall in urinary nirogen excietion as urea synthesis falls and amino acid
cawabolism ceclines. Thus amino acids derived from both the dier and from protein
hreakdown arc conserved and channelled preferentizliy into prolein synibesis:
activating enzymes for protein synthesis are simulated and ihe cnzyme 201 VILRS
involved in Lhe urea cyele and in amino acid catabolism decline 11, The conservation
of the essential amino acids, which is a fundamenial featire of the melabelism of
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znimals, incieding man, is accentuated. The rates of breakdown of body proteins and
of amine acid exchange across cellular membranes are further reduced so intermnal
recyciing of amino acids within the body's cells is enhanced, The residuz] smino aeids
enleting the blood are also preferentially channelled into protein svnthesis rather
thzn gxidauon, The factors conirolling these events are iargely urknown,

if no dietary protein is given bul energy intzke is maintained then urinary N falis
even forither as the calabolic aming acid enzymes adjust (0 the complete absence of
dietary protein. This obligatory nitrogen tess (ONL) on a protzin-free diet reflects
the progressive loss of body prowin in the faeces, as urea in the urine and as
sloughed and secreted prowins, In a series of 1] studies involving more than 200
adults agad 22-77 years {rom many different countries the ohsarved ONL did nat
differ greatly {mean. 53 mg N/Kg bodyweight /d; range. 41-69 mg) and corresponded
0 &2 mean milk protein intake of 0.33 gfkg bodyweight fday <.

Excessive intakes of protein and amino acids

Excessive proteir intake may be associated with health risks, but the leval of intake
zt which a msk is imouced and the precise role of prowein i the pathophysiclogicsl
processes remain unceriain. The pincipal concerns relate to the mainienance of renat
funcign and bone mass. High protein intakes seem 1o accelerate loss of renal
function tn some kidnev diseases, bul whether these effects of dievary proiein are
relevant to the general population temains uncerain 2. Similarly the potentiai for
gxcess dielary pretein o mobilise hong calcium and accelerzte bone loss needs
further stody 13,

Animal studies indicate that an wnusually high intake ¢f a sinple 2aming acid may
induce not only 2 lgss of appeuie but zlsp secendary metabohw changes in
metabolism which are disadvantageous. Recent reporis of toxic effects associated
with the ingesuon of vnuswal amounts of Eryplophan may relaie to woxic
contaminants bat the use of supplements of selected aming acids in individeals on
Eurnpean dag1s 15 unwase,

Physiological requirements for protein

Eariy attempts 10 eslimate prodein requitements in adubts depended on derermining
the obiipatary niragen foss {ONL) of volunteers and then addimg cach componernt of
the N or protein loss or extrz factors. It was assumed that 100% of the milk protein
{ed was efficiently wilised, {n practice tae provisinn of milk prowin in amouns
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corresponding to the ONL is inadeguate 10 induce N balance because the observed
iass of N increases ahove the ONL value. This is because the input of dietary amine
acids necessarily sumulates a modest Increase in amino acid oxidation and therefors
a 25-50 % rise in arinary N outpul, The minimum requirement for totaliy digestible
protein of high amino acid quality is therzfore grealer than the QL and it is this
higher intake o mainiain N halance which is taken as the minimem dietary
requiresment under practicad evervday conditions : . Measuring N balance is not easy
hecause znalyiical Josses of dictary or urinary nitegen give the false impression of
better N accusmulation in the body. Repeated stedies with shon-ierm balances

casured over about 2 weeks provide estimated mean protein requirements of
(.63 = milk or egp protein per kg bodyweight per day. Longer tem balance stadies
over 1-3 months on 34 aduits fed egp or milk protein sugpesiwed zn average minimutn
protein requirement of (.58 g/kg bodyweightid so the WHO/FAG/UINT Committee
chose an average of (L6 g proteinfkg bodyweight/d as a reasonzble mimimurm figure
for both adult men and women.

This figure is connidercd to be the average minimal wvaiue of dietary prowin
compatible with sustained mitrogan halance in health, The intakes needed to acthieve
N balance have a coefficient of vanation of 12.5 %. Thus the minimum on which an
1adividuai may sustain N balance can vary from about 045 gfke/d w 0,75 gfkg/e. Tais
upper figure 15 censidered likety w0 cover the needs of all subjects and has therefore
been desisnated a “safe” protein imtzke for healthy young adults. The vanous values
for prowan ntzke are incjuded in Table 3.1,

Protein quality and essential amino acid requirements

Table 3.7 provides estimates of the essential amiro acid intakes based on the
classic siodics of Fose 4 zs adjusted by FAO/WHD ?. Rose undectcok highly
contrelied feeding sdies on volunteers fed adequate inwkes of all the aming acids
axcept the amino acig under test. Therefore the studies were not conducted under
physiological conditions and litde is known of the potental impact of the
concentraion of the other amine acids on the cataholism of the tested amine acid.

Several authers have suggested that in adults these estimates of essential aming
acid requiremnents are 100 Jow. In short term balance studies, purifizd amino acid
mixtures contzining more than 1h9e current reqeirement Jevel have failed to allow
balance to occur. From a series of recent experiments on the kinetics of essential
amine acid metabolism in which the minimal physiological requiremeni might be
cblained by estimating the obligatory rates of oxidation of essenial amino acids,
Young ef a5 have suggested néw reguirement values which are aboul two or three
limes bigher than current requirament figures. Howcever these high estmales have
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bzen challenped 1% on mothodotopical and theoreticz] grounds. The relatively low
requirements estimated for adults have been confirmed by a series of nirogen
balance siadies on normal volunteers fed normal digis rather than purifed aming acid
mixlures 17, There seems to be an appreciable need for non-essenlial aming acids or
N for their synthesis at low protéin intakes but dewnied studies zre stli awaited.

Children

The sssessment of needs made by the FAOAWHO/MUING Consuliation ' hag not been
superseded by new informadon suggesiing the need for zny changes in the protein
requirernent of chitdren. The values are based on the amoont of tugh quaiity egg or
milk pretein needed for achieving N balance plus the additranal need for growth.
Table 3.3 shows requirements for childres, with 2 50% increase being added o the
average reguitement to take account of the day 1o day variability in growth, The
cfficiency of vtlisation was assumed to be 70% with all chiidren receiving adeguate
energy intakes. Breast milk N, although containing appreciable guantitics ¢f acn-
aming N, is extremely well wtilised for reasons which are unclear. It is thercfore
unwise 12 rely on breast miik data in producing secommendauons on protein seed for
bottle-fed habies, Table 3.3 is dedved from the FAOMWRHOMUNE report ¢ bt 1aking
account of Ewropean grawih patterns. The values all refer o milk proteis, which s
assumed ta be complelsty absorbed. Digestibility of dietary protein will vary from &7
o 10% of the reference protein depending on the type of diet consumed; cereal diets
rich in fibre have digestibility values between 80 and 90%. Adiustments for tower
quality protein will need 1o be made in the manner suggested by FAQ/WHO/UINU -,
where the total proteir: intake is increased 10 ensare that the inlake aof eech 2ssental
amino acid is equivaient 1o that which woulg have besn ebtained {rom milk prowein.

The essential amins acid requirement as a proparuon of the prolein reguirement falls
markediy with age from 54% in infants 16 34% in adulis. The rezson for this s not
comnpletely explained by the high essemiial amine acid requremerts for growin.
Examples of the essential amino acid reguitements of children aged about two years
and §)-17 years are shown 1n Table 3.2

Pregnancy

The exira protein needs in pregnancy are wsually based on the FAO/WHOAINU
report | these values having beer accepled by the Nasona! Academy of Sciences '8,
The estimates of protein used are bascé on the origina! Hywnen and Leirch 19
estimates of body compositional changes and their hkely protein content, & total of
925 ¢ zceumulated protein being accepted by both proups. Te is increasingly
recogrised hawever thal pregnaney is associaled with changes n proi€in
metabolism which may weli increase the eificiency of wtjlisation of amino acids 2020,
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30 1t may be anwise Lo cons:der that the zceumoelated protein pain his o be
superimposed on the nommal protein reguirement of the non-pregnant woman. Given
hese unceriainties the recommendation of the US RDA commities to increzse
protein imakes by 10 g reference prowein throsghout DIEENancy Seems appIoprikie,

Lactation

The

The nead for lactation will depend on the amount of breast milk provided but, with
cuitable allowances for individual varialion, an extra protein intake of §§ g/d in the
Firat & months is reasonable. with 12 g being needed for the second six months of
breast faeding when the child js beginning to denive additional muntion from feods.

elderly

There are no grownds for reducing the fgure for the orotein requirements ¢f the
chderly. Data collatzd by FAO/WHOAINU 1 suggest thal there may be a somewhat
greater need, but a safe adult fevel of 0.75 pfkg hodyweightfd will provide 2 highker
intake per kg of ican body mass in the elderly becanse of their having lost lean
tssue.
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Table 3.1 Levels of intake of high quality protein for achieving nitrogen balance

in adults.

{g/kg bodyweipht/d}

Average minimum protein UG
Requirement
Population Reference Intake 075
i.owest Thresholid Intake 0.45
(axpressed as gfd)
Males Females
Average Requirement 45 a7
Population Reference Intzke 56 i 47
{increases, gfd)
Pregnancy 10
lLacuation Fizst & months 16

Sacond § months 12
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Table 3.2 Estimates of essential amino acid requirements !
imefke bodywe ght/d }
Children | Children i0- Aduits
abgut 2 ¥ i2y
Amino acid Mean Mean Meoan Population
reguiremernt | requirement | reguirement | Reference
Intzke
Hizudine ? * [B-12]* [ia}*
Isoieucing 3l 28 10 it
Leucine 5 42 4 19
Lysine 64 44 12 16
Mezhionine + Cvstetne P 22 13 i
Phenvlalanine + 65 22 14 19
Tyrosine
Theeonine 37 28 7 G
Tryptophan 12.5 3.3 35 5
Vialing 3% 25 10 i3
Tetal withoot histidine 32 214 B4 i1l

This figure based on work wisth children ?7 remains unceriain with cnly iimited
evidence vei availahle on the essentiality of histidine for aduis.
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Table 3.3 Recommended intekes of protein in children, based on milk protein™

Age*® Bodywe:ght {kg] | Safe iovel {g protein/ Toial intake
kg bodvwerghud) {gfayre*
f-5m 1.5 1.86 F4.0
7-9m 2.0 1.63 15.0
i0-12m 10.0 1.48 150
1.0-15y 11.0 1.26 14 1)
1520y 12.5 1.17 14.5
-3y 135 1.13 15.5
3.4y 15.5 1.09 17.0
4.3y 17.5 1.06 185
5-6y 19.5 1.02 200
87y 2210 1.01 2.0
-8y 24.5 1.01 24,5
B9y 174 101 205
910y 360 (.59 8.5
Males 0y 330 0.59 325
Il 6.5 0.58 36.0
17w 41.0 1.00 410
13 % 47.0 0.97 £5.5
14y 530 0.96 51.0
15y 5%.0 0.92 53.5
16y 62.5 (.96 56.5
17y 64.5 (3.8¢€ 35.5
Fermales 10y 34.0 1.0G 4.0
1ty 315 0.98 31.0
b2y 43.0 .96 41.5
Py 48.0 {194 450
4y 5(1.5 .50 45.5
15y 52.5 0.87 45.5
16y 54.0 (.83 450
17y 54.5 0.80 43.5

* Calculated as m Tables 33 and 34 in FAQYWHOMANG repont 1.

"*  The mudpoint of cach spe group was used, exoept for those below 2 years, where the ages mken wrre
& monis, ¥ months, 12 moadss, b5 yeres (Eor 10-1.5 v) and 2.0 vears (Tor 0.5 10 240 ¥,

A=* Rounded o nearest 0.5 ¢
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4. Essential fatty acids

Physiotogy and metabotism

Dietary fat is a major source of energy and aise provides fat soluble vitamirs and
sxservial faty acids. The propertics of diewary fat are primarily determined by the
composition of its fatty acids, which may be saturated {no dowble bonds),
monounsaturated {one double bond} or polyunsaturated (2 or maore double bonds}.

Cerain potypasaturated fauty acids (PUGFA) of the n-6 and n-3 series {with the
lerminal doubie bond 6 or 3 carbon atems from the methyl end) cannot be
synthesized by man and raust be supplied with tae diet 10 avoid deficiency. The
major PUFA in vegelable oils, lineleie acid (18:2n-6%), enul recently was thought to
be the only true essentiai fauy acid. Linoleic acid can be comverted inte other n-6
fatty acids, such as dikomo-y-Inedcnic acd (203:.%7-6) and arachidonis acd {20:4a-6),
by consecutive desaturation and chain elongation. These tonger chain n-& fatty acids
have an even sironger essential fauy acid activity ard specific physiolegical
fanctions b4

N-6 fauy acids are not intercoavertible with 1.3 fatty acids, such as a-linolenic
{1£:3p-3) found in some vegsizble cils, and sicosapentaznoic (20:5n-3) and
docosahexaencis acids (22:6n-3) found in manne fish, N-3 fatty acids must be
independently suppiied in the dien

Liwoleic acid (18:2n-83 and n-linclenic acid (§8:3n-3) compete for hinding 1o the same
enzyme system, for which a-linclenic acid has 2 higher affiany. Excessive dielary
intakes of a-linolenic acid in relation to linsleic acid may reduce tissue jevels of
lineleic acid mewabalites,

PUEA are indispensable lipid components of celiclar and subceiluiar membranes i
ail ugsies. The extent to which they are Incorporated into membranes conseguent
upon their availability modviates a variety of membrane fencticns, incivding
membrane Duidity, permeability fer metabolitc ¢xchange, activity of membrane-bound

" I the shon formeka describing fakty acids, the fiesl Agure represents the numeer of carbon atoms,
the secomd fipure aficr a ¢ofen represenls the putber of double bonds, and finally the posivon of ke
tenminal Gowbiz bond is indicated (o-x).
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Engymes and receptars, elecirical and humoral signal tronsduction, and hence
preperties of cells and organs L2,

Same highly unsaturated fatty acids {20:3n-6, 20:4n-5, 20:5r-3) are also reguired as
precussors for the synthesis of eicosanotds. These biplogically active compounds,
which include prostaglanding, thromboxanes, prostacycling and leukotrienes, are
regolaters of the cardiovascular system, blood coagutation, renal function,
inflammation and immune response, and a large vanety of other vssve functions.

The quaiity and quantity of dselzry fat tntzke 15 related tw several nsk factors for the
occurrence of corgnary heart disease. This report however s resincted 1o the
requiremsants for esserual fatiy acids and is net concemed with recommendauons for
the redection of nisk of caronary heart disease,

Levels of deficiency and excess

Hnwal signs of lincleis acid (18:2n-0) deficiency, such a3 erowth fallure znd skin
changas, may develop in healiny newbom infants fed a diet with tess shan 1 % of
energy as linoleic zcid for 2-3 months <% In heman adulis, clinical linoleic acid
deficiency has bean described oniv in individuals with chronic disease stawes or after
long-t2rm intravenous feeding, Minimal requirements of linolele acid {or preventing
clirical sipns of deficiency in healthy adulis are pot well defined. The occurrence of
human ¢-iinclenic acid {18:3n-3) deficiency has been reported 42 but the evidence
has be=n guesigned %7 Deficiency of n-6 and n-3 very long-chain PUFA
{metabolites of Linoleic and &-linclenic acids) may occor during the perinacal perind §
but h2s not been documented m human adults. However, 10 most be assemed that
himan adalts do require a certain amouni of a-3 fatry acids 1o replace physiological
losses {e. g. oxadation sad ewcosanoid formation., losses with cellubar debrs).

A large nember of wnfanis kive been fed formulag with very high amounts of linglais
acid {60 % of wtal fat) without the occurrence of any apparent short term adverse
effecis #. MNoneiheless side effects of very high consumptions of PUFA are
concesvable, including formation of potenualiy xic lipid peroxides and allerations of
immune functions. Diets with a very high ratio of PUFA to satwrated fatty acds
{P/S-ratio} canse an undesirabie decrease of high-density ipoprotein (HDL)
choleserol, while similar absolute PUFA intakes with higher fat intakes and lower
F/S-ratios are not associzted with this side effect #1432 High inwakes of very long-
chamn n-3 {atry acids may Increase rates of bleeding and apoplectic insults. Therefore.
It appears prudent i avoid extremmely high diclary intakes of PUFA.
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An increased intake of PUFA raises the need for vitamin E 10 prevent anwanied
oxidation. Fortunaiely foods mch in PUFA iend o contain sufficient vitamun E, but
this is not always the case, and may no! necessarily be so in preparations of
supplements, With high dietary inwkes of PUFA it is essential 10 ensure that the
intake of vitamin E 15 adeguate.

Methods of establishing physiological requirements

Aduitr

Minimal requirements for linoleic acid in human aduhts are aot well establiched.
There are no long-term shxdies on the amount of finoleic acd required o 2N a
stabie hody poot. In laboratory rats a iow dictary intzke of linolewc acid leacs 0 an
increase of a specific trienoic acid (20:3n-8) and the lricne-tetraens ratio (ratio
20 3a-9/20:4n-6), It has been proposed that an increased triene-ietraene ratio may
alsa indicate Gnoleic acid deficieacy in human adults, but there are not enoegh dat to
support this assumption or 1o establish a rel:able threshold level of this ratio above
which clinical signs of deficiency would appear. Thercfore, linoleic acid requirements
of healthy aduits can only be estumated roughiy {rom the resulis of feeding studies 1n
infants. As a lower threshold of habitual intske below which deficiency is probable or
metabolic integrity 15 unlikely to be maintainzd, 0.5 % of dietary energy 1s Sug pasted,
Average physiological requirements are sstimated te be 1 % of dietary encrgy. With
a cerlain margin of safewy, 2 Popuistion Reference Intake of 2% of dietary energy is
propoesed,

In additicn 1o #-6 fatty acids. n-3 PUFA {a-linolenic acid and is metabolites) shoubd
be supplied 1o replace physiclogical losses of endogencus Stores. 1 may bs
concluded from data on current dictary habits in Burcpe that an intake of (.2 % of
enerpy as n-3 PUFA results in na apparent clinical signs and appsars to meel
average phvsiologicat requirements. With a ceriain margia of safety, a Populsuon
Reference Intake of 0.5 % of dietary energy 18 proposed.

It appears prudent to set wpper limits for the dietary intake of PUFA because of
potential untoward side effects of excessive consumption, such as lipid peroxidation,
immunosuppression and hleeding,

Administraton of fish ot providing 1.5 % a-3 PUFA (mainly elcosapeniaenoic acidld
over several months was associated with bieeding problems in adolescents and
voung adubs 13, Suppression of artiinfective functions of leukocyies occurred in
Ruman subjects conseming disls containing 6.3 % of enerpy as a-linglenic ackd % or
receiving fish oil supplements providing approximately 1.5 % of energy s
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gicosapentaenoic plus docosahexaenoic acids 1548 Dietary n-3 PUFA usually
consist mastly of a-linolenic acid, and only a smaller poniton is contributed by s
melabolies,

[l is recommended that habitual intakes of wue) n-3 PLUFA shoold not exceed 3 % of
energy and intakes of total PUFA (n- + n-3) should not exceed 15 % of energy.

(Mher groups

There is no evidence thai csseneial farty acid requirements duting pregnancy and
lactaton zse different, if they are expressed as percentages of energy iniake.

Jt hag baen suggesied ® that the dietary essential fauy acid miakes for formula-fed
infants should ba 4.5 % of energy ior n-6 PUFA and approximately 0.5 % of energy for
-3 PUFA and thess are apw put forward as PRIg for infants 6-tim. Populauon
Eeference intakes for chitdren aged 1-3 vears shonld be 3 % of energy for n-¢ PUFA
and 1.3 % of enerpy for o3 PUFA. Popalation Referznce Intekes for children from
4 vears, expressed &s percentages of energy imiake, shouid be the same as those for
adiles.
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Summary

Expressed as a percentage of dietary encrgy

Adults

n-6 polyunsaturated 0-3 polyunsaturated

fatty acids fatty acids
Average Requirement 1 02
Popnlation Reference Entake 2 0.5
ELowest Threshold Intake 0.5 (L1 T
Pregnancy As for all adults
Laclation As for ail adulis
Children PRI
Age n-6 PUFA n-3 FUFA
6-1lm 4.5 0.5
-3y 3 0.5
4.6y 3 3
T-1y 2 0.5
11 -14 2 0.5
1517y 2 0.5
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These values can be expressed for average energy expenditures in p PUFAM.

Adults

Males Females
n-& PUFA n-3 PLEA n-6 PLIEA n-3 FLFA
Average regquirement 3 8.6 25 {15
Population Reference & 1.5 4.5 1
Intake
Fregnancy (from 1 wesk) 5 i
Lactation 35 i
Population Reference Intakes for yourger age groups (g PLUFA/G)
Age group n-4 PUEA 1-3 PUFA

6-11m 4 .5

1-3w 4 07

3.6y 4 1

f- 10y 4 1
Males ti-14 y 5 l

1517 y 8 1.5
Femules 11-14 ¥y 4 |

1517 v 5 1

Level above which concern should be expressed about possible development of
metabolic abrniormalities:

n-3 PLIFA

-3 PUFA = n-6& PUFA

55 of dietary eneriy

15% of dietary energy
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5. Vitamin A

Physiology and metabolism

Vitamin A can be abtained in two ways: as preformed vitamin A {retinci) and 2%
carotenoid pipments that can be cleaved in ihe body 10 give retincl. Preformed
vizamin A {usually in the form of retinyl esters} occurs naturally only in animals, Jt 15
also synthesized for forification of feodstaifs and inclusion in pharmacevlicai
preparations. Most of the vitamin A in Euyopean diets comes as preformed vitamin
A but a substantial contnibulion is made by carotenoids. mainky feom plant foods,
and overwhelmingly as B-carotene, although some other cargtencids can alsge acl &s
oFovitaming A,

The two contribgtions have 1o be added 16 give the total vitamin A activity. The
widely accepted convention 18 that as they gsually come in the diel 6 pg H-carolene
and §2 ug other provitamin A carcienoids can be considered f0 be putrionaliy
eguivalent 10 1 1g retinol. The weights of provitamin A carptenoids are convened ta
the equivalents of retinol and added 10 the weight of preformed reunol. 1o ¢xpress
the toizl vitamin A in wemes of retinol eguivalznts, e g. an intake of 1800 ug B-
carotene plus 600 pg retinod woeld emount o WD + 600 = 900 pg rennol
equivalerts '. Retinol equivalents are replacirg the older ingernationai uniis (1
imternational unit = 0.3 L retinol) as a measure of viamin A acnvity, in part because
of the problem of 2dding in the contrbaton of dietary carolenoeds

Proviamin A carotencids raise a difficult preblem of bicavailablity. Carotenoids are
ahsorbed hetter frem some foodstuffs and diets than from others and the percentage
converted (o retinol depends to some exient on how much 15 irpesied in a2 meal, The
vitamin A potency wili therefore vary quite substantially according 10
circumstances 1. For practical purposes it is necessary 1o celect some value ihat can
be used routinely and the faclors mentioned were chosen by an FAQ/WRO Expert
Group | Taken over a period of time and 2 vadety of foodstaffs, they are a crude but
serviceable compramise, They have been vsed for many years and are internationally
accepted: there SEEMS NO TCASCN 10 Prapose ay change.

The conversion of carcteaoids o reinol 1akes place mainly 1 the intestinal Mucosa.
The newly formed retingl. along with any prefosmed retinol in the diet, is esterfied in
the intestinal mucosa and transporied to the liver. The liver 1s the major crgan for
storage of reserves of esierified vitamin A, Retinv] esters in the fiver are hydroiysed
ia {ree reiinol. which is pui img the plasma on a carrier protein, rsiael-bnding
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protein, {he rate of output of ratinol from the liver is cantrolled so as o keen the
plasma retino! concentration fairly constant. Dictary vitamin A sutpios o immediate
requirements is used 1@ build up Yver reserves, which can subsequently be drawn
Lpon during any temporary distary shortage.

Retinol is delivered by retinal-binding protein to the tissues that wiilize it In the gve
it serves in its aidehyde fonm as the light-gathering part of the visual pigmenis. In
other organs it has different functions, being necessary for growth and development
and for the normal differentiation of cells; in this role, perhaps in the form of retinoiz
acid, it appears 10 react with nuclear receploss o modify £2ne expression ©.

Levels of deficiency and excess

The reserves of ratiny! esiers in the liver can be used (o maintain the plasma reonol
concentranon reasonably constant, 50 normal delivery to largel orpans <an conuaue.
Only when the liver reserves are exhausied does the plasma retinal concentration
falt below 20 ppfdl (0.7 umal/L} and geficiency signs begin 10 appear. An early
indicaton 1§ trapaired adapation to low-inensity i1ght {night blindness). Chher signs
show, and in the later stages drvness of the conjunctiva and comea {xerophthaliia}
develops, which can lead to permanent eve damage.

Imakes of viiamin A in excess of needs are used w huild up liver reserves of reiinyl
esters. If however very large amoonts of retinol and rennyl esters are lngosted, they
¢an overwhelm ihis liver mechanistm and cause liver and bone damage, hair lpss,
doutle vision, vomitung, headaches and other abnommalities.

Large single dozes (e.g. 300 mg in aduolts) car cauvse azcule woxicity, but
hypervitaminosis A usually arises from chronic ineestion of retingl or retinvl esiers,
ROt necessanly sn very large amounts (2.2, 15 mge per day) but sufficient ovar a perind
of time te build up stocks that exceed the liver's ability 10 store or destroy themn 1. It
has been sugpesied that even lower dafly doses can cause liver damage if waken for
long enough “.

Woest of all. retinel and retiny] esters are highly teratcgenic *, prohably as a
consequance of the excessive formation of retinaic acid, which mocolates rene
expression * and is a natural morphogen 5. The Jowest intake of retino} (free or
esieritied) hat has teratogenic polential cannot be estimated reliably from the
avatlable data. Regular consumption of more than 6,000 Mg por day has been
assoziated with birth defecis, but the risk seems not o be high unless much larger
dmounts are tzken, chronic intakes of 30.000 ug per day will almost certainly he
eratopenic .
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It is recommended that single doses of retinol and retiny] esiers should not exceed
120 mg retinol equivatents, and regular intakes should not exceed 3,000 upg/d for adu t
men, and 7.500 pgfd {or women that are nol pregnant or likely 10 become p'Egnant
Prespant women should net take supplementary vilamin A except uncer medics]
Supervision. Proportipnately lower amounis are suggested for children 5

f-Carotene does not cause hypervilaminosis A because it cannot be converted to
retingl sufficienthy quickly.

Methods of establishing physiological requirements

As mentioned. vitamin A absorbed in excess of immediate needs is stared in the
Yiver in esterified form. The size of the iver ressrve is therefore the best ohjecuve
measura of vitamin A status. and is comanonly psed for post-meriem sindigs,

A hiochemical measure thal can be casily made i Hving subjects is the plasma
reuncl concentration, but this is an insensutive ndicator of vitamin A statas, for =
homoeastalic machanism maintains the plasma level reasonahly constant oves cuite

2 wide range of liver reserves. The plasma retingl Concentralion falls 10 a potendaily
hazardaus Jevel only in the Jater stages of deficiency. when gther 5:gns are beginning
o show.

Mast recommendations for the vitamin A reguiremenis of adults have been based on
repletion swdies with viiamin A- deplmed human voluntesrs. The best known are 1ne
so-called Sheffield experiment in UK " and a later, and more thorough, American
investigation 9. n these studies increasing doses of vitamin A werz given ¢
depieted volunleers o cure deficiency signs such as impairzd dark adaptation,
sbrormal eiectraretinegrams, foilicular hy perkeratosis and lowered blood
haemogiobin and also to resiere normal piasma retinol CoNCenrations.

Another approach suggested by Qlson 10 defines vitamin A stalus in lerms of an
adequate hody pool size, conveniently expressed i terms of the liver viiamin A
content, Olson proposed as & coierion fo¢ vilamin A sufficiency a liver concentraion
of 20 g retinol (or the equivalent ia the esterified fc:'m} per & wet weight hiver. This
level for vitamin A resarves meets a nomber of criteria ’

1. Np ciinical sipns of deficiency have been noled jn sobjects with this liver
SONCentration,

7 Thig liver concentration will maintain a sieady-s1ae roncentration of rennol in
the plasma above 20 pgdl (0.7 JmolfL).
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3. This concentration shou!d maintain an adult on a diel comaining no vitamin A
free from defliciency signs for a period of montks.

Translafion of physioiogical requirements into dietary intake

QOlson '% suggested a method of calculating the mesn dietary intake nesded to
maintain & liver retinol concentration of 20 pgfp assuming that the Liver reserves
represent 90% of the total body vitamin A and the efficiency of siorage in the Bver of
an ingasted dose of vitamin A is 50% (reported values 40-20%)

Studies with radioactive vitamin A in eight adult male vojunteers * gave a mean
fractionai ¢ztabolic rate, ie. the percentage of wial body stores lost per day, of 3.5%.
Calculations based on this and the assumptions mentioned gave & mean dietary
imake of 6.7 pg reingl per kilogram body weight per day. For 2 75 kg man this would
be 503 jefd; for 2 62 kg waoman, 415 pard,

The coefficient of varjatian for the rates of depleden in these expenmental subiects
was 2boul 209, 80 the mean + 285D daily dietary requiremen: would b2 503 g ~ 201
for men and 415 pg + 166 for women,

Although these calculations rest on 2 number of assumplions that have 10 he
arbitrary and will not hold in el circumsiances, the derived requirements appear
cansistznt with the effects an deficiency signs observed in depletion-repleiion
stndics in heman volunteers "% They also provide seme indication of what the
rangs of individoal requirements might be. even though anly eight subjects were
investigeted. Such calcujauwons have been used as the basis of the lates:
FAOMWHO ! and UK ¥ recommendations.

Other reviewing bodies have preferved to bage their recommendalions on repiction
studies. Some indeed specificaily reject the bedy pool approach M in pan because
of some doubis abost the assumptions wnderlying the calewlations, but mainly
hecavge it was thought safer to have reserves 1o the Diver higher than 20 pefe. and 1w
alm for @ piasma retinol concentration above 30 uefdl {1 pmol/L) rather than 20 pe/di
{07 UmelL). Mild deficiency signs have been reporied in some Amencan volonteers

spleted of vitamin A when plasma concentrations were between 20 and 30 pgfdi
(.7-1.0 pmeWL) . To maintein plasma retinel concentrations over 30 pg/d! a mean
dazlv intake of 500 pg appeared to be needed in adult men; the current US RDA for
adult men is set a1 MO0 wp. For adult women it is 800 pgd 13

Repletion studies howewer kend 1o overesumate requirements becazuse deficiency
51gns often ake some tme ©improve when a small curadive dose of vitamin A is
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given, and there is understandable reluctance to keep subjects on tow intakes for
prolongad periods.

Bath the body pool caleslations and the interpretations of the results of repletion
experiments are open 1o criticism not least because hoth dave w pe hased on a small
namber of subjects. There zre also differences of opinien ar what ¢nikerion of vilamin
A sufficiency should be adopted, notably in terms of the plasma retino! CONCETTANCT.

Although a homoeostatic mechanism maintains the plasma zetivol concentration
rezsonably constant in an individual, the Jjevels differ between commuities. In
indusinialised countdes the values are usuaily high, e.g. in 2 recent survey in UK, e
mean plasma retino! concentrations for adult men and women were 63 ppidi (2.2
mobL) and 54 pg/dl (19 pmal/L) respectively 1%, In other parts of the world much
lower concentratons scem compatibie with normal function and health. For example,
many Thais maintain concentrations below 30 pg/dl (] umoiL) even when liver
stores are guite high '%,

T3 is unclear why in prosperous ¢ommunities high plasme retinol congentrations are
normal and why some such subjecis when given an A-low diet siart 10 develap
deficiency signs at plasme concentrations well above those mantairing kealib and
normal function in ether countries, The possibility should b2 considered that same
populations have adapied to a high dietary intake of retinol and their bigh plasma
concentralions are a censequence of thai adaptation,

Europeans and Morh Amenicans are untikely to neec plasma relingl CORCEMTalgns
higher than are adequate for many other nations. The National Research Council 13
recommended for USA an allowance of 1000 1ig/d in oxder to maintain a plasma retinci
concentration of 30 ugfdl (! pmolfL) mm most adpit men. Making r=asonabie
assumptions about the coelficient of vanation and the consegquerl range of needs,
one would predict, if this recommendaton is reahsiic, that large numbers of men in
the world would receive less than the minimum necessary and visamin A deficiency
would be far mpore widespread than it is. It seems doubtfol if it 18 necessary 1o
maintain 2 plasma retine! concentration abave 30 jgfdl (1 prmol/L) for the whole
population.

There seems no need 10 encovrzge high consumplion of visamin A n Euzepe, Intakes
appear to be adequate; there is no deficiency. In North Amernica there is some
concern about excessive intskes of vitamin A 3. This Commitiee 7 has advised
women who are or might become pregnanl 1 avoid eating liver bacause of its hgh
vitamin A content. and has recommended pregnRant women not Lo 1ake
supplementary vilamin A In amounts greater than the RDA (here PRE)
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in thesz circumstances it seems bewer 1o discourage rather than encourage higher
vitamin A intzkes. It is proposed that recommendations be based on the body poal
procedure as described, ie. that used by FAO/WHO ¥ byt with bedy weights
approprizte for Euaropeans. The rounded off values for adult men and women.
expressed in reting! equivalents/d are:

Population Referenee Intakes Y00 pe (men), 600 ug (women):

Average Requirements 500 ue (men), 400 pe (wemend;

Lawest Threshold Iatakes 300G pg {men), 250 pg {women).
Children

Whereas adult needs for vitamin A seem (o be determined largely by 1he destrucsion
of body stores, children have a requirement for growth, bat na 200d evidence ig
available for estimating population reference tntakes for ¢hildren.

~ost recommendations for formuia-fed infants are based on the amounts 5 breast
ik, e.g. the mast recent FAQ/MWHO value of 350 ug retincl eguivalents/c U1, This is
likely 10 be an overestimate as po breast-fed infznts aver show signs of A-
deficiency, even on mizkes of 100-200 pgfd 1895 The value of 350 pp retino!
equivalentsid is however proposed as the PRI for infants 6-11m.

PRIs for older chitdren are put forward to make a smooth transition from the infast 1o
adull valuss as shown in the summary. There is fistle direct evidence o SEPpOrt
these values, but they appear uolikely to be urderestmates; Reddy 20 hes repongd
that 2 daily intake of about 300 pg will meet the requirernents of pre-school children.

Pregnancy

In pregnancy extra vitamin A is requirsd for the prowth of the feius, for its
mainenance. for providing some small reserves for the fetus, and for maternal tissve
growth. Much of the requirement for newbomn infants seems 1o be for rrowth, The
fetus grows rapidly during the third trimesier, and prasumably has needs asing
wowards those of the newbom.

Recommendalions for zdult females are intended 1o maintain 2 liver concentration of
20 pg renngl equivalents per gram wet weisht. Women wiih such a liver retingl
coneentralion would need an extra supply of retinol to cover the demands of
pregnancy. An increment of 100 pg daily threughowtl pregonancy would enhance
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maternal siorage 1o provide adequate vitamin A for the atowing fetus in late
pregnancy. A PRI of 700 pg retingl equivalents per day is proposed.

Many European women will have imakes of vitarnin A higher than that when nol
pregnart, so their habitual diew will be amiple for pregnancy. AS mentioned, vitamin A
is highly teratogenic, and conswmplion by prepnant women of mors than 6.00K) hg pet
day has been associated with birth defects 3. Pregnant women on & good dier should
not take sopplementary vitamin A except under medical advice,

Lucration

If it is assumed that 350 pg retinol is sepplied in the milk, the maokher needs to have
this replaced. The increment proposed throughout lactation is 350 pg retinol
zquivakents/d.
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Sutnmary

fall a3 vy rehinol equivalenis/d)

Adulrs Males Females
Average Requirements 500 400
Population Refarence Intake T 600
j.owest Threshold Intake 3060 250

Population Reference Intakes for other groups

Children- Age Group PRI fug retinol equivalents/d)
6-Hm 326
1-3y 400
4 6y 400
7-10y 500
Males 11- 14y o8
15- 17y [
Females 17-14% 000
15-17 v 600
Lactation 050
FPregnancy TH) (wotal intake)
(Supplements to be taken -
only under madical advice)




63 Feporis of the Seienlific Troumitiee Tor Food: 3ist series

Potentially harmfuf intakes of retinol (free and esterified}

Singie doses should not exceed 120 mg,

Regular intakes should not be greater than the fctiowing 15

L Adults

Men S000 1 p/d

Women that are not pregrant or jikely 1o becoms TR00 Lefd
pregnant®

Infants G-11m G0 raid

Children 1-3y 1800 pe/d
1.6y 000 pe/d
710y 450031/ i
11-17 ¥ 6000 pptd

Therapeutic doses may exceed these imis, bt orly under medicai supervision.

~ Pregnant women should not take supplementary vitamin A except under meticat
supervision.
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6. p-Carotene (and other carotenocids)

B-Carotene 15 the mos: abundznt member of the earptenoids, a group of pigments cf
which more than 500 ars known, They are widely distabuted, particularly in the plant
kingdom. In terms of human notrdion, interest in the past concentrated on Lhe
function of 3-carotene as a precorsor of vitamin A It can be cleaved enzymizally o
give resinol, mosily in the imestinal mwucoss. Some other caroienoids can similarly
pive nise 10 rzanel. bot not so effectively as B-carowene, Most carctencids have no
proviiamin A activily and in the past have not usuzily beer considered in human
nagLion.

Recently however much interest has been shown 1o pessible functions of B-carotene
gther rhan as a provitamin A, Ti can act az an antioxidani, inactivaling certain
reactive ¢oxveen species such as single! oxwyeen. It can be a chan-hreaking
antioxidant a2 hipid enviranment. Giffenng from the mzjor fat-soiuble antioxidan:,
vitamin E, in being mest effective at the low partial pressures of oxveen found in
mammalian 1issues |,

Some of the dietary f-carotene Is converied o vitamin A, but some 15 absorbed
mmtact, and increased dietary intzkes are associated with increased plasma
concentrations <.

Carotenaids thal are not provitamins A but have a chain of nine or more douhie
bonds would be expected 10 have essanhally the same anitoxicant properues. In
considenng the biclagical acuvives of f-carciene other than as & precursor of vitamin
A, one should alse consider other dietary carclenoids. A nembar of carotenpids are
found in human plasma and ussues, including p-carotene, a-carsiene, lycopzne,
cryptoxanthin and lutein. They may differ in metabolism and rate of uptake by
tissues, and thus in biolegical acion #. B-carotene (and other carotencids) can
therefore be considered as among the array of anuoxidanis, including vilamins E and
C, whick have beer implicated in the protection of tissues from disease processes
involving ftee radicals.

Much work with culmured cells, tissee preparations and experimental animais has
indicated that fj-carolene and other carctenoids may protect against mutagens,
decrease maiigrant wransfermatians, prevent the appearance of tumours and enhance
immune responses, among other things *. The findings are uscally based on either /n
vitrg systems or the emplavment of much larger amounts of carotenaids than in a
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normal diex, so their relevance to physiclogical sutitional requirements in humans is
uncertain.

The most persuasive nuritional claim put forward is that 2 high dietary intake of fi-
cargtene. or caralenoids, confers some protection against cancer. Dietary
epidemiolcgica) studies have shown fairly consistently that peaple with a relsuvely
low intake of B-caroiene or total carntenoids have a higier risk of czncer, especizlly
lung cazncer 3. There is an inverse correlaiion belween serum fi-carotene
concentration and risk of cancer &7, While there appears to be an inverse relationstip
between the consumpiion of carplenoid-containing fruits and vegetables and the
incidence of cancer, there is no proof that f-caroiene or carolencids are the protective
factor. Prospective trials of the possible health benefits of f-carotene other than as a
provitamin A afe in progress. Unil the results of these are known, 1l 5EEems
unwasranted to make any recommendation other than to encourape the conswmption

of vepstablzs and frng

Very igh doses af p-carotene may turp the skia yeliow, but are not 10Xic ¥

Summary of proposals

There is 2¢ yet insufficient evidence to rscemmend ths consumplion of any specific
amoun: of B-cargiene, or carolenoids in general, beyord what 1s needed to supply
vitamin A.
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7.  Thiamin

Physiology and metabolism

The principal mewboiic function of thiamin (vitamin B} 18 as the precursor for
thizmin diphosphate (ihiarain pyrophosphate}, which is the coenzyme for a number of
reactions invoived in carbohydrate and branched-chain amino acid metabolism and
centzal energy-vielding metzbolic pathways. In addition thiamin triphosprate has a
role in the propagasion of nerve impulses in the nervows Sysiem 1 Meost thiamin in
faods is presanl as phosphates, mainly thiamin diphosphate. These phosphates are
hvdrolysed by phosphatases in the intesnnal lumen: free thiamin is absorbed in the
upper small intestine. The absorption of thiamin is impaired by alcohol, While
intestinal mucosal cclis take up thiamin normally 1n the presence of aleohol, there is
impaired transport from the cells into the circulation 1. Some thiamin i3
phosphorylated 1o thiamsn monophosphate during absorpnhon, of on passage through
the liver.

Both free thiamin and thiamin mencphosphate circelate &t low copcentratans in
nlasma, bound i alburmin; they are taken up by tissues, and converted 1o thiamin
diphosphate (and thiamin uiphosphate tn nerve nissue). At high intakes, when the
alpumin bindipg capacity is satprated, the Cxcess (umboundy vitamin is repidly
excreted in the urne. A small amount of thiamin 15 excreted in the urine unchanged
(normally about 3% of & rest dose). The major exeralory metabolite 1s thuochrome,
although same 20 additional mewabolites are excreted in smail amounts, There 15
Ble storage of thiamin in the body. and mewabolic abrormalites develop within a
few days of initiating a thiamin-deficient diet,

Deficiency and excess

Thiamin deficiency can result in three distinct syndromes.

(i) Benberi, a chronic peripheral neurilis, which may or may nei be associated
with heart failure and cedema.

(i) Acute pernicious (Felminaung) heriberi, in which heart failure and life-
threatening metabolic acidesis predeminate, with iittle or ne evideace of
peripherai neurilis.
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(1) Centraz)l nervous system disturbances, Wernicke's encephalopathy with
Korsakoff's psychosis, This is most commonly associated with alecholism and
narcobic abuse.

In generz), an acute deficiency s involved in the central nervous systera lesions of
the Wernicke-Korszkoff syndrome, and a relatively high energy intake 15 2
predisposing factor. Beriberi is more commoniy associated with a more prolanged,
iess severe, deficiency, together with a generally low food intzke. A higher intake of
carbohvdrate and physical activity predispose 1o the development of heart failure and
oedema.

The intestinal absorption of thiamin is readily saturated, and no more thap about 2.5
mg can be absorbed in a single dose. Thiamin in the bioodstream which is not bound
lo plasma proteins is rapidty excreted in the arine &, There i3 ng evidence of toxcity
of thizmin 1aken by mouth, al intakes of up to 300 mefday (for | month).

Requirements

Adulls

Racause the principal metabolic rale of thiamin is in energy-yielding metabohsm, and
especially in carbohydrate metabolism. the requirernent is related to energy intake.
Saturation of the red celi enzyme transketolase with it coenzyme, thiamin
diphosphate, providss & convenienl means of assessing the adequacy oi body
reserves of thiamin. This is pengrally expressed as the transkatolase activalon
coefficient — the ratic of 2nzyme activity with added thiamir diphosphatef that
without added coenzyme.

Clinical signs of deficiency are seen in subjects receiving less than 30 pa/™MI, se s
is obvicusly an inadequate intake, In 2 long-temn feeding study, ar miake of 45
ug/hiT led to a progressive deciine in urinary excretion, falling 10 15 pg/24h after 20
menths, There were no ¢linical siges of deficiency, but after 30 menths there was an
impairment in the mewbolism of a 1est dose of glucose 34, This intzke is thevefore
marginally inadequale.

in depietion / repletion studies, mtakes of about 50 jgp/MJ are adequate to mainiain
urihary excretion above 15 jpfday. The average requirement for the maintenance of &
nomal erythrocyte transketolese activation coefficient is 72 up/MI 58 Allowing for
individua! variaticn, this gves a PRI of 100 pg/MJ. For peoplie on energy intakes of
less than & MJ/d. thiamin reguirements may noi be related direetly to energy intake.
For them a PRI of (.8 mg/d 15 seggesied.
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Maximom activity of erytheocyts transketelase and compleie sateration ol the
enzyme with its coenzyme require an intake of i40-190 pp/MI T There 12 o evidence
that this comfers any henelni, or i 2 desirable aim.

Qther age groups

There is no avidance that thiamin requirements of women differ from these of men,
gther than as affecied by energy expendilure, o1 that children, adolescents or the
elderly have different requiremzats /M] encrgy intake.

Pregnancy and lactation

In pregnancy and during lactetion thiamin requirements/MF cnergy imtake are
unchanged. The thiamin produced in the milk shoutd be covered by the extra amount
accompanying the increased energy intake.
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Summary

The requiremert for thiamin depends on the vulisation of erergy-yielding substiraies.
It therefore increases with the energy expenditure.

72 pg/MIJ

Average reguirement
Population Reference Intake 1080 pg/MI
Lowest Threshold Intake 50 ug™I

These can be expressed for average ensrgy expenditure in me thiaminid.

Adults Males Females
Average requirement 0.8 06
Popualation Reference Intake 1.1 09
Lowest Threshold Intake 0€ 0.4
Pregnancy Li)*
Lacrauon 1.1

* From 1kk week of pregnancy
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Population Reference Intakes for younger age groups

Age Group PRI {mg/d)
6-1lm 0.3
-3y 0.5
4-6y 0.7
710y 0.8
Males 11 -14¥ B
15-17 1.2
Ferales 1.1y G9
i5- 17y 0.9
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8. Riboflavin

Physiology and metabolism

Riboflavin is the precerscr for the synthesis of two coenzymss, dbollavin phosphate
(flavin mononucleclide, FMN) and flavin adeninz dinuclzotide (FAD}, and
covalently bound flavin prosthetic groups in enzymes. These function in a variety of
enzymes catalysing oxidation ard redecticn reactiens and electron tramsport,
riboflavip is thus involved in a wide varety of meiabolic pathways, including ihe
biosyathesis and calabolism of amino acids, falty acids and carbohydrates.

Apart from milk and eggs, which coniain a relatively large amouni of nboflavin bound
to specific binding proteins. most of the ribofiavin {in foods is as nibefiavin phosphate
and FAD bound 10 enzymes, After velcase by digestion of the enzyme prownrs, the
coenzymes are hydrolysed in the intestinal lumen by phosphatases. The resutant
free niboflavin is absorbed in the upper small imesting by 2n active process.

Ribofiavin is transported in plesma both as the free vitamin and as coenzymes.
bargely bound to pizsma proteins, There is rapid excreson from tissues of any
ribofizvin which is not bound te enzymes, and hence {enctionaily active. Riboflavin
and riboflavis phosphaie whick are not bound to plasma proteins are rapidly excreted
by the kidreys, both by simple filization and by aciive secretion into the unine. Active
resorption af dboflavin from the vrine is saturated al normal plasma concenwatjons of
1he vitamin, and so 18 mainly important in deficiency, acting to conserve ihe vitamin.

About 25% of the urinary excretien of riboflavir is as the wnchanged vilamin; the
remainder is excreted as a variety of meeabolites, There iz little or no storage of
ribofiavin in the body, ary surplus intake is rapidly excreted. Once intake 15 adequaie
to meet requitements, the urinary excreton of the viwrmn reflects intake until the
capacily for intestinal absoepiion is exceeded. There is very efficient conservalion of
tissue nboflavin in deficiency; as the vitamin is released by protein breakdown, it is
re-used in the synihesis of new enzymes. Only that relatively small proportion which
is cavaiently bound 10 eazyme proteins cannot be re-utilised 1.

Deficiency and excess

Ribeflavin deficicncy js characterised by lesions of tbe margin of the lips {cheilosis)
anc¢ comers of the mouth {gngular stomatitis}, o painfu! desquamation of the wague,
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s that n is red. dry and awrophic, and a sehorrhoeic dermatitis, with fliform
axcrescences, Jhereé may alsc be cenjunctivitis, with vasculansaiion of 1he comea
angd opecity of the lens, leading to the developmernt of cataract. On 2 plohal scale,
rthoflavin deficiency iz commaon, yot never seems (o be fatal, since thers i very
efficient conservation and revtilization ¢f riboflavin in tissues wher the dicary intake
15 inadequate.

Riboflavin deficiency can alse resuli in secondary deficiency of iron, leading to
andemia; tron absorplion is unpaired in deficiency, and the milisatior of iron reserves
also requires niboflavin, Simadaely, riboflavip deficiency can resuit in itnpaired
formation of ihe active mewabohie of vitamin B, and can thus lead 10 secondary
vitamin By, deficiency, and can aiso impair the metabolisin of tryprophean, so leading
to development of the tryptophan-ntacin deficiency disezse peilagrs 2,

Inadequate ribeflavin intake can be demonstrated bigchemicaliy by measunng the
eryvthrocyte giutzthione reductase {EGR) activation coefficient, EGR s an ¢nzyme
which has FAD az a coenzyme; addition of FAD in virro increases its acuvity. The
size of the activation coefficient is inversely related to dhoflavin status,

Ribeflavin kas 2 fow solability in water, and there 35 only a Hmited capacity for
absorption, There 1s also ramid excretion of any tfboflavin not bound te enzymes. This
mesns that there 1s little or no accumulation or storage of the vitamin in the body,
and theze is no evidence of zny toxicity of ohoflavin ke by moath, There is some
concernt about the safety of lugh doses of nbollavin given o infants undergoing
phowotherapy for neonatal hyperbilirebinasmia.

Requirements

Adult males

A number of stedies of subiects maintained on conrolled intakes of riboflavin over
several months, conducied in the 1940s and 1950s. defined the requiraments of male
adults

Leong-term studies of subjects maintained on controlled intakes of nboflavin show
that (.35 mp/d 15 inadequaie 10 prevent signs of deficiency. Intzkes of G.7 mg/d do nat
result in deficiency signs over 41 weeks, while it 22 subjecis maintained on 0.75-
0.85 mgfd, deficiency sipns were séen m only ene. Epidemiological studies show thai
chmcal signs of deficiency are apparent i subjects whose habiteal intake is between
(L5-0.8 mpfd. but not 2 higher intakes 34,
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I1is thus apparent that a riboflavin inwke of 0.55 mp/d is inadequate, and intakes
between {.55-0.8 mg/d are marginally adequate. In subjects maintained on graded
intakes of riboflavin from (1.55-3.55 mg/d, there is a ¢lear inflection in the relationship
berween intake and excretion. with s considerable increase in the excretion of the
vitamin as intake is increased from .1 to 1.6 mgfd. Avintakes of 1.1 mg/d and below,
only 2-7 % of a test dose is excreted over 4h, and basal excretlon is below
100 ug/24h, At intakes above 1.6 mp/d. 23-37 % of the test dose is cecovered in the
urine over 4§, and basal excrelion begins 1o increase with intake 4.

There is no information on the excretion of riboflavin at intakes between 1.1 and
1.6 mp/d. Nevertheless, it is clear that iptakes below 1.1 wmp/d may be adequate to
prevent the development of deficiency signs, but do not fill tissue reserves, while
intakes above 1.6 mp/d zre maore than is required, so the excess i§ excreted. By
interpolation, ihe ‘critical imtake' at which excretion increases sharply is 1.3 mptd,
and this 1s wken as the averape requirement for adult males 3,

There have been no detailed studies of nbeflavin yequirements of aduits in which e
EGR activation coefficient has been used as an index of status. In one fopodl &n
iatake of 0.53 mg/d resulted in a significant elevation of the activation coefficient in 6
weeks, showing that this level of imake is inadequate 1o prevent the depletion of
hody reserves and the developmen: of biochemicad deficiency 5.

Because of its central role in energy metabolism, it has been conventional 1o express
ribofiavin requiremnents on the basis of energy intake. However, flavoproteins are
atzo involved in a large number of other reactions. 5o niboflavin TeQuirements arz et
related only toc energy expenditure. The recommendations here are therefore not
being given in terms of energy.

The zverage requirement of sdult males is being taken as 1.3 mgid, as menticned
above. In the urinary excretion stedics 1.6 mafd appeared to be adequate for all aduit
males, 3nd this i$ given as the PRL

Deficieacy is highly probable on intakes of less than 0.6 mg/d, and (his is ken as
the Lowest Thresheld Intake.

Adult females

Although not conclusive, there 35 a fair amount of indirect evidence that the daily
amounnts of nboflavin required by women are Jower than for men. One would expect
this a priori, and other reviewing bodies have reached this conclusien. The
recommendations for adult women are therefore reduced in amounis per day belaw
those of men. roughly in line with body weight. The Averape Requirgment for women
15 therefore given as 1.1 mg/d, with a Population Reference Iniake of 1.3 mg/d. The
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Lowest Threshold Intake is pot reduced beiow .6 mgfd, in the absence of any
informanon that it would be safe 10 do 0 1In women.

Children

These are no pood datz on the riboflavia requiremenis of children. The PRIs given
are derived from those of younp adelts on the basis of energy expenditure.

The PRI for infants 6-11 m is based on the finding that Gambian infanis n their first
12 momtks receive 0.2 mpfd, ard have a raised EGR acrivaton coefficient. Increasing
their intake to 0.4 mefd resiored the EGR activation coefficient satsfactorily ®.

Pregnancy akd lactation

The

Pregnancy is asscociated with an increased EGR activation coefficient, and in
populations where aobofavin intake is marpinal clinical signs of deficiency are seen in
pregnani women as pertutition appreaches, Post porinm the deficiency resclves,
despite contnued fow intzke of the vitamin, and secretion of considerable amounts
it the milk, While modest suppiements durting pragnancy prevent the development
of deficiency signs, relatively large amounis {aboutl 2.5 mg /d) are reguired to
maintain the EGR activation cocfficient within the range seen in non-pregnant
women 2. EGR activation coefficient data are therefore not being used in making 2
recommendatuon for pregnancy.

The demand for increased tissse synthesis by the fetus and the mother is estimated
as 0.3 mg/d, making the PRI for pregnancy 1.6 mg/d.

The nboflavin content of breast milk vanes considerably, being swongly infleenced by
ihz mother’s recant intake. An increment of 0.4 ma/d is proposed duning lacaticn,
meet the increased metabolic burden end provide an adeguate amount in the milk,

giving a PRI of 1.7 mg/d.

elderly

There is no evidence that the riboflavin requirements of the elderly are greatar than
for younpger people.
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Summary
{amounts 2§ mp/d;
Adulty Males Females
Averapge Requirement 1.3 1.i
Population Reference Intake 1.6 i3
Lowest Threshold intake 0.5 .6
Population Reference Intakes for other groups
Age Group PRI (me/d)
6-1lm 0.4
1-3y G.8
4-6y 1.0
7-10y 1.2
Males li-14 v 1.4
15-37y L6
Females 1i-14 ¢ 1.2
15- 17y 1.3
Pregnancy 1.6
Luceation 1.7
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9. Niacin

Physiology and metabolism

Two related compounds, nicotinic acid and nicptinamide, have the biological activity
of niacin. Niagin is net stricly a vitamin, and there is no absolute reguirement for a
source of preformed nicotimic acid or nicotinamide in the disl; nicotiramide can be
synthesised {rom the essential amino acid uyplophan. Requirements for trypiophan
and niacin must therefare be considered together, and are peaerally expressed as
‘niacin equivalents' — the sum of preformed riactn plus that provided by endogenous
svethesis from wyptophan.

The metabolic function of nlacin is as the procursor of the nicetinamide pecleonde
coenzvmes, NAD (nicotinamide adentae dinucieoude} and NADEP (nicotinamide
adenine dinuciaotide phosphaie), which arz invoived in &z wide varety of owidation
and reduclon reacuans,

In addizion to its role in such reacions, NAD is the source of ADP-ribose for the
DN A repair meckanism which is activated by a varety of DNA-breaking muiagens
and other woxins, Much of the nicotinamide released by this pobv-[ADFPFnbosyl
transfer seaction is metabolised further and excrewed, so it is likely ihar heavy
exposure to such toxins will increase siacin requirements, There 13 little evidence
thzt this 15 nutritionzlly sipaificent, although toxins have beer implicated in the
actiology of pellagra in pecple whose intzke of tryptophan 2nd niacin s marginal

Most of the dietary preformed riacin is present in foods as the mcoupamide
nucleptide coenzymes. These are hydrolysed by imwestinal enzymes, and ihe
resultanl nicotinamide is ahsorbed either unchanged or as nicetinic acid after
deamidation. The siacia in cereals is larpely present as a glyeosids of nicotinic acd,
niacylin. A smali proporion of this is hydrelvsed by gastric acid, and more free miacin
may pe liberated in cooking. but 90% of the apparent niacin content of cerzals cannot
he utilised, and hence is biologically unavaliable, The preformed niacin of cereals is
vsually ipnored in calculating intakes.

Tissues can ke up either nicevnic acid or nicotinamide {rom the circulation, and
utilise them for the swvmhesis ¢f the nicotivamide nuclectide coenzymes. The liver
Las only a very limited capaeity for miacin uptake, and functions mainly 1o release
nicolinamide and ricotinic acid synthesised {rom iryptophan, into the circulavon for
use by other tissues.
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Tryptophan which 15 not regutred for ner pew prowim sym:hesis or the synthesis of
specialised metabohites (he, both sarplus’ wrvptophan denved from the diet and (hat
reicased by the tumover of tissve proteing) is oxidised in the liver. This is the fate of
about 90% of the total dietary imlake of uvptophan of an adult in nitrogen bhasance 1.

The oxidaive pathway of trvptophan meiabolism leads either to complete vaidation
or 1o the synihesis of the micotinamide ring of the coenzymnes. Therefore, the amount
of nicolinamide cosnzymes formed from tryptophan changes with the amount of
trypiophan available. As normal intzkes of tryprophan, zbout 60 mg dietary
tryptophan 15 equivalent w ! mp preformed niacin, although there is considerabla
vanation aroond this figure, The raus of 60 mg tryptophan equivalent to I me
preformed niactn is an over-estimate of the mean reguirement, including 2 “safety
margin’ tp cover individual variation &, By convention, the total niacin eguivalence of
a diet is taken to be the sum of preformed niacin (negieciing that in cereals) pius
1/60 of the trypophan cantznn

Nicotinamide anrising from the breakdown of the coenzymes whick 18 ot regquired for
the synthesis of new ceerzyme, and surplus nicotnamice from the dier, are mainly
converied 13 Nl-metiry] nicolisamide in the Iiver. Ni-Methyl micotinamids mav be
eilher excreled unchanged or may wndergo further metaboitsm 10 metkyv] pyridone
carboxamide before excretion.

Deficiency and excess

An inadeguate intaks of both ervprophar and preflormed macin leads te the
development of the deficiency disease peliagra. Diseases invoiving impaimment of 1he
oxidative metabolism of wryptophan, drugs which inhibit enzymas in the pathway or
deficiency of nbaofiavin and vitamin B, both of which are required for the synthesis of
nicotinamide nucleotides frem tryptophan, can also resalt in the developmem of
neliagra

Pellagra 15 charactznsed by a photosensitive dermatinis resembling severs sanbum.
normally restricied to areas of the skin dicectly exposed o the sun, although physical
pressure on ihe knees and elbows, and abrasion by clethes around the wrists and
znkles, ¢an lead o similar skin lesions in deficient subjects. Advanced pellagrz also
invelves a charactensue depressive psychosis or dementia. The psvchosis may also
develop in the absence of skin lesions in subjects aot exposed to sunlight. Unirzated
pellagra 15 faizl because of the severe impairment of nicolinamide nuclechde-
requirtng FEACTIQNS 1t energy metabolism.
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Nicotinic acid in modest doses causes a marked vasodilatation, with flushing,
barning and itching of the skin. Very Jarge single doses of nicotinic acid may cause
sufficient vasodilataiian 1o lead to hypotension; after the administration of 3-6 g of
micotnic acid daily fur severzl dzys the effect wears off, Nieotinamide does not have
this effect.

Doses of nicotinic acid. but pol oicotinamide, of 3-6 gfday bave a modast, bt
potentialiy useful, hypocholesteralaemic and hypoligidaemic gffect. At this ievel of
iptake there is cvidence of liver damage and even clinical Fver dysfuncuen. Use of
sustained release preparations of nicolinic acid providing more modest intakes of the
vitamin (500 mp/day) may also result in liver damage as a result of proiongad high
conceniralions in biood and ussues 4.

Requirements

Adults

The only data available on which to base estimates of nlacin requirements are the
results of depletion-reptetion studies in which the amount of preformed niacin of
tryptgphan required 1o restore ‘normal’ excrstion of N!-methyl niccunamide and
meihy] pyridone carboxamide was determined 23,

Tt gubjects receiving § mg niacin eguivalents AMJ, the unnary excretion of Ni-methyl
nicoinamide feil to the upper limit of that seen in peltagrins, zlthough aons of the
subjects showed clinical signs of deficiency. Adequate excretion of N*-mesthyl
nicotinamide is seen in subjects receiving 1.3 mg niacin equivalenis MI. Allowing for
individual varigtion. the Population Refereace Intake is based on 1.6 mg macin
eguivalents MY energy expenditure.

For people on Yow energy diets, niacin will be requirzd for the mesabolism of tissue
reserves of metabolic foels. It is possible that the requirement for those habitually on
intakes below % MI/d 2lso may net be covered by 1.6 mg niacin equivalents /ME For
such groups a PRI of 13 mg riacin equivalents /d is suggested.

It is likely thai there is mo requirement for any preformed niacin in the diet under
normal conditions, and that endopenous synthesis from tryptephan will meet
requiremments. Avarage profein intzkes in the EC are about 13% of epergy mmtake. On
the assumption that dietary protein provides 14 mg wryptophan fz {2z conservalive
estirnate), this represents 2 mg hiacin equivalents /MI energy intake from digtary
tryptophan, greater than the Pepulation Reference Intake without any preformed
dietary niagin,
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Other nge groups

There is ro evidence that any ather group of the population has 3 reguirement for
niacin different frorm that for adult men, other than on the basis of encrgy expenditure,

Pregnancy and lactation

The normonal changes associated with prepnancy increase the afficiency of the
svnthesis of nicotinamide necleotides from tryplophan, There 15 thus no increased
requirement for niacin in pregnancy. In lactation the Population Reference Intake is
for 2 mg niacin eguivalents /d above that calculated on the basis of energy 1make 1o
allow for the vitamin secreted in milk,
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Summary

There is ne absolute reguirement for preformed niacin in the diet, since endogenous
synthesis from normal intakes of rryptophan is moere than adequaie 10 meet
requirements. There is a requirement for an adequate inzke of tryptophan PIUS
niacin, apart fram the requiremeat for wyptophan as an ¢ssential aming acid for the
maintcnance of nitrggen balance. Population Refzrence Inizkes are based on the
ratio of 60 mg dietary tryptophan equivalent to } mg preformmed niacin {ie. total niacin
equivalents = preformed niacin + 1/60 x tryptophan}, and assume that intakes of
ribaflavin and vilamin By are adequate,

Average Regquirement 1.3 g niacin equivalents /M
Populztion Reference Intake 1.6 mg niacin equivaients Ml
Lowest Threshold Intake 1.0 mg niacin eguivalents /MJ

These can be eapressed for average energy expenditures as mg niacin equivalents/d.

Adules Males Females
Average Reguirement 15 13
Population Reference Intake I8 14
Lowest Threshold Intake 11 9
Fregnancy 14
Lactation 16
Harmf{ul effects =500 meg/day as preformed nicotine acid
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Population Reference Intakes for younger age Eroups

Age Group PRI (mg niacin equivalents /d)
6-1lm 5
i-3% °
4-6y 19
T-10y 13
Malez 11-id v 15
153-17 y 18
Females  11-l4y 14
1517w 14
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10, Vitamin Bg

Physiology and metabolism

3ix gifferent chemical forms of vitamia By occur in foods: pyidoxine, pyridoxal,
pyndoxamine and their phosphaics. They ars readily interconvertible in the hody,
giving rise 10 the metabolically active coenzyme pyridoxal phosphate.

The prncipal metabolic function of pyridoxal phosphate is as the COENZYME 1n
rexctions of amino acids. It is aiso required for the enzyme glycogen phosphorylase
in muscle and liver. 2ad in the metabobism of polyunsaturaled fatty acids and
phospholipids, and has a role in the funcdon of steroid hormones, actin 2 o reélease
hemone-receptor complexes from tight nuclear binding, and so terminate the aetions
af the hormone 1.2,

The phosphate forms of vitamin By are dephosphoryiatad in the intestinal limen:
pyndoxine. pyridoxal and pyridoxamine are all 1aken up from the small intestine by
an energy-dependent process. The various vitamers are readily converted to
pyridoxal phosphate in tissucs. Pyridoxal phosphate which is not hoand 1o EnZYmes
In tissues is oxidised 10 4-pyridoxic acic, the major metabclite of the vitarin
excreied in the urine,

A proportion of the vitarmin B, in plant faods is biologically unavailable, becauss it is
present a5 pyndoxing glycosides which azre not hvdrolysed by intestinal enzymes.

White 1he glycosides may be absorbed. they are not used in the hody. bus are
excreted enchanged in the wrine.

Some B(% of the body's vilzmin By is associated with the enzyme glveogen
phosphorylase in muscle. As glycogen reserves are depleted in protonged fzsting, so
the vitamin is released from moscle, and made available for the synthesis of glucose
from amino acids in the liver. However, muoscle pyridaxal phosphate i3 nol released
1n vitamin B deficiency, so the muscle reserves cannot be regarded as storzge of the
vILAmin.
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Deficiency and excess

Gross clinical deficiency of vitamin Bg s extremely rare; the vitamin is wadely
distribmed in [0ods, and imestinal {lora synthesise relatively larpe amounts, some of
which may be avaitable.

wiuch of our knowledee of human deficiency comes frorn an oatbreak' in the early
19505, resulring from an infant milk preparation which had wndergone severe heating
ip manufacture, ieading to the formation of 2 bicipgicully inactive compiex between
pyridoxat {and pyridoxal phosphate) and lysine In peoteins. In additlon o
abnopmalities of the metsbolism of ryptophan, methionine and other amino agids, the
affacted iafanis convulsed. They responded to supplements of vitamin Bg 2.

Intakes of vitamin By in excess of 500 mg/day are associated with 1the development
of peripheral sensory neurppathy, which is enly parnaily reversible on retur (o mos
appropriate intakes *. Similar symaioms have been reporied in Subjects (aking coses
of 50-500 mg /day. Inwakes of more than 50 mg fday must therefore be regarded as
potentially harmfui °.

Requirements

Adufts

Although 80% cf the body's vitamin By 12 in muscle. this pool tams over redatively
slowly, and requirements are closely related to protein intzke. Atlempis 10 gslimate
fequirernents by MEAsUEment of the wmover of body pools have not yieided us=ful
cesulis. and current estimales are hased on changes in tryptophan and methidnine
metzholismn, and the decline in blood concentrations of vitamin B durnng

experimental depletien / replelion s{udies,

Biochemica) indices of vitamin By status decline mare rapidly in sabjects receiving
high prowein intakes (80-160g jday) than in tose receiving low intakes of protein
(30-50g /day). Similarty, restoration of indices of vitamin By natolional stalus during
repledon oecurs faster in subjects recciving iower intakes of proteis 5782 Such
studies suggest that the average vilamin By requirement is 13 pg/p dictary protein,
Allawing for individua! variation gives a Papuiation Reference inake of 13 pe vilAmin
B/g dietary protein, and suggesis a Lowear Threshold Intake of 11 pp/p protein.
although there is no experimental evidence 1o support this Jower figure.
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The relationship with protemn intake may not be valid at low intakes of protein, or
under condiions of restoicted food intake. when aming acids wili be catabolised for
energy-vielding metabelism.

High-oestrogen oral epntraceptives cause changes in teyptophan metzbetism which
hawe heen widely interpreied as indicating vitamin By depletion, Bowever, relatively
large intzkes of the viiamin arg required o normalise ryptophan meaiabolism 1
women king oral comiracepuves, and other indices of vitamin By nutritional status
arg penerally unaffected by contraceptives. It seems mast likeiy thar the
derangement of tryptophan metabolism is dus to direct effects of oestrogens o1 their
metabolites on tryplophan metabolism, There 15 no evidence for an increasad
requairernent for vitamin By in women using oral contraceptives *.

Children

There 15 no evidence that children have a requitemart for vitamin B, differeni from
that far adeits, i.e. 2 Pepulation Reference Imake of 15 uglp dietary protemn, Ie s
reasonabie (o assumse that children in the EC have a diei similar o that of adults,
providing some 15% of energy from protein.

Pregnancy

Plasma concentrations of pyeidoxal phosphate fall markedly and progressively
through pregnancy, although erythrocyte transaminase activation coefficienis ang
excretion of 4-pyridoxic acid are normal. The diop of plasma pyndoxal phosphate
appears 1o be a consequence of the preferenual uptake of the vitamin by the fetos,
and a normal feature of pregnancy. Supplements of 2.5-4 mgfday are required to
mainiain the olasma concentranon of pyridoxal phosphate at the pre-pregnancy
leve) -9 Thiz 15 considered neither pecessary or desirable, and the same FRI is
proposed {or pregnancy as in non-pregnant women — 15 pgfe digary protein, On the
extra protein intake recommended dusing pregrancy, this wiil result in an increase in
the ammount of distary vitamin By,

Lactation

There is no evidence that vitamin B, metabolism is changed by lactation, and there
appears 10 be no reasen for changing the recommendaton from that for non-lactating
woinen - 15 g /g dietary protein. This will provide vitamin B, at a gher lever than
is secreted In pulk. and (he extra protein intake recommarded during lactation will
result in an increase in lhe amount of dietary vitamin B,
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The clderly

There is a fall in ihe pjasma conceniration of pyridoxal phosphate with increasing
age, bui erythrocyte \ransaminase activation coefficients da not show a similar
change. There is some evidence of age-related changes in the metaboiism of he
vitamin %, but thete are no geod grounds for believing that ageing wncreases the
vitamm Bg requirement bayond thai for younger acults.

Summary

Vitamin B tequirements (expressed in weight of pyridoxine) vary with protein
intake 1m all groups.

Average Requirement 13 ug fg provein intake

Population Reference Intake 15 jg /g protein miake

Average protein intakes in the BEC are 15% of ¢oergy iniake. On this basis, and using
average energy reguirements, vitamin Bg requiremenis of adnlts can be expressed in

mgid.

Aduits Males Females

Average Requirement 1.3 1.0

Population Reference Intake 1.5 1.1
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Fopulation Reference Intakes for other groups

Ape Group PRE (mp/d).
G-ilm (.4
1-3y .7
B 4-6y 0.4
T-10¥ bi
Males 11-14 v 1.3
15-17 v 1.5
Females i-ld y 1.1
15-17 y i1
Pregnancy 1.3*
Lactation 147

* Based on profein increments In pregnancy and lactation.

Hioh intakes

Intakes preater than 300 mgdd are associated with neurolepical damage and intakes
of more than 50 mg/d are potentially harmful in adults,
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11. Folate

Physiology and metabolism

Meabolic functions

Folate 13 the geneeal name given 1o compoonds with putritional properies similar to
those of folic acid {pteroviplutamic acid). Besides folic acid isclf, with onz giulamale
residue, there are other forms with 2 varying number of exira glotamaies attached.
Reduced derivatives of these participate in enzymic reactions providing single carbon
units for DNA and RNA biosynthesis and methylation reactions 1,

Absorption and metabolism

The enzymatic interconversions in which the folate cofactors participawe inmvalve eighr
forms of the vitamin, Many of these are casily oxidised, some to forms that can
subseguently be reduced and which are thus nutritionally zctive, others to
catabeiized products which are inactive 2. The extent 1o which these oxidasions occur
will have & profound effect upon the foiate nltimately available frorm the diet, This in
turn wiil depend upon not only the forms of the cofactor predominating in a parvcular
food bui alzo the length and conditions of storage, the presence ar absence of oatural
or added antioxidants etc. All natura! folates exist as polvelutamy] conjugates,
These extra glutamates may get removed either during storage and processing of
food or by conjugases that are present in the human intestine. At physiological
concentrations oniy folates containing a single glutamyl residiee 2re zbsarbed ipto
the circulation, usuzily after conversion o the S-methvhetrshydso form. Human cetls
depend principally upon the eptake of this circulating 5-methyltetrahydrofolawe for
their supply of the vitamin,

The folate content of the digt ts usually estimated by microbiclogical methods which
may underestimate the true content of folate in food by as much as 20%-30%. Some
foods but not others contain factors that inhikat the intestinal folate deconjugation
enzymes thus decreasing abscrption 3. The degree of inhibiton varies considerably
frotn [ood 1o food, with some foods, for example beans, giving 20% inhibition while
values as great 25 B0% are found for orangs Juice. There Js also a solid body of
cvidence that polygivtamy] forms of folate are less well absorbed than
monoglutamates even in the absance of such inhibitors. Straight comparisons of folic
acid containing one gletamyl residue with the comesponding haptaglutamyl farm have
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indicated ihe latter i0 be some S58-79% as available as the former. Howevel an
important new approach has recently been introduced, namely the compasison of
various folate forms lzbelled differently with deuterium, which found that folate
hexagiutamate was only 506 as available as the monoghotamale when given in pure
forms at physiological concentrations *. This valve indicates an even Igwer
availability of polvglutamyl forms than previonsly expected. Thus there are three
areas where calculalions based on mean requirément musk be adjusted 1o get mean
dietarv requirement. There is probably an anderestimaton of the amount of lojate in
food. Inhibition of intestinal conjugase would decrease the availability of folate
polygiotamates. Finally even in the absence of such mhititors felate polvglulamates
are probably only 30% as available as the comesponding monoglutamaes. upon
which some of 1the mean requirement calculations are based. Factors one and two
work in the opposite direetions and may cancel each other out, leaving a 50% overall

adjustment as bging an acceptable correction faciar,

Deficiency and excess

Folale defciency decreases DNA and RNA hesynthesis, and manifests itself maost
obvicusly in cell types that iurn over rapidly, such as in the bone maTow, thus
CAUSIng anACmia

5-Meshylterrahydrofolate is invelved in providing, via methioning, methyl groups (or
many methylaiion reactions; these sysiems wiii fail however only 1n severe
peolonped fuiaie deficiency.

A “psendo folate-deflcient” state s seen in By deficiency, because cells fail o
handle folate normally, resuiting in the signs of folate deficiency. There is however Ro
distary deficiency of folate; the condition is cured by vitamin B,;. The hzematological
picture can however be improved by high inlakes of folic scid iself, which 15
particularly effective in this role. Large doses of folic zeid, which is the synthetic form
in supplements, can therefore preveni the tmely diagnosis of vitamin B, deficiency,
allowing the neuropathy which also occurs 1o proceed undiagnosed, cnly to emerge
al 2 much more advanced stage when its effects are larpely irreversible.

High levels of folic acid around 5.0 mg per dey have been used in pregnancy for
perieds of several months without any apparent 11} effects. Thus in nommal subjects
leveis of up to 5.0 mg per day would seem to be well tolerated . There is ¢vidence
that high levels of folic acid increase fit frequency in epileplics . There is also the
certainty that such high levels 1aken on a daily hasis would mask the emergence of
vitamin B.. deficiency. At lower levels of 10-200 pg of folic acid per day this
masking would be less likely. Since & part of 1he neurological damage mm B,
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deficiency is largely imeversible, it i3 semous if allowed 1o go undiagnesed and
untreated. Vegang and the elderly, being at increased risk of vitamin B4 deficiency,
shoold avoid large daily intakes of folic acid supplements. However folic acid
supplements of around 400 pg per dav are 1n widespread ose, particutarly in the
Linited States, and it is claimed that there 15 no evidence of their masking permicious
anaeriia al that Jevel 8.

Physiological and dietary requirements

Adufts

Folawe stalug ¢an be measured from the concentration of folate in serum, but the
level of folale in the red blond cells pives 2 much claser estimate of tUssue stores 1.
Red cell folate values above 130 pg/l. are an indication of sufficiency !, Howewer
there 15 na ciear borderiing separavng the noroel populaton from these with cliniecal
signs of deficiency ! Approaches using depledon of folate 3° and considerations of
folate catabobism 19 sugzest daily requirements of 30-100 g

The level of oral folic acid required to treat folate deficsency in an adult man has beer
reported as 50 pg/d A study of a group of normal volunieers found higher amounts
were needed — 75 upfd 17 A limied study on three normal women showed that oo a
daily intake of 50 pp folic acid their red ceil folaw remaired in the nemmal rangs but
respectively fell or rose at levels of 25 or 100 pgdd i3, A different stedy on four
women indicaied that their plasma levels were sabilized by 80 g pure Folic acid and
20 pg dietary folate daily 14,

From these stadies with folic acid, the mean requirement for an adult s taken 10 be
70 pgid. As discussed above, one would expect this o be twice as avaiiabie as food
folate, The mean dietary reguirement of folae would therefore be 140 patd.

Dietary recommendations for folate have often been supporied by values for the
intakes of folate observed tn individuals and groups that clearly raceive adegquate
amounts ¢f the vitamin, It is probably unwise to rely on this approach as the values
cbtained for food folales may be substantial underestimates because of the
uncertanties of the analyvtcal procedures.
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Children

Tr a study of mfants between 2 2nd 11 months 3.6 ug folic acid per Kg body weight
per day appeared to maintain plasma leveis 15 Infants between 6 and 11 months of
ape are iikely to receive a mixwre of fohc acid and food folate, so 2 Population
Referenice Intake of 50 wg/d is proposed.

In the ahsence of speeific information, values for children have been derived from
those for adolis on the basis of crergy expéenditurs,

Pregnancy

Eolate deficiency in the later stages of pregpancy in women not ingesting extra folate
is extremely commeon, Vadous swudies have shown cne guarier 1o onc half would
have clear signs of deficiency 1. Red cell folate drops duting pregnancy and while part
of this drop may be due to haemodilution some of it is certainly due @ the mother's
beirg unable io meet the extra demand for folate made by the fetus from her s10ses
by normai detary mtake. Studies have shown this drop in RBC {red biood ceil} folate
could be prevented by a supplement of 100 pg folic acid daily 617, Since these
ctudies were camied out on women on good diets this level is reaily a minimuam. To
allow for the problems of biocavailability discussed above, a distary increment of
200 pg of folale per day should be sought. Receal work on the increase of falate
catabolism 10 pregnancy indicates that this amount 15 nol enerous La,

Neural tube defecis

These is now good evidence that daily periconceptual folic acid suppiementaion may
have a protective effect on the accerrence of the congemital abnermalities. spina
bifida and anencephalus, collectively calied neural mbe defects (NTDs) 3, While
same of these stodies 19 invelved the use of very high levels of folic acid, it seems
probable that amounts around 400 g per day confer eque! protecuon with a lesser
ek of side effects 2. Even al this lower level one cannot completely exclude the risk
involved in 1aking a greater than normal amouont of a vitamih in €arly pregnancy.
Eowever as far as woxicity o the mother is concemed there are only twe established
causcs for concern, which have been mentioned already. Waomen taking anueplleptic
drugs should be awzre that 1L has been sugnested that 12king jolic zcid supplements
of much above 400 kg may cause loss of conwol of their epilensy. Taking extra fohe
acid. if ene is also vitamin B, deficient, results in the masking or exacerhation of
neurclopical disease associated with such deficiency. However vitamin B4
deficiancy is extremely rare in women of less than 40 1w 50, Should women,
particalarly when nearing the end of their child-bearing years, pian to wke folic acid
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supplements for penods of mombs, they should have possible vitamin By, deficiency
exeluded by a simple bload test

While it is posstble that improved dietary intake of felate may confer protection from
NTDs it 15 difficult to achieve intakes of 400 Up per day because of the low density of
folae in food and the lower avaidability of the natural forms of the vitamin than of the
folic acid used in supplements. Fortified foods containing folic acid in the more
availzkle form may provide zn alternative for women who do nal wish o take
tablets.

Ft should he emphasised that the newral tube is formed between theee and four
weeks after conception, at which point many women whe are pregnant are nol aware
of the fact. It is thus recommended that women wishing (o artempt 10 achieve
protection using folic acid should ensure that itz imtake 15 commenced hefore
CONCEpan, S¢ as o ensere adeguaie levels at the critical time. While there 15 no
divect evidence on the issue, the ingestion of folic acid post conceplion may be of
benefit up t2 the urme of closure of the nearal wbe, Le. four weeks. Thas women who
suspect that they may b2 at an early stage of an unplanned pregnancy, e.g. by
ghserving a missed period, may wish alse o wizke folic aoid even at thas Jater and far
less certain siage.

Laciation

The

Earlier stndies suppest=d that milk containg about 530 g per lure #i_ It now seems
mare likely that with better methods of estimation this value should be doubled 2
Assuming a daily owpuet of 750 mi, Tass conld thus be bewween 37 and T3 ug per day.
To zllow for bisavailability and taking the higher valus one armves at an inerement of
130 upg per day to compensate for normal lactaten.

elderly

A signmificapt body of evidence 2% indicates that the elderly have no increased
regoirement for folate. As mentioned previously, they should avoid large intakes of
falate supplements.
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Summary

Values expressed in terms of mixed diztary {olates (calculated for a relative malecular
mass of 441), assurming a bioavailability about half that of pure folic acid {moneglutamale
furm), per day.

Adulis
Average Dietary Requircmnent 1aihpg
Population Reference Intake {mean requirement + 3 SDy, 200 pp

assuming 2 ecefficient of variation of 20%)

Lowest Threshold Intake {mean requirement - 2 5D ) B3 g
Pregnancy 404 gt
Lactation 350 ug

Population Reference Intakes for other groups

Age Group PRI
£-1lm RIS
] -3y W g
4 - 6y 130 pe
7 - 10y 150 g
11-14y 180 pp |
15-F7y 200 ug

= Neural tube defects bave Been shown 1o be prevented in offspring by penconceprual
ingastion of 400 ug fotic acid per day ia the form of supplements,
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12. Vitamin BIZ

Physiology and metabolism

Metabolic functions

The tamm vitamin B> covers the two forms acove in the body — 3'-depxyadenosyl-
cohalamin and methylcobalamin - and & number of cther cobali-containing
corrinoids which by being converted 1o the acuve forms have the same nurrivonal
effect

Two enzymes in man have & reguiremnent for vitamin B, 1. Methicnine synthase
uses methyleobalarmin and is involved in the channelling of carbon units from
aming acids such as serne o remethvlate homocysteine to methionine. This
remethylation is necessary bzcause all lissues use methlomne as a source of
methvl groups and as a conseguence generate significant amoanis of
homocysteine which peeds 1o be remethylated. Methyvlmatony! CoA muiase,
which uses 5-deoxyadenosyl-cabalamin, 15 pecessary in the metabolism of
propionyl CoA, which arises either from the catabolism of cenain aming agics or
the axidaton of odd-chain fatty acids.

Absorprion

Dretary vitamin By, 15 bound by 2 glyceprotein called “intminsic {actar” secreted
by the parietal cells of the stomach. The resultant intrinsic factor - vitamin B
complexes pass to the ileum where they are ahsorbed. Aboat three quarters of an
oral dose of 0.5 g is absorbed while the amount absorbed from 1O pg is half L
Intrinsic factor-mediated absorption seems to have an wpper limit of about 1.5 ug
per meal imespective OF how much vitamin B, 1s presented 1o 10

Excretion

It has been calculated that the biliary secretion of vitamin B, 15 around (0.5 g per
day !, Perhaps jess tian 20 & or 0.1 pg of this is lose through non-reabsorprion £,

Viamin B., 13 very well stored. Its ha:f-life in humang has heen measured :n 2
number of studies as bzing of more than one vear to almost four vears 7.
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Deficiency

Yitamin By, levels in most diets appear 10 be adequate, 1he exceplion being sirict
vegetarian or vegan diets. As will be discussed later, individuals or communitics
on such diets have well documenied lower than normal bleod levels of vitamin By,
and some studies show brochemical ewvidence of deficiency. This 1s eastly
understood since plant food does notl contain ary vitamin By; wnicss contaminated
with microorsanisms . Individuals among the elderly and the poor may aiso have
ap increased risk of deficiency where their diet is low in animal produce.

By far the higgest cause of vitzmin B, defciency is impairment of absorpuion ¢
This arises most often from destruction of the pariewal cells of the stemach by
avtoantthedies, resulting in dimnunen or absence of secretion of intansic facter
Autoantbodies are alse frequently produced apainst intrinsic factar iself, some of
which render il incapable of binding vilamin By;, with more rarely other anubodies
permitting binding of vitamin B, but preventng uptake of the complex by the
iieumn 1. These three antoimmune conditions are called pemicious anazmia (PA)

Deficiency, wher it pccurs, has iwo general consequences: arcest of cell
replication and neurclogical damage ©. The former manifests iself cilnically in the
more rapidly dividing celis such as those of the mamow, the immune system, the
skin and the pastsointesiinal iracl. Anaemia 15 the most obwiovs clincal agn.
Appropriate treatment with the vitamin compietely reverses all the effects en cels
replication. The neurolopicel lesion presents first as paraesthesia wath a taghng
sensalion in the fingers andior toes with or withoot nombhess, Untreated, thas will
propress 10 a peripheral neuropathy and z1axia and an overt demyelinanion pf the
spinal cord calied sub-acuie combined depeneration. Psychiatne manifestations
such as confusion, depression, agitation acd delusions may also be present
Treatment with witamin By appears 10 completely redress the iauer
raantfestetons, The peripheral agurepathy will also improve but the demyelination
of spinal cord is essennally trreversible,

It is now widely accepted that, as descrnibed originally in the 3-methyl-
wirahydrofolate trap hypothesis 5, the amest of cell division seen in vitamin B,
deficicney results from an impairment in the proper utilisation of the folate
cofactors involved in the synthesis of DNA and RNA 1n replicating celis. One of
these cofactors, 5-methylteirahyirofolate, requires to be demethylated by vitamin
B ,-dependent methionine synihase for its further metabolisra. In the absence of
vitamin By, the other cellular folates needsd 10 synmibesise DNA and RNA

hecome metabelicaliy trapped in this formm resulting i a ‘pseude’ folawe deficiency
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in such celis, which causes an anaemia idemiical to that seea in simple folale
deficiency,

The neurological lesion is ithoaght to be due to the imahility o utilize 5-
methylieuwahydrofoizte o remethylate homocysieine o methipnine 57, The |atter
sapplies methyl groops for the synthesis of proteing and lipids ie myelin and ather
aerve STracTurGs,

Higher and andesirable intakes

Daliy ingestisn of hiegh zmounts of vitamin B, of even one or vwo orders of
magnitude above normal dietary ievels, does nol canse zny cbvious side effects
even ovar a prolanged period. However, nutritionally inactive viasan B,
analogues can be found in some vitamin preparations and increzsing the'r inlake
may not be without nsk. A daily intake greater than 2{0 pp shoald be discouraged.

Requirements

Criteria of vitamin B, nutritional adequacy

A number of methads have been used to assess vitamin B, statis or to detect its
deficiency.

The serum concentration of the vitamin can be detarmined: the resulis vary
somewhal according 10 the procedure used, but most laboratones would regard
concestrations of less than 100 ne/ll as indicaung deficieney. 100-150 nefl. as
possibly deficienmt, with values ahove 130 ng/i. being taken as pormal VB, These
ranges cannot howewver be reparded as wholly reliable as there is some
overlapping.

In B, deficwency, the methylmalonic acid concentrations 1t unne and piasma might
be expected 10 increase. The recent avallability of methods zensitive enough 1o
estimatz methylmalonate in piasma has revealed a very good correlanen beivween
raised methylmalonale concenirzuion and the presence of clinical disease, but
thers ca2n be some overlap with the reference range ¥.

Traditionally the presence of 2 macrocytic anaemia has been considered 10 be the
mest usval way of pieking up subjects with vitamin B, deficiency. However very
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deficient subjects can sometimes have nomial concentrations of haemoglobin and
no increase n mean corpuscular velume 10

While they are difficult to perform, neuralogical assessments, preferably using
newer methads such as evoked response siudies, are reasily the only way of
determining the presence of absence of neurological damage due 10 vitamin By,
deficiency.

Individually these tests may not be wholly reliable but the vse of 1w or more
gives usefy] information in the By, status of individuals and groups that can be
used 1o make recommendations an By, intake.

Adults
A number of approaches have been used 10 calcviale requements,

Srudies have heen made on the response of patienis with pernicions snaemia,
who have no contributien fron dielary vitamin B, 16 dally parenicral doses. They
indicate that 0.3 pa/d is not quite adequate 'l byt RS pg/d is i2.t* These patiznis
however will secrete some By in the bile which witl not be reabsorbed and so wiil
be 105 {rom the enterchepatc circulation. Dietary valoes for nprmal subjects
would therefore need to be adjusted downwards for that reason, but alse upwards
to allow for incomplewe absorption from the diet. J it could be said that these
would balance out, one might expect a daily intake of 0.3 jg vitamn B12to ha 100
littie and 0.5 ig 1o be adequaie on the evidence of these studies using mainly
haemarological critena,

The amount of B, in the diet of strict vegetarians has heen investigated. Swadies
on sizeebie populations indicated thar while a mear intake of 0.26 wg/d might
nrovide inadequate stores, no deficiency was dewcied **, Simiar swdics indicaied
that smaller groups got by on intzkes ranging from 0.3 © 0.5 pgdd 1515 This work
depended mainly on abrormal haematological findings 1o derect abnormal states,
While some studies assessed necrological function, this is nou easy to do and
perhaps sublle changes that were present might not have emerged. While earlier
studies that related inszke 1o weli being did not look for biechemical evidence of
deficiency. from subsequent studies on similar strict vegetanan groups it seeins
very fikely that biochemical deficiency, as detecied by elevated uring
methyimalonic acid levels. exists on diels containing these low levels of vitamn
By, V78, It appears that biochemical deficiency would exisi with 2 risk of gventual
neurological dysfunction on ittakes less than 6.3 ug/d.
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Two studies have been based on vitamin turnover. They made a number of
assumptions about various factors and came up with mean daily rogeirements of
hetween .25 and 1.0 pg/d 19 and of 1.3 ugid 20

At levels of 0.5 pyp/d that are likely 10 he consumed by sabjects on strict
veperarian diets, there is no evidence of haematological or neurclogical
dysfunction, but there 1 Mochemical abnormality. Interpretation of many aof the
studies of the type ¢ied above depends very heavily etther on the absence of
apparent clinical problems in populations or upon the apparent adeguacy of the
treatment. These studies regarded the absence of hacmatological abnormalities
as being an assurance of peneral health, and it is difficult €0 rule ot newrological
damage hecause it is 50 moch more difficult 1o assess 1. Exsmination of the early
literalere makes it clear that many people with apparently normal haematology
werz developing irreversible ncurplogical damage. More recent studies suggest
that this circumstance is much more commen than is usually appreciated.

It therefore seems prudent o put forward a mean requicement towards the high
end of the scale: 1.0 ngfd.

Pregnancy

There seems to be no nsk of signs of clinical deficiency developing 1n a pregnant
wornan, even on & diet low in vitamin By-. The major cavse for concern 15 the effect
of such low intakes on he developing embryc and on progeny that are
subsagquently hreast-fed. [t is clear thai children of striet vepstarian mohers who
were subsequently breasi-fed, and thea weni on 1o vegetanan dizis themselves,
are al serious risk not just of biochemical evidence of deficiency as indicawed by
cievated methylmalonic acid but aiso of decrzased growth raes '8 Such low
status has been shown to brad 0 overt sigis of aswrolegica) damage. whick n
ume would become irreversible 22, There thus seems no doubt thal women on
sirict vegetarian diets should be encouraged 16 increase their intake of vitamin By,
during pregnancy and thai this adwvice should, as 2 precauiiva, be extended 10 all
women. Unlike folate, there is ro evidence for 2 high rate of wmnover of vitamin
B, in pregnancy. However 10 allow for transfer of same of the vitamim 10 the fetus,
an additional (.2 pgfd is recommended.

Laciation

During lactation, loss of ihe vitamin in malk depends to a large exteni upon the
mother’s vitamin B, ; states 22, It is difficel: to assess how much if any of this Joss
needs 1o be reinstated in women who have normal stores. However of the values
in milk fall below abaut 0.37 pg ner day, evidence of bicchemical deficiency bepins

1
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10 be scen in breasi-fed infanis U (who probably had very inzdequate stores of
vitamin By, 10 begin with), It would thus seem prudent to oy to replace at ieast
(.37 pe per duy. If one estimates that ahout thiee guarters of a dose is absorbed
at thig level, this requires an increment of 0.5 pg/d during lactation.

Children

The

Infants bom to women with 2 dict very Jow 1 B4, and thus with very poor stores
of the vitamin, needed (L37 pgfd to cure bicchemical deficiency as evidenced by
methvlmalonic acid excretion 17, A PRI for infants 6-11 months is set at 6.5 ppfd.

In the absence of specific studies, values for chiidren have been calculated from
those for adults on the basis of energy expenditure.

elderly

There appears 10 be no increased requirernent for viiamin By, wirth age 24 While a
decrease in vitamin B., siatus as measured by serum levels has been reporied in
some stodies as age advanced, it is almost certainly due (o #n increased
prevalence of malabsorption due eithar to the auloimmune disgase pernicious
anaEmia or 1o Wropic gasirs 25,
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Summary

fumounts in ug/d, based on a relative molecular mass of 1355)

Adults Average Dietary Requirement 1.0
Population Reference Intake 14
(Mezan reguirement + 25D,
assuming a coefficient of
varnailon n this case of 20%)
Lowest Threshold Intake 0.6
{Mean requirement - 250}
Pregnancy Plug 0.2
Lactation Plug U5

Population Reference Jntakes for other age groups

farmounts in fefd, based on a relative molecular mass of 1355)

a-11m 0.5
1.3y 0.7
4-8y 09
7-10y 1.0
11- 14y 1.3
15-17% 1.4
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13. Pantothenic acid

Physiclogy and metabeolism

Pantothenic acid is reguired for the synthesis of coenzvme A {CoAj, which is
cequired in the metabolism ol carbohydrates, aming acids sad faity acids and the
symthesis of sieroads and other metabelites, and for the synihesis of the prosthetic
group of acyl casner prowin required for fatty agid syathesis. [t thus has a central
role i 2 wide varety of metabolic pathways 1.

Aboul B3% of dictary pantothenic acic is as CoA or phosphopantotheine, Tn the
inestine these undergs hydrolysis to pantothesaic 2cid, which is abgorbed by
diffusion throughout the small intestine.

Adl ussues are capahle of forming CoA and the prosthetic group of acvl camier
protein from pantathenic acid. This syathesis regoires the amino acid cysteine, and
ceficrency of the sulpaur amino acwds. methionine and eysteine, can result in impaired
synihesis and hence sscondary functienal pantothenic acid deficiency,
Phosphopantotheine, ansing irom the catabolism of CoA and acyl carrier protein, can
be reused for CoA synthesis and new symithesis of acy] earrier protein.
Phosphopantotheine which is not e-utilised ts dephosphorvlated, and the resuitant
patiotheine is cleaved to pantothenic acid and cysteaming.

Pantothenic acid is well conserved in the body, gver a4 week afler administration of
tracer doses of {19C) pantethenic 2cid orly some 38% of the dose is recovered in the
urine, all as the free vilamin, There is no information on body reserves of pantothenic
acid.

Deficiency

Panipthenic ac1d is widely distnbuted in {oods, and it is possible that intestinal
bacterial symhesis alse makes a2 coniribution to intake. Deficiency has not been
unegquivocally reported in hwran beings except in specific depletion studies, which
kave frequently also used the antagonisi methyl pantothanic acid,

Prisoners of war in the Far Eas:, who were severely malnourished, showed, among
other signs and symploms of vitamin deficiency diseases, a new condition of
parzesthesis and severe pain in the feer 2nd 10es, which was called the buiming {oot
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svndrome or nutritional melaigia, Although i1 was altributed 10 paniathenic acid
deficizncy, no specific tdals of pantothenic acid were carried oul, rather the subjecis
were given yeast axtract and other rich sources of all vitamins as part of an urgent
programme of nutritional rehamtitaton.

Experimnental pantothems¢ acid depletion, nommally wgether with the administration
of the antaganist methyl pantothenic acic. resuits in neuromotar disorders, including
parzesthesia of the hands and feet. hyperacuve deep lendan reflexes and muscle
weakness, as well as merlal depression, gastrointesting] complaimis and metabolic
abpormalities which can be attibuled to changes in lipid metabalism 2.

Reqguirensents

From the limited studies which have been performed U is net possible 10 establish
requirements for pantothenic acid. Average intakes in adults are about 4.7 mg/d, but
individuals consume 3-12 mgéd. Such intakes are obvicusly zdequate to prevent
deficiency; much higher amounts are harmless. There is no evidence on which 1o
hase estimates of changed panlothenic acid reguirements In pregnancy or fzctation.
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Summary

Average iniakes of pantothenic acid are adequate 1o meet requirements. There is no
informavon on intzkes below which deficiency is likely, nor adeguate evidence eQ
determine Population Reference Intakes.

The acceplable range of intakes i adults is the observaed range 3 - 12 mefd
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14. Biotin

Physiology and mefabolism

Riotin functions as the cosnzyme transferring carbon dioxide in feur reactions:
pyruvzte carboxylase, a key step in gluconeogenesis, acetyl CeA carboxylase, the
first seep of fally acid symthesis; and in propionyl CoA and methylerotony]l CeA
carhoxylases 1.

Maost bictin in foods is present as biocyiia, covalently tound to enzymes. This is
released on prowesiysis. and hydrolysed by biotinidase in the pancreatic Juice and
intestinal mucosal secretions to yield the free vitamin. The exient o which bound
bigiin in fpods is biolopically available is ret known. Bictin is absorbed from the
wpper intestinal tract by active transpoct, alihough there is also some active uptake
from the large intestine. Intestinal bacteria synthesise relatively large amounts of
hotin, and it is assumed that this contibues to the host's putrition, Bioun circuiales
it the blopdstream boih free and tphtly bound 10 3 serum glycoprotein. Both free and
protein-bound biotin are taken up by tissues. In tissucs bigtin is incorporated
covalentiy into bioun-dependznt enzymes, and on cambolism of these enzymes. the
biceytin i1s hydrolysed by a specific peptidase, biotinidase, pemmitting reutilisation,

Biotn may be excreted either uachanged or as the oxidation praduction bis-norbroun.
As a result of bath resorprion of the vitamin from uoine and the protein binding of
plasma biotin, whick reduces excretion, there is very efficient conservation of biaun.
This, togeiher with the recyeling of biotin released by the catabolism of enzymes,
may bc as imporiant as intestinal bacterial symihesis of the vitamin in explaining the
scarcity of biotin deficiency. There is no information o body reserves of binln.

Deficiency

Bictin deficiency due 10 simple inadequacy of intake is unknown except in patents
receiving total parsnteral nutriuon,

The sctivities of biotin-dependent enzymes fatl in deficiency. This resolts in impaired
gluconeogenesis, wilh accumulation of lactate, pyruvate and alanine, and impaired
lipozeresis, with aceumulation of acetyt CoA, resulting in ketosis, There is aiso an
impaiement of prolein Synthesis. Abnormmal organic acids are axceeted in deficiency 2,
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The few gatly repons of humar bioun deficiency are all of people who consumed
large amowvats of uncocked eggs, and therefore had a high intake of the protein
avidin, which binds higtin and renders it unavailable. They deveioped a fine scaiy
dermatitis and hair loss. Provisian of biotin supplements of between Z20{0-
1600 pg/day tesulied in cure of the skin lesions, and regrowih of hair, despite
continuing the abnormal diet providing large amounts of avidin. Urfortunately, there
seem [0 have been no studies of provision of modest doses of biotin w0 such patients,
and none in whick iheir high intake of uncooked eggs was either replaced by an
equivalent intake of cooked eggs {in which avidin has been denatured by heal, ard
the yolks of which are 4 goed source of biotin) or conunueed unchanged, so there is ne
information from these case reports of the amounts of biotin which are required for
normal health.

In experimental studics of biotin depletion, diets providing up w 30% of energy
yntake from raw egg white have been vsed. The subjects developed giossius,
anorexia, naesea, hallucinations, depression and somnolence, as weil ag a fine scaly
desguamating dermatitis. Injection of 150 ug biotin daily reversed ali the clinicai
signs. Apain there have been no studies of graded intakes of hioun in sach
experiments 9.

Similar signs of moun deficiency hzve been ohserved in patients receiving total
parenteral nuintion for prolonged peniods, e.g. zfier resection of the gut. The signs
resalve following the pravision of biotin. but there have been no studies of the
amounts reqmred; ¢urative intakes have ranged between 60 and 200 pefday 3,

Requirements

There is little informatton eonceming human biotin requirements, zrd no evidence on
which 10 base recormnmendations. Averape intakes of biotin in the EC are zround 28-
42 Jig fday, but individuals may consume berwean 15 and 100 pg/d. Such intakes are
obviousiy adequate to prevent deficiency. There is no evidence of adverse =f{ects
from high intakes of hiotin,

There 1s no informauon on which to base estimatzs on addiienal requirements in
pregnancy or factalion.
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Summary

Average intakes of biotin are adequaie 1o meet requirements. Lhere 15 R
informalion on intakes below which deficiency is likely, nor adequate evidence to
determine the Population Reference intakes.

The acceptable range of intakes for adults s the ohserved rapge 15-100 wg fday.
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15. Vitamin C

Physiology and metabolism

Vitamin C (L-ascorbic acid) 15 mvolved 1n numerous metabolic reactions in ways not
vet fuily understood 14, The most specifically defined biochemical funcuon is as a
cofactor in hydroxylaticns using meolecular oxygen. notebly of proline to
hydroxyproling, as in the biosynthesis of collagen. Ascorbic acid participates in this
and other reactions as a reducing agent. 1t reduces Feflll) to Fe(ll}. which helps in
improving the absorption of non-haem iron. Tt reduces soperoxide radicals to
hydrcgen peroxide, and effecavely quenches singlet oxygen, which is the basis of s
ability 1o inhibit many destroctive phoio-dynamic effects, e.g. in the eye. and other
beneficial effects of vitzmin C in the human body have been ascribed 1o its
anuoxidanve capagity,

Ascorbic acid 13 ane of the main water soluhle chain-breaking antioxidants in
biological systerns *. Much autention is now being paid 1w the roke of vitamir C in the
anuoxidant defences of the body, but insufficient evidence is currently zvailable to

enable the anuioxidant statns of the body 1o be wsed as the basis of calculating
vitamin C requiremernts.

Ay low doses, absorption of vitamin © may be aimost complete, but over the ranpe of
wsual intake in food (30-180 mefd}, BC to 90 % is absorbed, When ingested in
amounis higher than 100 mg/d. it 1s manly exereed as soch, while the percentage of
gastroiniestinal absomption decrezses with the oral dose of vitamin C ¢ valves as
lorw: as 16 & 5.

Total bady stores of ascorbic zeid in adult man may reach jevels vp to 3 g at daily

intakes exceeding 200 mg. The average body pool of vitamin € of healthy male
subjesis consuming a self-selected diet with a daily ingestion of 60-100 mg of
ascorbate is arpund 1500 mg, 1.e. about 20 mefky body weight 5.

Levels of deficiency and excess

Frank vitamin C deficiency appears in the adult as scurvy, in tha child as Moelier-
Barlow disease, which has somewhat different signs.
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Seurvy affects primarily the mesenchymal tissues. Beczuse collagen formation is
impaired, wound heaiing is delayed. The deficient formation of intercetiviar subslance
and collagen leads to increased fragility of the capilizies and (o bleading e the skir,
mucous membranes, internal organs and muscles.

in childhood scurvy, the bone tissue is most obviously invoived, cspecially in the
breast cage and the siressed epiphyseal canilage of the exiremities. The disesse
can occur in arificiatly nourished infants after the &ih month of life, when the
transplacentally transferred reserves of the vitamir have been exhausted.

Clinical! signs of scurvy appear in adul! men on a daily iniake of less than 10 mp/d,
when the total body poot falls betow 300 mg ®, and are associated with plasma {or
serum) and whole blood vitamin C values of less then 2 mgl (11 jmevL plasma)
and 3 med. {17 pmaol/L blood); levkocyie leveis of less than 2 ug!lﬂs cells {83
pmol/L) are observed,

A lesser degree of hypovitaminosis C can manifest iself in “prescovbuiic” symploms
such as weakness, lassitnde, fatipee. increased susceptibility o infecnions, ard
perhaps to other disease conditions *. Behavioural abnormalities, delayed recovery
from surgical procedures, weight loss and deficient immune syslem responses have
been reponed.

A common featore of vitamin C deficiency is anaemia, dug 1o impaired ron and
perhaps folic acid metaboiism,

Reports that high intakes may be heneficial have led some individuals (o take large
doses of vitamin C. The only adverse effects consistenty reporied in apparently
healthy subjects are transient gastrointesiinal disturbances. Thess can occur after
ingestion of as htte as 1 g. but seem (O be caused by the acidity rather than the
ascochic acid per se because the symploms can be largely avoided by taking the
witarsin as a buffered salt. 1Y effecis of higher doses have occasionally been reponad.
e.p. un increased urinary excreton of oxalate with a resuliiag higher nsk of kidaey
stones in patients with defects of oxalate metabelism, but in general intakes op to 19
p/d seem not 10 be unsafe for healthy individuels 7.

Methods for establishing physiological requirements

Vitamia O staius can be evaluated {rom signs of clinical deficiency {such as follicular
hyperkeratosis, swollen or bleeding gums, petechial haemaithages, and joint pain),
or from its concentration in plasma, biood or leukocytes. It has also been estimated
from isotopic studies of body stores <.
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The Sheffield experimert on the vitamin C requirements of humean adulis 8 and the
iater lowa swdy © indicaied that a daily amount of 6.5-10 mp ascorbic acid is
sulficient to prevent or 10 cure signs of scurvy, The ultimare lowest physiolopical
requirement of adulis is presumably in that range,

It is generally assumed that the amoust of vitamin C required for optimal functioning
¢f metabolic processes within the body is higher than the amount to prevent classical
signs of scurvy. However, the opumal tissee levels of vitamin C for these PoCesses
are not known. Blood levels of vitamin C are often considered, although these Jevels
have their limitations. Plasma concentrations above 5 mg/L (2% pkmel/L) are raken as
indicating an acceptabie supply. Such levels are reached at vitamin C intakes from
about 30 mg per day, Viiamia C levels rise rapidly with jncreasing daily intake and
reach & platean of 12-15 mg/L (68-85 pmoi/L) at intakes far above 80 mg per day ®.
The strong relation berween plasma vitamin C and recent oral intake limits the valoe
of the plasma level as a reliable indicator of vitamin C zdequacy,

The ascorbic acid level in leckocyies approxzimately reflects that in the tissues.
However, it may o1 be a reliable index of vitamin C status as the vitamin rapidiv
maves from plasma into cells, e.g. during infections 17,

A prior. the best mearns of dziermining vitamin C reguirement would scem to be
determination of the total body pool and its fractional rate of loss or catabalism. The
approprizte intake wouald be that needed :a replace losses and thus maintain the
body pool, taking into aceount the bioavailability of vitamin C from tha diet

Translation of physiological requirements into dietary intake

Ciinical signs of scurvy appear in adult males when the total body pool of vitamin C
falis below 300 mg ¢ ¥t is desirable tc have vitamin C in amounts more BERArOUS
than just to preven: the appearance of scurvy, and psychological sbnommalitics have
been reported in mer with body pocls below 600 mg. There is no convincing evidence
of extra benefits from a pool in excess of 600 mp. but 2 pool of %00 mg would provide
reserves for peaods of low intake or wemporary higher needs, e.g. stress.

For a wide range of body poal sizes {12-1700 mg) and vitamin C intakes up to 60
mgiday, the mean frsi-order rate of urinary excretion of vitamin € and iLs
metabohites in adult men has been calculated as 2.7 £ (.5 % of the body pool per

day .

During the depletion perieds of the lowa experiments !?, ihe body pool was
catabolized at a rate of 2.9 + 0.6 % per day. One can derive from this a daily intake of
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viamin € ia adult men by assuming 2 bady pool of 900 me and an abserpuon
efficiency of 85%. In this way the Average Requirement (AR) for an adult man 1§
calcutated as:

900 x 2.9/100 x 1085 = 30,7 me/d, which can be rourded off 10 30 ma/d.
The Population Reference Intake (PRI) for adult men would bz
000 x (2.0 + 1.23/100 x 104/85 = 43.4 mg/e, which can he rounded off 10 45 mg/d.

It 35 difficuit to estmate a Lowest Threshold Intake (LTI for vitamin C. It c2a be
argued that it should be the amount that will cerainly prevent scurvy — semewhat
less than 10 mgfd in adoll men — but many would consiger that a 100 fesincied view
of the nutrizional imporiance of the vilamin. Mainlenance of an adeguate body pool
has been used as the hasis for caleulating the AR and PRI; a stmilar approach can be
emploved for estimating the LTI

It would be vnreasonable 1w calculate & LTI to maintain a body pool size of 9K me,
as failure 1o Go so is valikely to be harmiui However, it zan be denived for & body
poal of 600 mg as

£00 % (2.9 - 1.2)/100 x 100/85 = 12 mg/d.

Women probably have a smaller body poel shan men. and might therafore be
expected to have a lower reguirement. No comparable nemover studies have been
camicd cul on wamen, however, and in a depletion expenment the plasma vitarmin C
concentration was reported to fall more rapidly in females ihan in males It
therefore seams prudent 1o make e same recommendations for non-pregnant, non-
laciating women s for men.

Requirements of other groups of the population

Children

Lintle information is available peyond that 7 mgfd is sufficient to prevent scorbutic
signs in infants t4. The amount of vitamin C in breast milk seems to raflect matemal
dietary intake, noi the infant's needs, and in Evrope and USA intake may range Gown
w0 23 mefd. while apparently satisfying al! the needs of the infang 21E1LES,

The PRI for infants 6-12 months is therefore sel, somewhat arbitranly, at 20 mg/d.
i e about three iimes hipher than amounis KNown 1§ PTEVEDL SCUrvy.
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The PRIs of aider children are increased gradually to those for adulis.

Pregrnancy

Plasma and ieukecyte vitamin C drop Juring pregrancy ', It is nat known whether
this drop represents & nermal physinlogizal adjusiment (haemodilution) or indicates
an increased requirement. It i assumed thar the requirement of vitamin C during
pregnancy is somewhat higher than that of non-pregnant women but by nor more
than ) mg/d. This nerzase wonld allow for the 50 % higher plasma levels and
probabiy higher cell concenuation of vitamin C in the fetus and the higher catabolic
rate of the fetus,

Lactation

The

Lactating women should have a vitarmin C tntake which compensates for at least 20
mpg vitamin C excreted in breast miik, On the assumption of a 85 % bioavailability,
the dietary intake of lactating women should be 25 mg/d higher than non-lactaiing
women for e eatire lactaling petiod,

elderly

Conftcdng resulis have been reported on the changes of blood levels of vitamin C as
a resuft of gpeing. It seems, however, that in the absence of patkelogical conditions
that may influence vitamin € metabolism (e.g. digestion or abserption) or renai
functioning, the vitamin C reguirement of the elderlv do not deviale from those of
other adualts i3

Other factors affecting vitamin C requirement

There are indicaticns that smoking and some other factors and conditions may
influence the vitamin C requirement,

Smcking decreases the absorption and blood level of vitamin C and increases s
catapoliam. In heavy smokers (rowtinely more than 20 eigarctizs per day) with a
vitamin C :ntake of 60 mg/day, the mean absorpiion efficiency has heen reponed as
9 % lower and the mean half-life significantly redeced by zbout 60 %) as campared
with non-smokers *% A direct relalionship has been demonstrated between the
number of cipareties smokad per day and levels of vitamin C. The daily tomnover of

vitamia C of heavy smokers would be about 40 5 higher than that of non-smakers 16,
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“Ihe function of ascorbic acid in the absorption of non-haem tron has been rmentionad
already. The section of this report deahing with iron discusses the difficulty some
women have in obtaining an adequale supply of iron. The bioavailability of dietary
non-haem iron cin be substanually improved if the meal conrains 25 mg or more
ascorbic acid

Some circurpsiances enhance the requirement for vitamin &, e.g. high physical
activity. meatzl stress, zicoholism, drugs, aad a number of pathological siates, ¢.8.
diabstes 4. Unfortunately, the effects of alt these faciors have pot been quantitied
and resulis of studies are not concordant. Therefore, the optimal inke of vitamin C
in such stress canditicns is not Known,

Higher recommendations

There is a schoci of thought which believes that human requirements for vitamin C
zre considerably kigher than the PRIs discussed above, eg. morz than 1 gid.
However, ihis is bused on extrapelaliens to man from ebservations i animals that
many consider unjustified. Intakes in excess of aboul RO-100) mgfd lead w 2
guamitative increase jn wrikary excretion of unmetabokised vitamin C, indicaing that
ar this lavel nssue reserves are saturated, [t 15 difficuls to jusufy a requirsrlent in
axcess of tissue SIOrage Capacity.

It is hoped that in the rear fuiere maore mformation will become avallable on the
guantitaive role of vitamin £ in the body's defences against free radicals and an
epidemioiogical evidance that appears link higher viamin C intakes with 2 lower
level of some discases @217



HNulrition. Chaprer 15 %itamin T

Summary

P1-1E-1957

119

Adults mg/d
Average Reguirement 303
fopulation Refcrence Intake 45
Lowest Threshold Intake 12
Population Reference Intakes of other groups

Are Group PRI (mg/d}

&-11m 20

1-3y 25

4-6 ¥ 25

710y 30

11-14 v 35

1347 v 40

Pregnancy 33

Lectazion 70
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16. Vitamin D

Physiology and metabolism

The twe major forms of visamin D are the secosieroids cholecaletfero) {vitamin Dy,
denved from cholesterod and of animal ongin. and ergocalciferol {vitamin I}, ), denved
from the plant stercl, cigosterch. Since vitamins {5 and By have roughly the same
activity in man, the term vitamin D wilt be used here 1o eefer o both I and Dy
Amounts of vitamin D are usually expressed in terms of weiphi, bat the older
Intermauonal Uit (10) 15 st o ese (11U = 0,025 pg vitamin D).

Saurces

Vitamin I is not stretly @ viamin as most of 1118 formed in the body by the action of
sunfight converting 7-debydrocheoiesterol in ihe skin o previtamin Dy ' This
erdogenous synthesis depends on the thickness and pigmentation of he skin and on
the quality (290-315 nm) and intensity of ihe oltraviolet imradiation; the towest UVE
radiation that produces a significant increase in serum vitamin By is 18 ml/em? in
untanned white subjects 2. A¢ in North America 2, this threshold level may not be
reachad in Northern Eurnpe for 2 large part of the year. For example n Pans (439N}
onby between late spring and early autumn is there suffrciene UVR solar rediaticn io
oroguce vitarin . Ever so. the amourt produced during that limited season appears
1o be adequate to cover the needs of healthy adults living & latitudes between 35°N
and 60PN, provided that the time in sunlight (i3-15 min/d} anc the amount of skin
exposed (30%) to optimal UV irradiztion are sufficiemt *# znd that aunusphenc
pellution is not excessive 7. Yiiamin D synthesis also depends on the ape of lac
subject. being decreased in elderly peopte 3.

The dict is a much less important source of vitamin D. Only a few foods (fatty fish,
egps, butter, liver and cerain types of meat) contain significant amounts of the
vilamin and average daily intskes are too small 1o nfluwence vitamin [ states
significandy, unless fortified food produces are eaten regularty, €.g. marganne, milk,
ceraals. Dhetary practices, such as vegetarianism %, macrobiotic diets ¥, or just low
calcium intakes 8, may decrease the avalability of exogenous vitamin D or increzse
its catabelism.
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Metabolisrm

In the blood vitamin D is bound 10 a specific vitamin D-binding protein, DBP, and is
transperied 10 the liver, where it endergoes a first hvdroxylation into 25-
hydroxyvitamia D (25-(QH)D). This formaton of 25-(OHID in the liver 1s not lightly
repulated and after inadvarmenl administration of excessive doses of vilamin D
cireulating leveis of this mewbolite increase up a hundred fold higher than those
found in healthy populations. In its tum 25-(0H3D is transported, bound 16 the same
DBP. to the renal prexirmal tobule, where i is conmverted into 1,25-dihydroxyvitarnin
D (1,25-(0H), D) 5.

The renal proximal tubule iz the major comtributor to the circutating pool of 1,25
(OH).D in heaithy nom-pregnant subiects, 0.3-1 wef/d being formmed 2. During
pregnancy, the fetoplacental urat 1s a second magor source of the circulating 1.235-
(OH),D. Unlike 115 precursor, 25-(OH)D. the circulating levels of 1.25-{0H),D are
rol irfivenced by vitamin [ status except st sitnations of severe witamin D
deficiency. In contrast, the synthesis of 25-{0H); D is tightly feedback rezulated by
L.23-(OHY D fiself and depends mainly vpon the caleium and phosphate necds of the
body ER Ry

Actions

1.23-{0H}:D is the form of vitamin D responsible for caleium and phosphate
absorpuion from the imtesnne, and for varous actions on bone, kidneys, parathyroid
alands and muscle, ieading 10 the mainlenance of phosphate hemoeosiasis in the
extracetlular fuid. 10 an increase in the extracellular concentration of caleivm and to
adequate minerzlization of the skeleton 1154 In additien. 1.25-(0H},D may be
direetly invelived in a varety of differem processes unretated to calcium and

phosphate homoeostasis, but the physiciogical relevance, if any. of thase latter
aclions remains to be evaluated.

Deficiency and excess

The early signs of vitamin D deficiency are infraclinical: decreased sernm
concentrations of calclum and phosphate, resulting frem depressed absorption of
caicium and phosphate from the intestine, secondary hyperparathyroidism and
mcreased serum alkaline phosphatase activity, Hypocaleemic convulsions may occur
at this stage, Later signs are inadeguate skeletzi mineralization {rickets or
osteomalacia), boae pans, severe bone deformities, and allerations i muscle
meiabolism and respiratary function,
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Signs of acute and chronic vitamin 1) intoxicztion include nausea, diarhoea, polyurna,
waight loss, hypercalcaemii, hypercaleiuria, and eventually nephrocalcinosis,
decreased renal fupction. or caleification of soft tissues. Signs of vitamin D
intoxication have been found afier prolonged administration of 250-1250 ug/d 13,
although short term administration {7 weeks) af 250 pg/d to healthy adults had no
detectable effects on the scrum and unnary calcium and phosphaie CONCeniraiigas,
and did not increase 25-(OHID concentrations above levels spontanequsly reached
after daily total pody exposure 1o UV irradiation 4

Hypercalcacmia has been shown 1o gocur occasionally in infant populations recgving
periodic administratien of very high doses of vitamin D ¢15 mg, every 6 months) as a
nrophylaxis against rickets, and 25 {OHID fevels in the bleod of these infants reach
values similar to those found in patients with obvicus vitamin D inloxication 15,

It was claimed that proionged daily intakes of 100 hp/d by infapis increased the
incidencs of hypercaleaemia 1%, but no reiiable assessments of vitamin [ intake ¢ould
he made at that time. Doses of 50 ng/d do rot appear to be harmful to infams as they
do rot affect statural prowth 17,

Requirements

Assessment of vitamin D status

The most reliable marker of vitamin T states is the circulating tevel of 25-(0H)D.
Healthy adults wha do not expose themselves o supshine, or live in countries with
only 2 short season of wseful UV irradiation, may have 25-(OHYD valees as fow a3
-8 ng/ml (15-20 nmol/L). Subclinical signs of vitamin I} deficiency have besn found
i some of these ntherwise healthy adults with 25-(0HD fevels below 10 ng/mi At
fhe oiher end of the scale, 25-(OHMD levels as high as 80 ng/ml (200 nmok/L) are
found in healthy adults living i tropical countries or in southern Europs after
profonged sunbathing. Patients with ciear signs of vitamin D intoxicauon usually
have 25-{0HD levels above 100 ngfmi. Thus a desirable range for 25-{OH)D could
ne 10-40 ng/m! {25-1060 nmol/L). The vitamin [} requirement is therefore being
considered as thal pecessary o maintaln circolating 25-{OH)D concentrations in
thal ranpe.

Dietary recommendations

The problem in trving to give a dictary requirement for vitamin D is that mary
individeals maintain their circulaing 25-{0OH)D concentrations in e desirable range
by endapenous synthesis of vitamin D, and so pead none 0 the diet
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Those that do nat produce sufficicnt vilamin D by endogenous svnthesis need some
dietary supply, The intake necessary will deperd on the shortfall of exposure to
effective UY radiation and perhaps on inadequacy of calcium and phosphale intakes.
There will thus be considerable variation between different geographical regions in
Europe (lztitude, climate and air pollution) and perhzps between soctal and ethnie
groups in & given geographical region (caleiem and phosphale intake, exposure to
sunlight).

Ta sech cireumstances, precise recommendations are hard te give; for some groops it
would be porntless to try to do 84, notably for adults, where most have no digtary
requirement,

in all groups of the popelation however some individuats will need some dietary
vilamin D, and 3 range of values is suggested that would meet the nezds of zll
members of the group, oven thase with minimal endogenous production of vitamin D.

Some populatign groups may have difficelty in obwining their needs by cndogenous
synthesis, either because of inadeguate expesare ta surlight (e.g. the ¢lderly) or of 2
physiolagically raised requirement (e.g. in pregnancy and lactation) or both {e.g, very
voung children) Substantial numbers in these groups will need dietary vitamin I,
and there 15 a s:zeable risk of an individual becoming deficient In these groups, as 2
matter of prudence, a minimum value for imake is given, ie, it 5 cecommendad ithat
2l membars of the group receive thal amecunc In pracuce this will call for the
consumptian of supplements or fortified foodsuffs,

Aduits

On the basis of their 25-(QHID levels, dietary intakes of vitamin D do not appear
essential for healthy adelts, adeguateiy supplied with calejum and phosphate, uniess
they are confined indoors 2.

Mo information is available on the effects of dietary vitamin D on 25-(QHID Jevels of
non-pregnant younger adults, but from studies on elderly people 1512, it appears that
daily tntakes of 10 [2fd would bring 25-{0OH)D) concentrations into the desired ranpe,
even if endogenous synthests were minimal.

It 15 suggested that the requiremenis of all adults would met by dictary intakes of (-
O pegid,

Children

There is a subsiantial incidence of rickets in infants not given vitamin D
supplements. Swdies on the 25-(OH)D levels of infanis supplemented or not
supplemenied with vitamin D confirm that infanis have a high requiremen; 2021,
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In order 1o maintain circvleting 25-{OHID levels in the desired ranpe it is
cecommended that the dietary intake of infants 6-11m shonld not be less than 10
ng/d. b is possible that the requirement may be higher in spme infants, perhaps up 10
2S5 pgid

Infants and children are vulnerable to vitamin D deficiency because calcium is buing
1aid down in bone at a hiph rate, As childrep in the 1-2 y group may not get adequale
exposure 10 sunlight it is recomsmended that their intake should rol be less than

1} gg.

(Glder childran stil) have a high requirement for vilamin D, and adolescents, who Lave
ko Teach adult bone mass at a time of accelerated skeletal growth, have a particular:y
high requitcrent for calcium and thus for vitamin D. Most children of 4 years and
over and most adolescents should however pel enough exposure 1o sunlight to make
adsguate amounis themselves.

Those belonging to social or ethaic groups with insufficient exposure to the sun. or
on not wholiy satisfactory dicis, are at risk of vitamin D deficiency, and atiertion
should be paid to adolescents in northern Evrope, The ranges of dietary vitamin [J
are -0 pefd for 4-10y and O- 15 pgfd fer 11-17 v

FPregnancy and lectation

The

Pregnani and lactating women have higher requirements for vitamin D than do non-
pregnan: wamen along with their need for high amounts of calcium and phosphate for
she mineralization of the growing skeleton of the fetus and infant, lactaning women
slso have to provide vitamin D in the milk. Nomerons studies on 23-(0HID levels
have shown thal custamary exposure 10 suniighi in Evrope may be insufficient 10
cover the needs for vitamia D, especially during the Jast trimester of pregnancy, ard
notably at the end of the winler. The ensuing vitamin D deficiency wili affect not only
the mother but also the newborn, whose vitamin D resseves are very dependent op
those of the mother, To maintam 25-{OHD levels, 10 ppAd is recommended #2422,

elderly and institutionalized individuals

Because of lack of exposure to sunlight, and the dechine with age of the abiiity to
syrihesize vitamin Dy. elderly and institutionalized peaple are prone (o develop D
deficiency. To maintain circulating 25-(0OH)D values bstween 10 and 20 ngfmi,
clderly and instiwtionalized peaple should receive 10 pp/d 1818,
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Summary

Requiremenis

A range of values up from zere indicates that all members of the groop shouid be
able 10 produce adeqoate wvitamin D for themsclves by exposure o0 sunlight, and
most will, with no need for a dietary supply. The higher end of the range 1s ihe
estimated dietary requirement of an individual with minimal endogencus synthesis.

In other groups a single value indicates that it is prudent for the whole group 1o be
supplamentad ¢ avoid accurrence of vitamin D deficiency.

Age group PRI (pg/d) L
6-1lm 10-25
1-3y I
4-Gy {3-10
7-10y 0-10)
11-14 y N-i5
15-17 v 0-15
18-64 v 3-10
65 + ¥ 10
Pregnancy 10
Lactaton 1
Higher intakes

Imakes of 250 [izfd have been reported as harmful '3, the lowest level at which ill
¢ifects appear is not known, Intakes of 30 wg/d appear zafe 7. There seems no
benefit 10 be obtained by healihy individuals from higher regular intakes. It would be
prudant 20e g exceed 30 pgfd in habitvat intake.
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17. Vitamin E

Physiology

Vitamin E activity is manifested by two serigs of compourds, The more important
are the wocophersls; the weotrienels, differing in the degree of saturatign of the
phytyl side chain, are less potent biologically and provide only a Hule of the vitamin
E acivity of the diet Within sach series are foor compounds (designated a, B, v
and &) differiag in the number and position of the methyl groups on the chromanol
ring. Synthetc @-tocopherol is a mixture of isemears. The multipie forms ditfer in
vitamic E poténcy, the mosi aclive being the natural isomer RRR-a-tocopherel,
which accaunts for about 90% of the vitamin E present in human tigsues. The vitamin
E activity of all is now conventionally summed in terms of the equivalani value of
RER-e-tovopherel ! (] mg a-rocopherol equivalent = 1.5 international uniis).

The biological action of vitamin E results principally and perhaps entirely from it
anlioxi¢ant properties; it prevenis propagaucn of the oxidation of unsarurated fatty
acids by trapping free radicals, This is believed @ be the basic function of viamun E
in amimal tssoes, where tocopherol is found in cellvlar membranes assocciatad with
polyensaturated (atv acids (PUFA} in phosphohipids. In vitamin E deficisncy, the
oxidation of PUFA leads to stractural and functional damage 0 celivlar membranes.

Levels of deficiency and excess

Muost diets are an adequale source of vitamin E, and ¢consequently for many vears no
clearly defined deficiency syndrome could be described in man, and no clinical s1gns
of deficiency are ever seen in individuals without other metabolic defects. Children
and adults unable to absorb or wtilise vilamin E adequately can develop a
characteristic and progressive neurological syndrome involving the central and
peripheral nervous system, relina and skeietal muscles, afier a peried of years
during which the plasma tocopherol concemtranion has hesn exiremely low.
Appropriate treatment with viiamin E can prevent thig if piven sufficiently early.

A specific syndroma comprising haemolytic anaemia. thrombocytosis and eedema
has been reported in premature infzats, but the introdection of mulk formolas
cenlaining adequate vitamin E has resuled o 1is vinual disappearance.
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Over e years there have been many ¢laims that vitamin E wn quactties much largsr
than those needed to prevent any delectable deficiency may have beneficial effects
on vanous disease processes or an promelding betier gencral heahh, Most have not
cained wide acceplance. Currently however there is much interest in a poswlated
role of antioxidants in preveniing pathological processes in which [ree radicezls have
been impiicated; particular auention has been paid to viamin E as it can act as a
free-radical scavenger. It has been supgested that & genercus intzke of vitamun E
might protect against, among other things, cancer, atherasclergsis, coronary heart
disease, cataracts, anhrios, agetng and air pollutanits . Por example, an inverse
relatignship has been reposted betwesn plasma vitamin E concentration and
cosonary heare disease *%.
Because of the numerous reporis of the peneficiz] effects of igh doses, it 35 no
uncommon for individuals 10 consume large amoums of vitamin E. There have been a
number of deuble blind wr1als to mvestigate high doses of vitamin B ep to 3,200 ma/d.
cw adwverse effects were reported and none consistently but above 2,000 mp
o-tecophersl equivalents per day some subjecis showed ntastinal disorders
{diarrhoes and cramps)? .

Methods of establishing physiological requirements

Since clinical vitamin E deficiency due to an inadeguate supply in the diet does not
exist. some other marker of E slaws is necessary, and a commonly vsed one 15 the
plasma iocopherel concentranon, This however changes wnh the concentration of
serum lipids; as they nise tocopherol appears o partition out of celluiar membranes
isio the cirenlaugn. The tocopherol concentraon is thersfore best expressed as the
serum tocopherel; ozl ipid rano, oy the serum tocopherol:icholesierci ralio is
almost a8 good, and is more cenvenient 10 measore ©

The major funcricn of vitamin E is believed to be 1he protection of cetlular membrane
Lipids from oxidaton and a wideiy employed test for this s to expose red cells in
vitrg W oxidizing agents sech as dilute soletuons of hydrogen peroxide. Below a
plasma tocopherg] concentration of 0.5 me/d] (11.6 nmel/L; tocopherol:chelesters!
raio .25 pmoelmmol} the ervihrocvies tend 0 heemolyse, A substantial decrease
below this concentration is necessary to redoce red cell survival time in vhve T
MNevertheless 2 plasma 1wocopherol concertration of 0.5 mefdh (1 1.6 pmol®.) or. beter,
a serum tocopherol: cholesterel tatic of 2.25 umol/mmaol. 18 taken as an indication of
bigchemical abnormality, and it is considered undesirable to have 1ovophere!
conceatrations fali below that.
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In favourable circumstances the plasma tocopherol concentration ¢an be maintained
above that on rot very large intakes of vitamin E - for some adolr males, on not
much ahove 3 mg a-tocopherol cquivalents per day, provided they have 2 low intake
of PUFA &,

The requirement for vitamin E is determined (o & large extant by the PUFA comtent
of the tissues, which is influenced by the PUFA conient of the diet. Numerous
experiments have shown that increasing the PUFA coment of a diet low in viiamin E
has adverse effects on E status &7 and if there are very large amounts of PUFA,
substantial quantities of extra vitamin E are nesded 10 restore the plasma tocepherol
concentration o an adegnate levet 2.

Translation of these physiological reguirements into dietary
intakes

A major problem in making recommendations anises from the fact that E
requirements are influenced by the PUFA intzke. There are wide variations in PUFA
consumpkion; the intakes of individuals are not nommally distributed but are skewed
with some quite high values. In 2 recent study of adult men in UK ¥ rhe 97.5 centile
intzke of 7-6 PUFA was 29 g per day, The amount of vitamin E reguired for such an
intake of PUEA would be high. To pive such a value as the PRI weuld have the
undesirable effeci of indicating to peeple with a much lower, but adequate. intzke of
PUFA that they ought 10 take suhstantally more vitamin E when they hed no need
1o do so.

However, widely differing intakes of PUFA are normally not 2 problem: 1n pracucal
vitamin E puthtion. Foods rich in PUEA tend to contain large amounts of vitamin E,
s high intakes of PUFA are usually aecompamied by comparably hiph intakes of
vitzein E. This is not always the case with ail individua! foodstuffs, but wken aver a
mixed diet, the peneraiization seems ta held.

The difficulty in makine recommendations about dieiary inlake of vitamin E is that
there is no good evidence ihat dietary vitamin E deficiency exists, in part because
vitamin E is widely distibwed in cemmon foodsinffs, and accompanies the PUFA
that raise requiraments, A recent demonstration of this was i 2 survey in UK 19, Of
1,763 aduit subjects only 11 (6%} had serum tocopherol:cholestero ratios below
2.25 pmol/mmol.

Thete are varigus responses 1o this problem. One is to declare that, as vinually all
diets are adequate wilh respect to vitamin E, recommendalions are unnecessary
except {or infant formulas.
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A second approach i 1o decide that since the diet as consumed 15 clearly adequaie
with respect to vitamin E, the recommendation should be based on current intakes.
In prosperous societies, however, most people seem 1o ingest more vitamin E shan
they need to maintam apparent biochemical normality. In the recent survey of Brtsh
adults -9, of which over 99% had accepable serum locopherolicholesterct ratios,
seven-day weighed dietary records (excluding vilamin supplements) showed thai
the 2.5 and 97.5 centile intakes of a group of LOB7 males were 3.5 and 9.3 mg
a-tocophere! equivalents per day, and of a group of 1,110 females 2.5 an¢ 15.% mg per
day.

Another apparently more togical approach is to make dietary cecommendations for
vitamin E in terms of the dietary PUFA intake. There is however no general
agreement about what the rado mg e-tocopherol equivatenis:g PUFA should be, but
about 0.4 seems adequate in 2 nommal American diet 12 Furthermore there 1
evidence 1hal sven on a very low intake of PUFA, a substantial amount of vitamin E
is still needed .

Suggestuons have been made that intakes of vitamin £ in amounts much larger than
normaily considered essenttal would raise plasma c-tocopherol concentrations zrd
have health benefits. The svidence fer this is as yet insufficiently copvincing. and
there is even less certainly on whai the effective daily amcunts might be.

The claim shoudd be kept under review as the resclts of more wark, including, it is
hoped, intervention krials, are published. Shouid it prove trwe, the problem could anse
of distinpuishing hetween true putrient needs and the use of nuirients zs
prophylactic drugs 12,

Children and infanis {6-1Iim}

A diet containing 0.4 mg u-tocopherol equivalents per g PUFA seems adeguate for
children. [t is teasonable to assume thal as in adults there is some basic
requirement for vitamin E on a diet very low in PUFA, but there is no infopmation
about what the amount might be. In practice. there seems no csuse for concern, as
there is no evidence of E deficiency in metabolically normal chifdren,

Infant formulae always conmain adequate amounts of vilamin L.
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Pregnancy and lactation

Since vitamin & deficiency has never been reported dunng pregnancy and lactaiion,
even on quite low intakes *, ae recommendations for supplementation are made.

Summary of proposals

As the vilamin E requirement depends on the dietary PUFA jnuake, and dieiary
PUFA intakes vary grealy between individuals, il is inexpedient ta set a single PRI
value that would meet the Known nutient needs of practically all healthy persons as
this wonld be misleadingly far too large for maost of the group.

Cimiiarly there seems Jitte menit in £Iving an average regquiremanl.
- = = E=

A requirement for vitamin E can be defined in rerms of dietary PUFA intake. Vimn
E cequirement (mg a-tocophero! equivalents) = 0.4 x {g distary PUFA). There is no
cvidence that this level would be Inadequate for anyone, provided ihe value did noi
fall below 4 mp/d for adult men and 3 mpfd for adult wormen {because of their smaller
body size. women would have less PUFA in their tissues needing proiection).

Large doses are psuably harmisss, but shouid not zxceed 2,000 mg g-tocopherol
equivalents per day.

Claims that very generous iniakes of vitamin £ have beneficial effects on health are
not being 1aken into account 1n making the present recommendauons.
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18. Vitamin K

Fhysiology

Vitamin ¥ activity is shown by a number of compounds containing the Z-methyl-1,4-
naphthoquingne strecture. They include phvlloguinene (the major distary socree),
which occars in plants, and the menaquinones, symhesized by bacteria 1.

Kapwisdge of the physiclogy of vitamin K has lagged behind that of the other far-
sohuble vitaming mainly because of the difficulty of guantifying the vanious forms. The
best dietary sources are preen leafy vegetables, Much smaller bul neverthziess
sipnificant amounts are found in other foodstuffs of both plant and arimszl origin ' It

is amcertatn 1o what extenl the intestunal bacteriz contrihure vitamin K to the
body 34,

YVitamin K is reasonebly weli absorbed from the small intesting, but only pogrly from
1he colon. Like all far-sosble vitaming 18 absorpion in subsiannal amounts depends
upan normal production of bile acids and pamcreatic enzymes. [t 15 Znhanced by
dietary fat. In malahsorption syndromses uplake from the diet is very poor L

There 15 Btile siorage of vitamin K in the body and there appears to be a fairly rapid
tumover, $0 a continual supply is necessary in the diet.

Viiamin K operates as an essential cofactor for a carboxylase enzyme catalvsing the
postranslational carboxylauon of specific glutamyl residaes in some proteips 10 the
v-carboxyglutamic form %, The best known such proteins are prothrembin and at least
five other proteins invplved i biood clotting, More recent wark has shown that a
number of other proteins containing y-carboxvelutamic acid reguaire vitamin K for their
biosynthesis, notably osteccalcin in bone 3.

Deficiency and excess

Vitamin K deficiency results in a bleeding syndrome conseqeent spon a lack of
clowng factors. No deficizncy srpns have beco reporied as a resull of inadeguate
production of other vitamin K-dependent protetns.
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Clinical features may range from mild bruising to severe hife-tkreatening
haemerrhage. Deficizncy can occur in infants, who ane born with fow reserves and no
gut flora, as breast midk 1s not a good source of the vitamin,

Clinical vitamin K deficiency is never seen afier the fiest tew months of life, except as
a consgquence of disease staies, e.g. malabsorption, the use of vitamin K
antaponisls as anticoppulant drugs, long-lerm treatment with some antibiotics,
parenteral nutrition without vitamin K 4.

No adverse signs have ever been reported from large oral doses of viramin K °.
Menadiona, a synthetie water-soluble compound with vilamin K acovity, may induce
haamalytic anaemia. nyperbilirubinaemiz and kernicterus i the agwhborn; these are
not mamfestations of hypervitaminesis K, but are side effects of an unphysiological
form *.

Requirements

It is a0l 2asy Lo estimate human requirements because of the difficalty of inducing
vimun K deficiency in normmal subjects. Vitamin K status has usvzlly been assessed
from the plasma concentration of prothrombin, mezsered from the clotupg time 1n
standardized conditions {prothromin time). New more sensitive procedures are
now being used (o measure decreased activity of vitzmin K-deperdent clotting
factors, iowered serum concentration of vitaman K and decreasad urinary excreticn of
“w-carhoxvplulamic acid *.

In one experiment young healthy subjecls consurmed a diet, from which foods nich i
viamin K had been romoved, 10 give approximately 50 g phylloguinone/d. Blood
clotting appeared normal, but there were signs thal prothrembin biosynthesis was
not optimal, and there was a decrease in v-carboxyglutamic acid excrenon,

Supplements of 30 |zg phylloguinenesd restered these indices to pormal .

These findings are ¢onsisient with earlier work indicating that the regoirement for
dietary vitamin K is abowm | g per kg body weight per day -7,

Coasidering the difficulty of inducing vitamin K defliciency in healthy subjects, the
probiem of monilonng vilamin K statws sensitively and reliably, the uncertainty of
how much might be supplied by imesiinal bactena and the lack of accurate values for
the amount of dictary K just suffcient 1o maintain normal function, the Commattee
decided 1o make no recommendalion for vilamin K. An intake of T up per kg body
weight per day appears adeqguats and would be provided by 2 normal mixed dizs,
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19. Calcium

Physiology

The adult male contains approximately 1.2 kg calcium {ie. 1.5-2 % of the hody
weight), zbout 99 % of which is in the skeleton and the teeth; the residual 1 % is
distributed herween soft tssues (0.6 %) and the extracellutar flud (ECF) (G.06 %)
including plasma (0,02 %). The inwracetlular concentration of calcium ranges from ] 5
mmolkg in muscle and platelets to as litde as (.02 mmolkg in erythrocytes, Piasma
and ECF calciom concentrations are 2.0-2.5 mmolfL: of this approximately 10 % is
complexed with ¢iirate, phosphate. bicarbonate, and 45 % is bound to circalating
proteins of which 80-50 % is bound to albumin, About 43 % is present as ree calcizm
ions — this is the functionally active pool, and it is far ip excess of ihe Intracellutar
activity of free calcivm, which is only about 0.1 pmol/L &2,

Calcinm in bane has a structural function as a compenent of calclum hydroxyapaute.
the principal bene mineral, which is complexed within the glycosaminoglycan ground
substance and collagen (ibwes of the organie matrix.

Calcium has an important regulatory role; the thousand fold gradient between 2xtra-
and intra-cellular ionic calciwm conceniraiions 15 fundamental te celiular signal
transduction and amplification. An induced influx of calcium wiggers and activates a
variety of cellviar physical and metatalic events such as enzyme activation, muscle
contracuion, Teurotrapsmission, vesicular secretion. celluiar aggregauon,
rransformation and cell division.

Although some czlcium is absorbed in the distal bowel most i3 taken up in the
proximal iniestine via a carrer-mediaied pathway and by diffusion whick may L
paraceltular. The former involves a calcium-binding protein which transfers the
element across the enterocyle 1o the baso-lateral membrang where 1t is exiruded by
Ca-Mg ATPase. When calciuvm requirements are increased, ciccuelating
concentraions of calcitriol (1.25-dihydroxycholecalciferal} increase, upregulabning the
carrier-dependent absarprion of calcium.

Within the intzstinal lomen dielary components sech as phytate, oxalate, alginate,
urpnate, phosphzte, and unabsorbed Hpids may bind caleiwm and reduce its
absorption. Gn the cther hard the luminal availability and absorption of the ¢lement
is enhanced by laciose, phosphatidic acid, aming acids, sucrose, and increased
intraluminal pH *.
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Caleium excretion occars via both the gastrointestinal tract and the kidneys. The
urinary conicat of caleinm is retated closely to the dictary intake of the elemen. Up
o 97 % of the calcium entering the renal glomerular filirate can be reabsorbed. The
remaining 3 % may represent an ‘obligatory’ uripary loss of calcivm which is
constdered as @ significant determminant of caleium reguiremenis. Urinary calcium :085
rises with increasing intakes of sodivm and protein: however tha laier effect may be
offsel by the accompanying high phosphorus inakes in the protein sources.

Calcium homoeostasis conols and protects the metabolically wital plasma pool of
ionised calcium by simultanecosly modifving its absorption, renal excretion and
tumever in the mobilisable pool in bone. The principal regulators of these processes
are parathyroid hormone, calcitonin, and caleitsiod *,

The secretion of parathryroid hormane is increased in response o low plasma lenised
calcicm concentrations and. possibly, low plasma magresium concentrations.
Initially this increased secretion is effected by increased cellular producticn of tne
hormone itself but with chronic hypocalcaemia parathyroid hyparplasia susinas the
increased secretion of honmons. Parathyroid hormong increases renal excretion of
phosphate and retention of caleiam, It zlso stimulates the 1 a-hydroxyiabion ef
calcidiol (25-08 cheleealeiferal} to caleitiol; thereby having an indirect effect on the
intestinal abserption of calcium, Parathyroid hormone may also have a direct effect
on the enterocyte. The hormone increases bone turnaver and the release of calcum
from ihe freely exchanpeable calcivm pools. It does this first via the surface
psieocvies and in the long term by inereasing the namber of basic multicelivlar wmits
(BMUS which mediate and coordinate bone temavesr,

Calcitriol siimulates intestimal calcium upiake by increasing the enterocytic
production of calcium-binding prokein, It alse induces 1the maturation of asteobiasis
thereby stimulating calcificator of bone matrix, whilst simulanacusly diocking bone
resorption by inhibiting paraihyroid hormene producion. Caleitonin is secreted by the
thyroic C cells in response to high pilasma jonised calcium activity, which it reducse
by increasing the rena! excretion of calcivm and reducing osteoclastic acnvizy.

Other hormaones including the famale sex hormones, mineszlocorucoids, the thyroid
hormones, and parathyroid hormone-related protein have a direct or indirget effect via
the BMU or skelewa] mineralisation and calcium metabelism but the precise
mechanisms are notl clear.
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Deficiency and excess

Acute calciemn deficiency ansing from diciary prnigin is rare, the exceplion being voung
infants fed infant formulas with &n inapprepoately low caleiurm:phosphorus ratio. The
features are muscular weakness and tetany resulling from reduced ECF somised
calcium activity. Thus feawres of calcium deficiency are commoniy 5e2en 1n saverse
systemic alkatosis in which tonised calcium ltevels are reduced.

Chronic caleium deficiency causes a reduction in bore density in children and may
contribute to an inereased fracture rate, i ts debatable whether or not 1t causgs
growth retardation in children. Sim:larly the role and imporiance of sn inadeguate
calcium intake in the pathogenesis of osweoporosis 15 not clear. Adeguale bone
formation depends on many nutrients and simdarly the aptioiogy of osteoporasis is
orobably multfacterial 4. It is uncenain that current calcjum inezkes play a major rale
in the pathogenesis of osteoporesis 2% Although caleiem supplememts (1 g
calcium/d) slew the loss of bone density im esiablished post-menopassal
osteoporosis, this needs to be further evaluated in the context of the similar, or
possibly extra, beacfiss which can be achieved by exercise, vitamin D or hormaone
replacement therapy 27 %112 or by changes in Lifestyle 2nd calcium intakes in
earlier life.

Calcium excess arising from dietary intake 18 rare because of the effectiveness of the
hemoeostatic mechanisms. in heallby individozls, intakes of 2.5 g (62.5 mmol) are
tolerated. At intakes above this, 25 may occyr with ingestion of supplemenis of
calcium {and someumes of vitamin D) of of antacids, 1here 15 2 rsk of renai stones,
hypercalcagmis and impaired renal function.

Requirements

Aduits

Since plasma iomised caleium activity is maimisined by mobilisation of skeletal
calcium stares, as weil as by increased net intestinal absorption and renal
canservation of the element, if the dietary intake of calcium 15 inadeguate the plasma
1onised calcium can be mainained for a long time &t the expense of the skelewal pool
The approximately thousand fold tigger size of this endeogenous resource of caicium
compased with ingested amosnts (S00-1000 mg daily) makes 1t difficull 1o estabhish
reitzbie coanditions urder which obligatory iosses of caleium car be gavged against
diztary inlzkes. Although metabolic balances have been used Lo anaiyse the
adequacy of calcium requirements, experience has shown that few swdies allowed
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sufficient time for systereic and intestinal adaptacion to aliered dietary wntakes o
aceur or measured simultaneonsly the systemic hormoral homoeostatic adaptazion.
The prolonged studies of Malm ¥ supgest that with time adult men car adapt to a
calcium intake of 400 mg/d. but most metzbolic studies nave used intakes in excess
of this and extrapolalion of the data is limited also hy the variable hioavailabiity
arising from the various diets used.

Bore density or the incidence of osleoporosis were nogt considered svitable
measurements for deigrmining calcium requiremenis because they are both subject
to many physical, genetic and nuwritional influences 5.

Requirements have bgen estimated on the assemption ihat the principal determinant
is the obligatory loss of the elament via skin. fasces and vrine, with additicnal
esttnzted increments for skelewa! growth and conselidation, In adulis the needs for
bone growth are minimal even though some 10 % of bone corselidation occurs during
the third decade. No reliabie data are available on losses viz sweat and the
imegumenis although these may not be aeglipible *. A lzvel of such nonfazcal losses
including 'oblipatory vrirary loss' has been 1zken as 160 mpid. Assuming
conservatively an absorptive effictency of 30 % this transistes to an average
requirement af 330 mg/d {rounded to 550 mefd) which with a 28D disinbution comes
10 TO& mg/d as 3 PRI with the LTI b=ing set a1 400 mgsd. [This may be a penerous
recommendation, and at an alternative, and no: urlikely, absorptve efficiency of 40 &
the average ‘systemic need’ would be met by an intake of 400 mg (+25D = 520 mg)).

An ppper iimit of inwke of 2.5 pfd 15 advised.

Children

Between the zges of | and 10, the average dailv calcium relention needed for
skeletal prowth has been cstimated to rise from 70 to 150 mg/d 13 The PRIs given
are hased on the assumpiion that there s a net absorption of 35% of dietary calciom,
with 30% (considered as equivalent 1w 255Y) being zdded to the calculaed amount o
allow For individual variation.

In the absence of reiiable information, the PRI for 6-11 months oid infants was taken
a5 the same as for 1-3 year olds.

PRIf for adelescents are raised above those for adulis w reflect the increased
requitements for skeletal development. They are derived from a mean retention of
25 mg/d in girls and 300 mg/d in boys, assuming net absorption of 40% of dietary
calcium, again with 30% being added 1o cover individual variation.
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Pregnancy

There appears to be no spontanzous increase ih calcium consumption Dy preégnant
women. The physiological way of oblaining the calcium required for ferz]l growth
includes an increased effictency of dictary absorption and the mabilizatzon of caleiurs
from maternal bone 4. There szems to be no need to increass the diglary calcum
intzke during pregnancy.

Lactation

The calcium required in the milk is normally obtained from the spontanecus increase
of food intake by lactating woman. On the assumption of an absorption efficiency of
40%, pies an allowance for 28D, an extra $00 mg/d is proposed for lactating women.
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Summary
Adults myyd
Average Rerfuirement 550
Population Reference Intake T
Eowest Threshold Intake 40K}

Population Reference Intakes of other proups

Age Group PRI (mgid}

&1l m 4G0
-3y 40K
4-6y 450
1-10v 550

Males 11-1d y HELE
15-17 v 1000

Females 11-14 v 800
1517 y 800
Pregnancy GLY
Lactation 17
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20. Magnesium

Physiclogy

The acult male contains 20-28 g maghesium; 60-65 % of this is in the skeieton; only
about 1 % i3 in the extracetlular fluid, and is distributed similarly 1o calcium in the
plasma: the rest s -mtraceliutar whete its aciivity congentralion is tighly regolated .
Magnesium is essential for minerzlisation and skeletal development and for the
mainienance of the wansmambrane elactrical potentisls in nerves and muscle. It also
serves as a cofactor for the phosphoryiated punne nucleotides and hence ail refated
cnzyme activities. B is invalved in the structure and rephication of oucleic acids, and
the ribosomal hinding of mRMNA. Thus magnesiumm is vital for the reeutation of cellulas
metabolism and the synthesis of proteins,

Magnhesium is absorbed by 2 carricr-mediated mechanism and hy 2 nan-specific
diffusiona! process 2. Reported iatakes range from 132 1o 350 mg for women and 157
(o 595 mg for men with respestive means of 234 and 310 myg *; n the UK dietary
survey corresponding means of 237 mp (9.8 mmoi) and 323 mg {133 mmol) were
cecorded 4, At such intakes there is preat varigbiiity in the efficiency of absorption
and retention: average nei absosptons of 21 % and 27 % have becn reporied in men
and women respectively >, Absorption of taagnestum is adaptive; ai inakes in
excass of 2 gid the element is poorly absorbed. Phytate, caicium ghosphate and tong
chain triacylglycerols may impair the intestinal absorption of magnesinm but since
there is very Httle evidence of magnesivm deficiency arising from: the diet, there 18
very litle definitive information on factors influencing (ts Lioavailability. Systemic
mamoeosiasis of magnesium is achieved nrimanily threugh reaat encreticn; al low
dielary imakes there 18 increased absorplion and renal comservation of the elemen.

The endocring coniro) of magresium homoeosiasis and metzbolism s endersiood
poorly. The parathyroid hormore responds 10 acute changes in exwacelluiar {serum)
concenteations of magpesium in the same way as it does 1o alteraions in iomsed
calojure acuvity, thus, in response o a sudden drop in serum magnesium, the
production of parathyrotd hormone {nCreases. thereby enhancing beth the renat
conservaton of the element and its release from the skeletal pool 1.
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Defictency and excess

Current dietary indakes of magnesium are adequate but systemic MAZRESiEm
deficiency can result from other cenditions such 23 intestinal and pancreatic
malabsorption syndromes. the use of diuretic drugs and increased reguirements
ansing from rapid ussue synthesis, e.g. during recovery from malnuttition, for which
as an satraceliular cation the element is essentiaf.

Deficiency is manifesicd by altered metabolism of calcium, sodivm and potassium,
which 15 reflecied in sltered fenction of skeletal and cardiac muscle, muscle
weakness, and fis. Tetary may develop with a resistant kypocalcaemia arising from
reduced secretion of parathyrold hormone and end organ kyporesponsiveness.

Large intakes {e.g. 3-5 g of the elemznl) induce intestinal secretion and diarrhoea,
Since renal excrelion of excess magnestm is so efficient, such ingestions usually
hzve mimmal direct systemic effects, but sysiemic excess, such as may anse from
large intakes of magnesium salts by individuals with renal insufficiency or frem
yniravenous adminiSirailon. can cause central nervous system depression, with
musceiar paralysis and death %

Requirements

Adults

Magresium is ubiguitous in the diet; both piants and meats are good dietary
sources, Early balance studies suggesied that adult requiremenis may be as high as
700 mp/d ! but Imerpretation of these is difficult because of analytical difficulties and
ihe long 1ime needed o achieve equilibriom #. Additionaliy the improved efficiency,
¢n resinicled intakes, of both inlestinal absorption ¥ and increased renal conservation
of magnesivm make it difficolt in the absence of more definitive studies o propose
ary PRI with confidence, One study ¥ has suggested that normpal adults can achieve
pisitive balance on 3 mpfkp/d over a 6-9 day peried. Evaluation of the varnance of
such halance data suggfesls that intakes of 3.4 mg'ke would be associawed reliably
with a net balance *!. Acwal reguirements may well be below this: and. in the
absence of better physiological data wub which 1o establish reliable reference
mtakes, an accepiable range of inlakes of 15G-500 mg /¢ is proposed on the basis of
observed intakes.

This range of intakes wili also cover pregnancy and lactation.
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Children

The difficultias in proposing z reliable PRI for adelts arc more pronouncéd in children,
for whom data are even mase scarce, [f nowever some guidance is required, rough
estimates can be made by calculating average requirements for groups on the hasis
of body weights, Factors can be nsed ranging frem 7 mg'ke hody weightfd at 6-11
months (Slightiy higher than the intake from breast milk at 6 menths) W0 4.2 mefg
body weight/d at 15-17 years (slightiy higher than the 3.4 mpfkefd which appears
adequare for adults). An exira 30% is added to allow {or jndividual variations in
growth, ‘The quasi - PRIs thus calculated are (mgfd): 6-11 months. 80; 1-3 years, 85
4.6 years, 12(; 7-10 years. 200: 11-14 years, 280; 15-17 vears, 300, These guesses
choutd be treated with czution. The amounts would cerainly be adequate, and it is
hightv Bkely that they are over-generons, but the datz are too sparse Lo suppurt good
eslimates.

Summary

Acceptable Range of Intakes for Adults: 150-50K mg/d.
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21. Phosphorus

Physiology

Retween 80 and 85 % (600-900 g) of phospharus exists as phosphaie in the galcium
salt hydroxyapatite in the skeleton. The residue is in soft tissves as phosphate,
mainly as a component of proteins, phospholipids and nucleic acids, 5-20 mmal (0.2-
0.6 g} is present intraceliularly in a large vanety of phosphorylated compounds (e.g.
adenosine triphosphate (ATP), guanasing wiphosphate, etc) which are necded for
metabolic enargy transfer and slorage processes, enzyme activation and control.
Furthermore via the interconversior of HPC,? and B,PQ," phosphorus contribules
ta exmracellular and intracelhelar acid-base regulation.

Absorption occurs throughont the gui. AL least £0 % of dietary phasphorus 13
sbsorbed: at leas: one carrier-mediated process and diffusional composen: s
involved, The former mechanism is sumulated by cajcitriol. Within the intestinal
lumen complexes of phosphorus with minerais and amming acids may limit 11s uptake
by the gat mucosa. Flasma inorganic phosphate concentration ts nowmally 0.8-1.4
mmol/L. Homaeestasis 1§ achieved by urinary excretion, and there 5 a prompt
increase of urinary phosphate in response © increased dictary imake !

Deficiency and excess

Hypophosphataemia with intracellular depletion of phosphate is associaied with
muscle weakness and atiered tissve oxygen lension, perhaps aniging fram defzciive
synthesis of ATP and impaired delivery of Oxypen 10 fissues as 2 COnsequente of
depletion of red c&¥l 23-diphosphogiycerate content. Prolonged moderate
nypophosphataemia Jzads o osteomatacia. Excessive dietary intake is rare because
renal excretion ts efficient. In diseases prolorged hyperphosphataemia can resuit o
abnormal calcification of soft ussues and aculs hyperphosphataemia increases
calcium binding and can precipitate features of hypocaleaemia including tetany.
Although adults can tglerate varying Ca-F ratios in (heir diets withouwt gross
distarbances of their metabolism of calciom, infanis cannet. A CaF molar ratio of 0.9-
1.7 in diets for infanis is considered safe. '
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Requirements

It is supgested that phosphorus intakes should correspond on 2 molar basis with
those for calciom and rounded values are propased accordingly.

Summary

Adulls mg/d
Average Regquirement 400
Population Reference Intake 350
Lowest Threshold Intake 300
Population Reference Intakes af other groups
Age Group PRI {mg/d)
611 m 300
13y 30
4-Gy 350
710y 450
Males i1-14 ¥ Ti%
15-17y 775
Females 11-14 ¥ 625
15-17 ¥ 625
Pregnancy 350
Lactation 950
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22. Sodium

Physielogy -2

Sodium is the principal cation 10 extracelielar Auid. [t physiological roles include the
tzaintenance of (3) extracellular flwid volume (ECF), which is related closety to tora)
body sodium content, (i} ¢xtracellular fluid oncotic pressure, (i} acid base balance,
v} cleetrophysiological phengmana in muscle, neuromuscular and merve impuise
transmission, and (v) generation of transmembrane pradients essential {or the
energy-dependent carrier-mediated uptake of nutrients and substrates by cells,
including hepatoeyes and those in the intestinal mucosa and renal tubules.

A typical adult male has 2 total hody sodtem of 4 mel (92 g): of this (L5 mo) (11,5 g}
1510 the intracellular fluid at an activity concesiration of 2 mmel/L (46 mp/L), and 1.5
mol (345 p) is segueswered in bone. About 2 mol {46 g) is in the ECF at a
cencentration of 135-145 mmelL {3.1-3.3 2/,

MNet intastingl absorplion of sodiom occurs in the distal small intastine and colaon: its
concentralion in the ECF is maintained by the kidneys. Daily 25 mal {575 ¢) sodivm
enters the glomerular filirate; since daily dietary intakes (say 50150 mmel; 1.15-
3.45 g) tepresent onty 0.2-0.8 % of this amoun:. almost all of this Hihered sedium
must be reabsorbed 10 maintain sodinm homoeostasis.

Renal sodium reabsorpuion is highly efficient and adaptable, Repulation of the sodium
contant of the ECE s ¢lasely related (o the syslemic contol of the ECF volume, If
the body sodium burden 15 increased. water is alsp reqained and ECF volume
increases: conversety, if the bedy sodium burden falls the ECF volume decreascs.
The overal] regulation of these changes is unclear -, Changes in ECF volume are
delecied by sensors of pressure and distension which are tocared i the cardiac aa
and right ventricle, the pulmonary vascelatere, the carotid artenes and the aortic
arch. From these sensors afferemt nerve pathways end in the meduila and
hypothalarmas, When ECF or blood volume falls reention is stimulated, sympathetic
nervous acttvily increases, stimuedating the rerves supplyine the afferent renal
artencles 1o mduce vasoconsiricuon and thercby producing a rediswibution of renal
biood Row whick, by reducing glomerolar {i%ranon, increzses sodiem and water
Terenion.

Addutionally. sympatkenic nervous stimulation of the jeataglomerular apparatus
tnergases prodection of renin. Thiz in turn Jeads w ap ipergasc in circulating
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angiolensia I1, adrenal meduliary secretion of noradrenaline and adrenaline, and
pituitary release of adrenocorticetrophin {ACTH) and antidivretic hormone (ADH),
ACTH and anpiotensin 11 induce adrenal cortical secrcien of aldosterone and other
mineralocorticoids which stimulate sodium retention and potassivm ioss by the
kidneys and the diswl howel. Increased secretion of antidivretic honmone promoies
sodium reabsorplion from the renal dista) tubules and prohably the colon.

Renal sodium exerction is inereased by f{actors which include specific natrivretie
hormone, and vasodilators, parathyroid hormone, prostaglanding and kimns. The
adull kidney can regulate sodinm excreton at between 0.5 and 10 % of its filtzred
lcad. Under normal circumstances virteally all dietary sodium is absorbed and daily
urinary less maiches this amount closely afier allowance is made for that which may
be lest in sweat.

Deficiency and excess

The role of higher sodium inzakes in the pathogenesis of hyperiension has generaied
much interest >#3-878 Howewver other {actors, such as low inwakes of pomssium
(see chapter 23), liule physical actvity. menkal stress, alcohol coasumplion,
smoking snd high bedy mass index, are coatribatory to the development of
hyperiension *5, Indeed obssity is associated with as increased sensilivity to
sodivm-induced hypenension ®. It has been suggestad that absence of these adverss
factors, rather than lower sodium intakes aione, is respansible for the lower blood
pressures observed in economcally less developed communiues compared with
those seen in developed sorieties. Nevertheless, after ailowance is made for such
confounders, a telationsaip stll exists between unnary sodium excretion (assumen
10 be a marker of intake) and increasing blood pressure with age ®. A recent meta-
analysis of studies of the relationship between sodivm iniake and blood pressurc
strongly implies that the cawsal asscciation has been andcrestimated *7. When
published epidemiological studies and clinical trials in economically advanced and
non-advanced populations were analysed separately to minimise the 50C10-£COROMEC
variables mentioned, there was apparent for both 1ypes of community, and amongst
sndividuals within such communities, ap association between sedium ntake, and
increasing systolic and diastolic blood pressures. This retationship was continuous,
i o there was no threshoid of sodium intake below which the effect did not exist: it
affecied all ape groups and it increased progressively with age. This reanalysis then
anplicd the regression equations of blood pressure apainst sodium inlake derived
from the initial pooled study to caleulate for each age group the potenuat fails in
blood pressure which would result from reductions in sodium intakes . Since the
major source of sodium in the diet 15 salt these predictions were compared with
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observed falls ir blaod pressuse ansing from intervention inials of reductions of salt
intake on blood pressure, For wials lasting five weeks or longer the predicted and
observed reductions malched closely. Fram ihis it was deduced that dietary sal
reduction would have an aspreciable effect on redvcing moriality from ischaemic
heart discase and sirake .

Requirements

Adults

The delerminaticn of a meaningful PRI and Averzge Requirement for spdium intake
is difficut and a rance of ntakes is propesed for adults.

Healthy adults maintain a sodiam balance en intakes as fow as 3-20 mmol/d (69-460
meg/d), and some healthy populations have customary dully intakes of less than 40
mmo) (920 mg). possibly ever as low as 10 mmaiid {230 mefd) >*° The jauier intake
requires maximal adaptation (0 conserve sodium: 1o allow for changes in physical
activity and climate it is theveght prudent o set a lower jntake at 25 mmol/d (375

mg/d).

O the hasis of current evidence inttakes in ¢xcess of 200 mmol (4.6 2} sedium datly
would be aszocizted with a significant risk of gh blood pressure. cspecially in older
peaple 878 ideally intakes should be lowsr than ihis (o redace or prevenl
hyperiension and the attendant risk of cardiovascular and cerebrovascular disease in
the pepulation in general. O the basis of the recent anabyses, It is proposed that an
apper lirmt of (50 mmoi/d (3.5 p/d) be sed

Children

The evidenge is insufficient 16 give any recommendaiicns for children.
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Surnary

Adults:
Acceptable Range of Intakes 5T5-3500 mag/d

(25-150 mmal/d)
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23, Potassium

Phvsiology

Potassium is predominantly an intracellular cation. This compartmentalisalion is
mazintained by the encrgy-dependent cellular uptake of the element and simualtancous
excretion of sodium by the cell membrane bound erzyme Na-K ATPase. This
process is fundamental to the cellular uptake of molecules apainst elecwochersical
and concentration gradients, to the electro-physiology of nerves and nuscle, and to
acid-base regulation ©+3.

An adult male contains approximalely 40-50 mmol (1.6-2 glkg body weight, o
which basis a 75 kg aduli would contain 3000-3750 mmol {117-147 g} potassim. Al
least 95 % of this is intracellular at zn aciivity coneeniration of 156 mmol {5.9 g)/L.
the remainder is in the ECFE ar a concentration of 3.5-5.5 mmaol {137-215 mgy/L. The
letal body potassium rteflects lean lssee mass and consequeptly varies with
musculanty.

The svstemic homoeostasis of polassium 12 understond imperfecly. Qver 90 % of
dierary potassium is absorbed in the proximal smail intestine, possibly by a
combination of diffusional mechanisms and solvent drag. The body content is
regulated by the reaal glomerular filtration and tubuiar szeretion bui up e 10 % of the
daily logs of potassiwm can oecur viz the distal ileum and colom; addinonally 2 small
amount is lasi in sweat. The glomerular filtration of potassium is approximately 3 %
of that for sodivm. and smounts to only about 680 mmol {26.5 gi/d; howeves. renal
tubular secretion of the element. which is reguiated predominantly by aldosterons
and otker mineraloconicoids, 18 highly efficient and the kidney is able o excrete
patassium considerably in excess of fis filtered lead. As long as renal funcuon 1%
normal, on habitual dietary intakes it is slmost impossible to induce petassium
exeags. An additional but usuaily less impertant regulation of ECF and plasraa
polassium excess is achieved by the capacity of cells induced by plucese and insulin
it 1ake up the elementl

Defictency and excess

Powssium deficiency arising from inadequate distary intake is unhkely Decause af
the ubiguity of potassium ia 2li foodstuffs. Potassium deficiency aliers the
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electrophysiological phenomena of cell membranes, This causes weskness of
skeletal muscles and the =ffect on cardiac muscle is refiect=d by elecirocardiographic
changes characteristic of impaired pelarisation, which may lead to arthythmia and
cardiac arrest. Simialar functional chanpes in iniestinal muscle cause intestinal ilews,
Menal depression and confusion can aiso develop.

The reported intzkes of polassium by Wesiern populadens are 40-150 mmed (1.65-9
e¥d %, An inverse comelalion exisis belween increased biood pressure and wnnary
pelassium excretion or urinary Na'K excretion ratios 9. An adeguate potsssium
tntake 13 needed 1o achieve elfective homoeosiasis of sodivm. Young normotensive
men on a petassium intake of 10 mmol/d (3590 mg/d) were less able w excrele an
imposed sodium excess than when they had a potassivm intake of 50 mmol (3.5
g)fd ¥ simultaneousty their blood pressure increased. In the Intersalt study urinary
poiassium excretion, an assumed indicator of potassiem intake, was nepatively
related to blood pressure as was the urinary Na:K concenuation rato *, Increasing
potassium intakes to levels achizvabic with customary dicts i 65 and 100 mmeol/d
{25 and 3.0 g/ddi reduced blood pressure in normoeensive and hypertensive
individuals and increased urinary sodium loss *7. This effect of potassium on binod
pressure is supporled by a recent meta-znatysis of published reposts ¥, [t has been
calculated that an irerease in potassium intakes from 60 to 80 mmolid {2.3 o 3.1 pfd}
couid induce a fall of & mmHg systolic Dlood pressure and dhat this could possibly
achieve a 25 % reduction in deaths refated w0 hypertension ®.

Requirements

Adults

Renal and faccal losscs each amount 10 2bout 10 mmol (330 mg)/d and thers are ajsc
intepumesntal losses. However, an intake of 40 mmol/d (1.6 g/d} 15 needed 0 avond
low pilasma potassigm concentraiens and loss of total body potassium ? and on this
hasis a ipwer intake of 40 mmol/d (1.6 o/d) is suggested.

An Average Requirement is not set, On the basis of the evidence cied earler, a PRI
of 80 mmolfd (3.1 g/}, which would also cover pregnancy and lactation, is proposed.

This intake could be reliably achieved by an appropniae wmtake of vegetahles. frunt
and derved juices, rather than hy the vse of potassiom salts as substitutes [or
sodium chlonde !9 because such measvres if pursued indiscriminarcly could result in
imakes ai which woxicity might develop in individuals with undetected renat
insufficiency and abnormal retention of pozssium. {ntakes above 430 mmol [17.5g)/d
induce symplomatic hyperkalaemia in some otherwise normal individieals and can
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thus be used a5 a threshold for zestwe roxictty, bet such intakes are highly gnlikely o
arise from usual diets. However, for chromc intakes, intakes above 130 mmol {5.9
2)d could be dangercus for individuals with undetected renal dysfuncton 0.
Additiprally, since there is no apparent benefit of excecding an imake of 130 mmol
(5.9 p)fd, 1his is proposed as an upper safe level of intake.

Children

The basal {osses of childrer are not known refizbiv. Urninary excretion has boen
reported as 0.7-2.3 mmol {27-90 mgy/d. The amount needzd for growih and lean
ussuc synihesis has been taken as 50 mmol {2 g¥kg. With these and other factors
e albow for faecal losses (which are higher in childrent and for integamenial losses,
PRIs for ages up to 17 were esumaied factonially.
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Summary
Adults mgfd manol'd
Population Reference Intake 3100 80
L.owest Threshold Intake 1400 40

Popularion Reference fntakes of other groups

Age Group mg/d mmolid

6-11'm ALY 20

1.3y ROO 20

46y 1100 28

-0y 2000 50

Males 1i-14 y 3190 50
15-17 3100 80

Females  1i-14y ENLY Y,
15-17y 3300 &0

Pregnancy 3108 B

Lacteugn 3100 ] B
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24, Chloride

Physiology

Chloride 15 the major extracellutar and intracetlelar counter anion to sodivm z2nd
petassiem; 70 % 13 in the BECF, and the remzinder 35 in the intracellular space,
connectve tissve and bane U2, Towl body chlorde in adubt men is abow 33 mmol
{1.2 g} kg body weight. Plasma chionde is maintained at 95-107 mmol/L (3.4-3.8
gfL.); 118 concentration aa aneecstinial fhuid s slightly higher, whereas the intracailular
concentranion of chloride has besn varyingty reported between 4 znd 25 mmol/L.
{Ckloride is absorbed passively in the proximal smali intesiine, where it follows the
elecirochemical gradient created by transport of the major caticmic elecirolytes.
Intestinal secretien of chioride occurs proximally but the anion is conserved distally
by uptake in exchange for Mcarbonate. Dietary chioride deficiency has been
¢escobed enly once, in healithy infanis who were fed an infant formula whick,
accidentally, provided less than 2 mmol/L *, 1t has beer sugpested that chloride may
interact with sadium in inducing hypertension #=,

Requirements

Daily chioride inwake is derived nnocipally from sodivm chloride. Since the dietary
mtake and sysicmic metzboiism of chlonde mawh closely, znd are dependent on
sodivm. it 15 suggested that en the absence of more deflinttive information ihe
requirernents of chlonde should mateh those for sodmm.
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25. Iron

Physiology and metabolism

Iron 15 present in 2ll celis in the body and has several viwl functions: as a carrier of
oxygen Lo the tisspes from the Jungs, in electron transport in cels znd as an imegral
part of important enzymes.

The main part (>63%) of the kron in the body is present n the red celis as
hagmopglebin, In averape adult men and women, apprcaching 3 mg and 2 mg iron
respectively is in the form of haemoglobin. Myogiobhin, the oxyger resérve in muscie,
amounts to zbowi 10% of the body iren. Irgn 1s the funclionai portion of the
cyiochromes, essential for hamessing the eneroy of metabolized foodsteffs, and i is
present in enzymes whick play other key roiss, for example. as signal-controlling
FUDSIARCES, 10 SOME Neurctransmittor systems in the brain such as the deopamine
and serotonin systems. The ammount of iron in cytochromes and enzymes is smalt,

The body has three unique mechanisms for maintaining iron batance and preventing
iran deficiakcy and iron overload.

1. Swrage of jron. Fermitin is a protein adapted for the reversible storage of iron.
Iron siores are especially important for women 10 meetl the excessive won
demands in the last trimester ¢f pregnancy. The amount of stcred iron is
about S00-700 mg in 25-30 year oid men. In women the amouns are much
less, In most European countries at least 20-30% of women in the fertile ages
have no mon stores 2t all,

2. Reuonlization of wron. Iron is not lost from the body with unine or faeces hut
only with lesses of cells, including blzeding. Iron is required 1o cover such
losses and to suppiy the body with the needs for prowth, including pregnancy.

3. Regulation of iron absorption. The body tries (o maintain iron balance not by
repulating the lesses of iron bol by controlling  the absorption of dictary 1ron.
This control 15 rot perfect but still of great imporiance for the prevention of
iron deficiency and cxeess b
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Deficiency

When iess iron is absorbed than is needed to cover iren losses and demands for
growth and pregnancy, body iror stores. if presemt, are first depleted. When the
stores are exhausted the supply of iron to vartoos tissues is compromised. [ron
deficiency can thus be defined as a stale with an absence of iron stores, This siate
can be recogmized clinically by the absence of stainable reticular iren in bone-mamow
smears or more conveniently by a bow serum ferritin {e.z. €15 gfL} The msefficient
supply of iton 1o ussues depresses erythropoiesis. The haemoghobin level is reduced
and at a certain point {alls below the lower normal himit of the population. This 1s tha
rather arbitrary definition of rron-deficiency anaemia.

During the depletion of iron stores the absorpuon of iron increasss, but if fosses are
high this compensatory mechenism may not be sufficient 1o guarantce an adeguate
delivery of iran for the formation of haemoglobin and enzymas.

A nurber of adverss effects of iron deficiency are known in man . L was observed
by cardy investigators that iron deficiency impaired physical endurance and work
capacity, In recemt vears other functonal defects have been demonsirated, such as
disturbances in normai thammoregulation and impairment of certan key sweps in the
immune response. Great imerest today s focused on the relationship betwezn mild
iron deficiency and vadous brain {unctions, such as jearning. lron 18 present in key
enzymes in several neurciransmittor systems in the brain, for example, the
dopamine and serowonin systems. Oaly 10% of the iron contert of the brain is present
at birth, 50% at the age of 10 and it comtinues 10 increase up to the ape of 30.30
vears. Studies in both children and asimals strongly sugeest that some of the brain
sympioms are ot reversibie by iron weaiment, evan though ali other signs of iron
deficiancy disappear. Emphasis should therefore be pul on prevention rather than on
treatment of iron deficiency 2+%.

Iron deficiency is probably the mosi frequent deficiency disorder in the world and the
main temaining nutritional defictency in Eutope. In Ewropgan countrigs the
prevalence of iron deficiency as indicaied by absence of sron stores i especially high
in menstruagng women and teenagers {about 20-30%). The prevalance of detectabie
anaemia due to iron deficlency 15 however much lower in these groups {around 2-
&%)
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Fxcess

The very effective regulation of iron absorotion prevents overload of the ussues by
iron from a normal diet, except in individvals with ganetic defects as in diopathic
haemochromatosis,

Side effects of iron supplements

All iron compounds used therapeuticaliy have side effects. The most disturbing side
effects {enipastric pain, navséa and diarrhoca) are dosze relaied and more severe if
tablets are not taken with food. Other side effects such as constipation gccur i1 some
sublects but arg independent of dose. Effecis may be seen in aduolis waih doses as
tow as 30 mge of elemental iron bu mest subjects tolerate well single doses of 100
mg.

Acute accidental iron intoxication is mainly seen m children who have mistaker iren
wablets for sweews, The lowest known lethal dose in infants 13 630 mg ferrous iron.

Physiological requirements (absorbed reqguirements)

Iron is needed o cover the basai losses of iron in cells shed from the body, o eeplace

that jost by menstruation and (o provide the amounts required for growth, including
DHEZNANCY.

The basg] iron josses with cells irom the exterior and interior surfaces of the body
amaunt o 14 gp'ke body weight/d ang are thus little over I mg/d in an average man
and about 0.9 mg/d in an zverage woman @ (see Table 25.1). The evidence suppesis
that these losses may have an interndividual variation of 15% (coelhcoienr of
variation}. Sweal iron Tosses amownt & only about 23 pg ren per litze of sweal and
are thus sc smazll that they can be disregarded B,

Adult men and postmenopausal women

In healthy adolt men and postmenopansal women, recommendations are denved
from the basz] iran losses. Far an average adull marn, the mean basal iosses can be
takes as 1.05 mefd. The mean + 28D would be 1.37 mg. which can be reunded off 10
give 1.4 mpfd. For an average postmencpausal woman, the corresponding figures
wili be 0.87 mg/d 2né 1.1 mefd (Table 25,1}
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Menstruafing women

For women in the fernile age period the tron required 10 cover lesses from
menstruation has 1o be added. Menstrual iron losses vary markedly belween
women bul are very constaml in an individual woman, The magnitude of the
menstrual iosses 15 strongly genetically conatrolled and studies made in different
countries report very similar figures for average menstruzal losses when related 1o
body stze. An extersive study on mensirual blood lesses in women 2t different ages
was made in Sweden 7 (before contraceptive methods known 1o markedly influence
the mersirnal blood losses were introduced). The observed blood losses were
rransformed to ron losses by “multipiving”™ them by the distmbusion of the
haemaoglebin values in healshy women with optimal values, This is done by a
mathematisal-statisigat process of convolution, The total iron reguirernents and their
variation in menstreating women are then obtained by "adding” basal iron losses anc
their variatign to the observed wvariation in meosirval icon losses by & funher
convolulion sep.

By this means the values in Tahle 251 were calculzted. Table 25.2 shows ihe
percentage of a population of mersiruatiny women whose requirements are satisfied
hy various amouants af absorbed jron 9, The 9hh and 95th centile vaiues of total
ahsorbed iron requirements are 2.37 and 2.94 myg respecuvely.

Pregnancy and lactation

Pregnant women need irona (o replace the basal 1ron losses during pregnancy (abouk
240 ma}, ‘o provide for the fetus and placenia (about 330 mg), and for the expansion
of the red cell mass of the mother {about 250 mg} In 01l these reguirements have
been estimated as .040 mg 'l The average Mood less at delivery comesponds 10
230 mg iron. About 200 mg of the iron used for the expansion of the red cell mass is
thus retained by the mother e her scon stores at delivery,

In the first trimester the iron requirement of the fetes is negligible. The totai iron
regarrerments of :he mother are thos himued 1o the basal ivon losses, aboat 0.9 mgfd.
In the iatter half of pregnancy 1fon requirdments increase conttauously and
considerably, especially in the third trimester when the daily ron requrements reach
the range 8-10 ma/d. Tron absorption is redeced in the {1rst tnmester but increases
during (he tawer half of pregnancy. In this peried the iron recairements, however, are
so great that, in spite of the increase n absompiion, even on a diet with a pood
bioavaiiability theve will be a deficit of about 400-500 mg wwon. The physialogical
sclutinn for covenng the high jton requirements tn pregnancy is 0 use 1ron from
stores, The problem. however, is that very {ew women. if any. bave iron siorss of
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this magnuwde, Therefore, daily iron supplemznrts are recommended in the latter half
of pregnancy 7. Since diet alone cannot caver the iron reguirements in MHOST WOMER,
in their recent repont ' FAG/WHO refrained from giving a velue for a recommended
dietary intake during pregnancy.

Brezst mitk contains 0.§5-0.3 mg ironfd. As menstruation is usually absert during
lactation the todal iron reguirements in a lactating woman are considerably less than
I an average non-prégrant, menstraaling women,

Adolescent giris

Menstrual iron iosses in legnage girls are about the same as in adult women 12
Thus in menstruating teenage pisls the requirements for growth and 1heir vafaton
hiave (0 be added to the reguirements of a2doll menstruaiing wornen, This addidon
has alsa 10 be made using the same mathemztical convolution process. There 15 a
marked vanauon in growth rate in girls. The coefficient of vagation of the change tn
body weizght in the ape ranpe 13-16 vears is about = 19%. In the present cajcadations,
the figares 0.36 + 0.054 mg (mean + SD} have been used as the dajly amount of iron
needed for growth '*. This camesponds to the situation in 15-16 vear old girls. In
yOounger legnagers the growth cequirements are higher (> 0.5 ma/d) but basal losses
are then shghily lower, Moreover, some of the younger teenage girls have not
started fo menstruare, The growth figures wsed are bazed gn a longiiudinai study on
the development of children ' and an caleuiztions of iron requiremenis for growth in
the recent FAQOWHO report '3,

Table 25.2 shows the percentages of teenape pirls wheose needs are saiisfied by
various amounts of absorbed iron ‘7 The 90th and 95th centile values for these sirls
are 1,54 and 3.10 mpfd respectively,

Adofescent bays

Buring the age period 12 1o 16 years boys gain an average of 5.5 kgfvear ', At the
peak year of their growth spunt the average weight gaie is about 10 kg, At about the
same 1iMe, in Teiponse 1o sexual maatesation, thair haemoglobin concentration
increases bewween 5-10 p/L per year. The 95th perceniile value for total iron
requirgmenis may thus be considersbliy higher at the peak growih rate than the valve
given in Table 25.1. It should also be noied in Table 25.1 that the median iron
requirement in adolescent maies is as high as in adull menstroating worer.
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Children

{ron resuirements in term infants are neghigible for the first 4-6 manths of life since
there is a physiclogical redisuributicn of iron from the targe red cell mass at birth to
siores. This €xcess iron covers the needs for growth including expansion of the Blood
votume during this period. In the foilowing months, however, the requirements are
very considerabie and amount to about 0.7 mg/d dunng the remaining part of the first
year. This figure is very high in relation to body weight and energy intake.

The bicavailability of iron in weanirg foods consumed dunng the zze pernod 6-12 m s
usually lower than that of iron in the adull diel because of an ofter high conent of
inhibitors of iron absorption such as milk and phytate i infant cereals and z low
content of enhancers of iron absorpion such as meat and ascorbic acid. The figars
giver: for bioavailability ia Tabie 25.1 (10%) may thus have a considerable vanation.
Moreover the hioavailability of iton nsed 1o forufy mnfant foods is usually unkrown.

As shown in table 25.% iron reguirements are high in children especially in reladon to
thetr usual energy requirements and ir pefeds of rapid growth. It is thus imporant
that the bipavailable nuirient density for iron 17 is high in the diets of ¢hildren.

Dietary iron requiremernts

Two main factors need 1o be considered ia the translation of absorbed
{physiological} iron requirements into dielary iton requirements: body iron stalus
and soempasiton of the diet.

fron status and iron gbsorption

The sbsorption of iron from the diet is mfluenced by the sron statos of e bedy: the
greater the body's need For iron, the higher the percenmtage of a given dose 12kzn
up 6. How this regulation mechanism works 1§ wrknewn, but it is located in the
intestinal mucosal cell. There is however 2n vpper limit to this adaptation.

Dietary iron reguiremends musl therefore be given for a cernain iron sistus. and the
calculations made here are based on the bivavailahulity of dictary iFon at e
barderline between nomnaiity and iron deficiency. The valves given represent the
amounts of tren needsd to be absorbed to prevent an tnsufficient supply 10 bssuzs in
the body, including the erythion, Le. to mainiain optimal haefmaoglobin values, but nod
irON SICTES,
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Factors influencing dietary iron ahsorption

There are two kinds of iron in the dict with different atsorption mechanisms: haem
and non-hasm irpn 7. Haem iron in meat and meat products amounts o zbout 1-2
mg/d in mest EC countries and about 25% of hasm iron present in meat 15 absorbed,
This sbsorption 15 almost independent of meal composition and iron status.

MNon-haem iron (in brezd and othgr cereal products, vepetables anrd froits)
constitutes about 90% of the diewary iror tniake. The dictary absorpiion of non-haem
iron, however, i3 very dapendent on iron stztus and the balaince betwesn several
gietary factors infiuencing absorption. Some substznees enhance the absorpuon of
non-haem iron (e g ascorbic acid, mea:, fish) and oihers inhibil it {e.g. phytaie,
calcium and iron-binding phenolic compeunds). Thers is thus a2 marked vanation in
the abscrption of iron from differens meals depending on the meal composition.

Bicavailability of dietary iron

The biozvailability of iron from the diet as a whale n2eds 10 be known 1o arder to
translaie ahsorbed rom requirements into dictary requirements. Direct information s
fimited as long-term chemical balance siucies on different diets would be reguired.
Indirecily, however, it is possible 10 estimate the bioavailabiliny of iron w the whole
diet using resulis obtained in dofferene siedies,

In a recent paper attemnpis wers made using indirect methods (o estumale he
bicavailahility of dietary iron in USA and differeml countries in Ewrope . The
calculauons were made for irpn-replete subjects with no iron steres. The estimated
upper imit was ghowt 15% of the tniake of gvailable iron and the Gigures were very
simitar an all siudies after correcnions were made for unavaiiabie frachons of
fortificaticn iron ‘% This figure may represent "an average European diet” - rather
varied, and comtaining meat, fsh. oread, vegetables, fruits, ewc. Dhets with a very
high meal inake {>Z50 g/d) may have a slightly highar bioawvailability. possibly
amountung 0 7%, whersas dieis with hole red mear (<50 pfid} and linile fron aad
vagetabies with meals, or having a high phytaie contert due 1o a high consumption of
cergal fibee (wholemeal bread, crispbread) may have a lower hicavailability, possibly
down to 10% or evaen less. The bisavaizbilisy of iron in some vegetarian diets with &
iow content of ascorbic acid is thus probably much fower (5-10%). 1 is important to
be aware of the mulitude of facwors influencing the bioavailabulity of 1von and thae
there may be sepments of most populations having diets with a rather poor
bioavailzpility. On the othar hard, {or the Eurepean populatien at large, the errar wil
not be great tf a single fipure of 15% is selected 2s a basis for the calceialions of
dietary requirements from the physiological requirements.
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The present figure for bioavailability of iren from the whole diet {15%) shouid be
considered as the upper horderlice value associated with maintenance of health (1.8,
absence of iron stores but normal haemogelobin values), Correction should be made
for dietary fortification iron that is enly partially seluble in the paserpintesunal tract.
For example, only about 159 of reduced iron, often used for fortification ef flour, is
potendaily available '®. it can then be estimated that 15% of this fraction will Hnally
be absosbed.

Values proposed

The values siven in Table 251 are the intakes needed w0 cover the requirements of
953% of the vanous population groups, based or 3 bicavailability of 15%,

Menstruzting women, both adults and teenapers, have a very skewed digtribution of
their iron requirsments, A PRI hased oa the 95th cemile would be unreasistically high
for the preat majonity of women, so Takle 251 pives the reguirements of the 204y and
95th cenli'es of mensiruaiing women.

Table 25.2 gives the physiological requirements arng diciary rakes needed W cover
centiles of the pepulation of measruating women from the lth 1o the 95th,

Straiegies to improve iron ruirition

Modification of dietary composition

Iron notrition car be improved by varous modificaiions of the det. A Righer iniake of
foods enhancing iron absorpiier or 2 lower intake of foods inhibiting absorplion (seg
gaclier] will increase the kieavalsbility of the dietary iron,

An increased intake of fean mea! will not only provide more well-zbsorbed haem ron
but 2is0 enhance the abserpiion of non-haem iron. The later can 2lse be achieved by
increasing the intake of ascorbic acid-vich foods, especially if the asual inwake of
ascorhic acid 15 low.

Iron supplementation

The iron balance situation for most women 1§ critical during pregnancy. With Lhe
present (vpe of diet and present low-energy Tife-style about 500 mg iron would be
needed in iron stargs of moethers o cover ron requirginents dering pregnancy. Ahoul
25-30% have no iron siores, the averape store is about 1530 mg; less than 5% reach
an amount of 400 mg and none the coitical amouni of 300 mg. This 15 the backgraund
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for the FAQOMWHQ recommendation '3 that alf pregnant women should be given iron
supplements during the later half of pregnancy,

Iron foriification

The marked skewness of the distribution of iron reguirements in menstrualiag
women implies that a considersble fracuon of them are al risk of develeping ivon
deficiency, Personal assessment of individval mensirual Josses is unreliable and
women with physiological bul heavy losses usuatly consider themselves as oene
healihy and their losses as narmal. They would not seek medical sdvice znd thus
cannot be simply reached and given irgn supplementation. lron fortification is then a
measure that must be seriovsly considered, especialiy as the life seyie of many
individuals reselts tn their having low energy nesds. and thus reduced food
consumplion, resuling in a lowered ircn intzke.
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26. Zinc

Physiology

Zinc is ubiguitous in the body, It has rssential structural, regulsiory or catalyhic
roles in many enzymes 7. addinonally a maintaing the configuration of 2 number of
non-enzymic proieing such as pre-secretory granules of insulin, yome mammaban
gene iranscription proleins 3. and thymulin: it faciliates hormone and receptor
hinding at membrane and nuclear levels, and it may maintain integnty of
hiomembranes. Conseguently zinc participales in gene expression and in the
mechanisms and control of majer metabolic pathways involving proteins,
carbohydrates, nucleic acids and Lipids.

An adult human contains about 2 g zine of which 60 % and 30 5% are In skeletz)
muscle and bone respectively. and 4-6 % is present in skin ©% Zinc turnover in these
Gssues is stow and these depots do not provide a reliable searce of zinc at umes of
deprivation. Since ziac 3§ essennds for the syrthesis of Jean tissug, it is winlst this 15
oecurring that it may become a limiting nuiient. Although some zinc may be
available in short erm zine deprivation from a mobne hepatic pool it 15 gencrally
scsumead that the bedy has no specific zine reserve and i dependent on & reguzar
distary supply of the element .

Zinc iz absorbed throughout the intestine. Proximal intestinal absomrtion 5 efficient,
but since it has a large enteropancreatic ¢irculation. nat intestinal ahsorpdon of the
metal is achieved by the distal small intesiine, Relairvely smail amounts of zine are
lost ig the wrine. Homoeostasis at low ard customary iniakes is achieved by
adjusiments in pet iniestinal apsorpiicn and to A lesser exient by renal
consesvation &% With inzppraprately high zine intakes the sysiemic burden of the
element is limited by 15 sequesirelion in the enteracyie by a cysteine-rich protein,
metallothionein %, The amaound of zinc lost in desquarszated skin and shed hair and in
sweat varies with preceding intakes,

Deficiency and excess

The classie feateres of severe zine deficiency comprise the tetrad of reurapsychiatne
disturbances. acrodermativs and alopecia, diarrhoea, and incraassd suscepubility (o
infectians as a mamifcstation of defective immune mechanisms {in particular cell-
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mediated immunity}. These features by and tarpe represent the dependence on zinc
of tissues with a high turmover 28, However, there is curremly an increasing inlerest
in the ofturrence in some children in Wesiern communities, as wel! as in the Middie
£ast, of 2 mild zinc deficiency syndrome manifest 2s zinc-responsive growth
retardation

Gross acute zinc toxicilty has been described foliowing the drinking of waiecr which
has been stored in palvanised contziners or the wse of such water for renal dialysis.
Symptoms include nausea, vomiting, fever and are apparent afier acute inpestion of 2
g or more of the element 2. Of more peneral concern ars the effects of supra-
physiological intakes of zinc, Proionped intakes of 75-300 mp/d have been associated
with impaired copper utilisation, producing features such as microcytic anaemia and
neutropesnia, but even shoint term atakes of about 530 mg zine daly inerfere with the
melabolism of both iron and copper ¥, Tt is not known if long-term adapuation of the
metzbolism of these metals would compensate for such inwerections with zinc,
however it wounld be unwisz to exceed a daly zine intake of 30 mg in aduis,

Requirements

Adults

‘The assessment of zinc requirements in adulis kas been based on factonal analvsas
using measurements of basal lasses during perods of extended deprivation, he
turnover of radio-labeiled endogencus zine pocls, and inference {rom observalions in
patients receiving total parenteral nutriiian, MNone is ideal but all indicate that
svsiernie supplics of 2.3 me/d are adequate o avoid distuebed metabolism of other
nutnents, and to support optimem mitrggen and carbohydrate meabolism.

In studies of humanr volunieers adaped o very jow daily intakes of z2inc (£.2-0.3
mg/c), faseal and unnary loss of the etement falls 1o 1.4 and 0.9 me/d in men and
wOomen tespectively; it is probable that integumental {principaliy dermal? loss would
fali similarly ** Allowing for losses of zing In semen and menstruation, it has been
estimaled 1hat basal lesses are aroend 2.2 and 163 mgfd ir men and women
respectively M Absomptive efficiency varies with intake 3%, at the levels being
considered here, a vatue of 30% can be assumed, piving Average Requirements of
7.3 and 5.4 mg/d which can be reunded to 7.5 and 5.5 mpg/d, Assuming a normal
pepuiation distnbutan, Populanon Refersnce Imizkes of 9.5 and 7 mefd can be
derived wath Lowest Threesnold Imiakes at 5 and 4 mp/d for men and women
respactively.



152

Repoms of the Scientific Commities foy Fond: 3150 series

In Teality teguirsments may be Jower: in adull males zint balance can be maintainzd
on iniakes of 5.5 mp/d but. since on a prolonged intake of 3.4 mg/d negatve halances
ensue, ihe above fipures would seem prudent and practiczl on the basis of present
gvidetce,

Children

Better information not beipg availabie, requircments have been calculated
facrasally 14,

Ta children &-11 m, sverage faccal, sweat and urirary losses are €stimated 1o amour
1o about 0.1 mg/kg body weighvd, and a growth mmerement has been based on a lean
ssie zine content of 30 me/kg. Absorption of dielary zinc is taken as 30%, giving an
averape requirement, and 30% is added for individual varation to pive the PRL

For children from 1 vear of age onwards, sir:lar calculztions have been made,
interpolating values for basal losses belween thest for adelis and infanis, plus
increments for growih, assuming 30% absoipion, The velues given ard probabiy on
the generous si1de.

FPregnancy

The extez zine accumulated during the last timester amouants to about 0.8 mg 3 1tis
possible that there is more sifictznt absorptior, but even sa it raight be thought rthat
here would be a need for a raised diary intake in late pregnancy. In readity this
appears not 10 be so; pregnant women do pot increase their customary intake, and
there i no benefit from zinc supplements 14 Healthy women seem to be abls 10
adap: metabolically 1o vansfer an adequatt amaunt of zing 10 the fetus. o addingnal
recomnesdation 18 therefore made for pregnancy.

Laciation

T1 j5 possible that the absorpiicn of dietary 2ine may increase during lactation, bui
there is o good evidence that it does, An extra dielary intaks of § mgid is proposed
10 cover te amount of zinc produced in the milk.



Mutrition. Chapser I Zige 1i-11-1392

123

Summoary
{mg/d)
Adults Males Females
Average Requirement 7.5 55
fopulation Reference Intake 9.5 ?
Lowest Threshold Intake 5 4
Population Reference Intakes of other groups (mgid)
Age Groap FRI1

f-11m 4

13w 4

4-6y ]

T-10y 7
Meales 11-14 ¥ 3

15-17 v 9
Females 11-14 y g

P5-17 y 7

Preepnzncy 7

L actation 12
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27. Copper

Physiology

The two axidation states of copper enable it to paricipate in electron-transferang
{oxidase} enzyme acuvities such as cytochrome oxidase. Cu/Za superoxade
dismutase, thinlexidase. and amine oxidases/ monaphenol MOROOXYgEmases, €.g.
DOPA oxidase and Jysyl oxidase, Thus it is essential for cellular energy metzbolism,
the production of connecuive tissug and synthests of ncurcactive peptides
(calecholamines and enkephaling) M52,

The 1ozl body copper in adults is 50-120 mg of which approximaiely 15 %, 10 % and
40 % are located in liver, brain and muscle respectivedy, In plasma (copper content
10-25 pmol/L) 90-95 & of copper is bound to czeruloplasmin, the remainder is bound
1e albuinin, iranscuprein and fres amine acids,

The precise fupcuion of cacraloplasmin is unknown. It may participatz in the
peripheral distribution of copper as may transcuprein and free amino acids.
Additonally caeruloplasmin has numerou$ Oxidase zetvinies, substrates for which
include biogenic amines. adrenaline, serowanin, ascorbate. and sulphydry] groups, and
its oxidation of Fa(il) to Fe{ll} and Mn(ll) to Mn{lll) may be essential for the
binding of these metats to wansferon. It may alsq serve as 2 plasma free radicai
Scavenglr,

Intestina) optzke and wansfer of copper oceur predomingnt]y in the small intestine,
where. 25 with other mrace metals, it is probably presented to the mucosa bound o
low raolecuiar weight Jigands, Intestinal absorpiive efficiencies of beiween 35 and
TO% have been reporied.

Systemic homoeostasis of copper 18 achieved by adjustment of billary excretion: 0.5-
i.5 me of the element is Jost by this rovle daily. Intestinal adapiation aiso
contributes and with high copper intakes an intestinal block of copper absarption

mediated by metallothionain may oceur 4,

Deficiency and excess

The fealurcs of severe copper deficiency ¢an be related 1o loss of specific
CUProenzyme activilies 5 The wypical syndroms of copper deficiency has peourred th
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preterm infants, in nommal term infanis who have been inappropriately fed on
unmadified eow mitk, in children recovering (rom malnutrigion and in aduls and
children receiving parenteral nutnition. Featwes of copper deficiency in infants and
young children include newtropenia, leucopenia and skeletal abnormaiities, and
increased susceptibility to respiratory and other infections 8. Anacmia may develop if
deficiency is prolonged and severe,

The gecurtence of dietary copper deficiency in adults is far less well documented,
Some svslematic studies of copper deprivation have excited imterest that low
:ntakes may contribute to cardiovascular disesses *-3. These defects include imnpaired
cardiac function and dysrhythmias perhaps secondary 1o defective metabaolism of
catecholzmines and enkephalins *; such defects and the contribution of "sub-optimal®
copper inake 1o atherogenesis need further metabolic evaluation,

Copper toxicity arises from delibarase ingestion of copper salts, or accidentally from
contamination of drinks. In acute toxicity the gastrointasting] tract is affected.
variable degrees of intravescular haemolysis, heptocellular necrosis and renal
1sbular failure result and death may ensue 12,

With chronic ¢xposurs copper accumulates in the liver and 1oxicity is insidigus.
Eventuzily hepatic necrosis or cirrhosis with liver fatlure develops. Some infants and
young children, a7 ieast. are vulnerable to high intakes arising from the use of copper
containers and conduits ¥

Copper tzken as copper sulphate induces navsea at intzkes of 10 mg and intakes
above this are increasingly smetic ', However when consumed with fonds the
efement :§ betier tolerated and it has been sugpested that intakes of 10 w 35 me/d
couid be tolerated. These suppestions, however, have not been verfied and for the
moment an upper himit of 10 mg/d 15 propased.

Requirements

There are linuted data on which human copper requirements can be based. A review
of poblished balance stwdies suggesis that balances can be achieved al intzkes
atgund 1.2 mg copper daily {CF Mills, personal communicalion). Copper-responsive
clinjcai and biochemical defects have beer seen in sdulls on expesimen:al intakes of
0.7-1.0 mgfd for four weeks or more. However it is possible that some of these
abnermalities may have arisen from ihe nature of the experimental diets 7, and
another stedy using more customary, although sl experimental, diets found oo
dewenoraton of curreat indices of copper supply in men on intakes of 0.79 mp/d for 42
days ' This seggests that (M8 mg Ca/d s an adeguaic imtake although actual



15%

Reports of the Seientific Coguniliee for Foad: 31 gries

requizements may be lower. For example, for adults on parenieral putntion 0.3 mg/d
is adequate 13; at an absorbability of 50 % this coutd correspond (o a dietary intake of
0.6 me/d. Such evidence suggests that an Average Requirement of 0.8 mg/d could be
sot with a LTI of 0.6 mg/d and, with an allowance for possible storage regquircmertis,
a PRI of 1.1 mg/d. Distary intakes arc reneraily 1.0-1.5 mg daily.

Children

Requirements for infamts 6-11 months have been czleulated on the basis of a tssue
content of 1,38 pgfg 1%, and an adiustment 1o allow for a possible lass of endogenous
copper 4. An absorption ¢f 50% is assumed. 10 give a PRI of 36 pefkg/d. PRIs were
caleulated from the interpolated values of 30 pgfkp/d at i-6 years, 24 upfkeid at 7-10
vears, and 18 pgike/d at 15-17 years,

Pregnancy

The estimeted reqoirements for the produets of conception are 0.033, G.063 and (.1438
mefd for the first, secend and third trimesters respechvely % [t is considered that
these can probably be met Dy metaboiic adjustment by the mother, 50 1o increment
is proposed for preghancy.

Lactation

If 750 mi milk is produced with a copper content af $.22 mg/L 16 and abscrption 1s
509, an increase of 0.33 mg/d would be required in Lhe dier io support lactalion,
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Summary
Adults mgfd
Average Reguirement 0.8
Popolation Reference Intake 1.1
Lowest Threshold Intake .6

Papulation Reference Intakes of other proups

Age Group PRI (mp/d}
G-11m {.3
1-3 % 4
4-6y 0.6
110y 0.7
Males 11-14 ¥ 0.8
1517y 10
Females 11-14 ¢ 0.&
15-17 v 1.0
Pregnancy 1.1
Lactation 1.4
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28. Selenium

Physiology

The total body content of selenium (3-30 mg) varies according o the geochemical
environment and dietary intakes. Seleninm is an integral part of the enzyme
plutathione peroxidase (GSHpx), onc of the mechanisms whereby inteaceilular
structutes are protected against oxidative damage '. Less than 2 % of seleniom in
plasma exists as glotathicane peroxidase. Most is associated with a- and $-
globulins, and with glycoproteins amongst which one, selenoprotean P, may be
mvalved specifically with selenivm transport :

Selenivm deficisney (in animal models) has been associated wilh defecrive
microsomal oxidation of xenobigtics and rat hepatic micrasamal type 1 iodothyronine
§-dejodinase i5 a selenc-enzyme %, Other szlenoprotcing have been isolated from
mammalian nssues. One may be esseatizl for nermal morphology of mammalian
sperm - bul the toles of the others have not y2r been identified. Addinoaally celiclar
immune functions are distarbed by seleninm deficiency 5.

elenium is present in foeds mainly as selenomethionine and selenocysteine.

Selencamine acids are probably zbsorbed by energy-dependent and sodivm co-
ransport mechanisms similar 1o their sulpbur analogues. Although the
bioavailability of inorganic selenium is less than that of organic forms, this is
probably of little practical significance because all usual dietary forms are absorbed
guite efficiendly .

The pool of selenomethionine in protein is subject to factars influgncing metnonine
metabolism, anpd its constituent selenivm is not necessanly available for seienium-
dependent processes, For example, when methionine intake is Imting,
selenomeathionine is incorporated into methionine siies even if there 15 4 concomitant
selenium deficiency. However if the meshicnine supply is adequate, selesium
released [rom degraded selenomethionine is available 10 the active selenium pool.
The biologically active pool of seleniumn depends on selenocysieine, which can be
svnthesised endogenonsly.

Homeeaostasis of organic selenium 15 achieved by adaptations in urinary excretion,
and 1o 2 lesser extent intestinal absorpiion. Systemically seienoamino acids can be
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depraded 1o yield aminc acid residues and selentte. Bacess selenium s succassively
redueed (o methylat=d and other derivatives, which are excreted in the unne.

Deficiency and excess

In man the maoss stoking selenium-responsive syndrome 35 that of Keshan disease, a
seleninm-responsive cardiomyopathy which affects predominantly children,
adolescents and young women in China. Other faciors probably contnbute o the
pathopenesis of Keshan disease, but related cardiomyopatbies have begn observed
in patients on total parerteral nutrition. Less severe deficiencies, involving skeleial
myopathy with increased plasma creatine kinase activites, macrocylosis and
lightening of skin and hair pigmentation, have been documented. An increased
degres of haemolytic sensitivity of red cells in virro o peroxide, as evidence of
sigmificantly reduced GSHpx activity, tnay be the only deeciable feature.

Al excessive intakes of setentum a volatie dimethylated compound [(CH; 3}, Se} is
formed, which when lost via expired ar 2ives a characterisue paslic odour. Dietary
intakes of 3.2-6.7 mpfd cause sovere sclenosis, encompassing an erythermaious.
bullpus dermatitis, dvstrophic nails, alepecia and neurological abnormalities
invoiving parasthesia, paralysis and hemigiegia 3.

Requirements

Adulrs

Customary adult daily intakes of seleniurn vary between 20 and 330 ng/d. In China
dictary intakes range from 11-5000 pgfd, a1 which extremes deficiency and woxicity
Sy ndromes occur.,

In New Zealand ard Finland habitual intakes of 15-40 pg/d have not been assonated
with selenium-responrsive disease although whole blood GSHpx activity was below
its possible peak activity, which accurs with whole blood seferium concentrations
about 100 pg/L 7. In China populations with intakes of selenium of less than 12 pg/d
expericnce Keshan disease, and those with intakes of 19 ug or more do not *19 If
zllowance is made for the smaller size of individuals in China. 20 pafd can be
proposed as the European LTT ', Studies based on ihe saturaiion of GSHpx activity
suggest that an Averzge Requirement would be about 40 ng/d ' which would give a
PRI of 55 pg/d.
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Disturbed metabolism of selenium occurs at intzkes above 750 |igfd and early
features of nail dystrophy have been described al intakes of 00 rg/d 2. Since the
intake beyond which there i5 no discernible bencht is much lower than his, it is
suggestad that the maximum safe intake (rom &l scurces should be 430 up/d.

Children

No extensive ivestigations have been made on selenivm requirements in children.
Blood concentrations at 1 vear of age arc about 80% of those of adulis, increase o
adult valees by 3 years, and then remain fairly constani 13 The FRIs have becn
calculated from adukt valves, cn the basis of body weight, and shoeid cover the
relatively much smatler requirements {or growth (0.2 ngfz weight gan},

Pregnancy and lactation

Adaptive changes in the metabolism of selenium occur during pregnancy ', so no
recoimmendation 1s mads for any extra increment.

Ta maintzin the selenium concentration in infants’ serum at about 70 ng/ml, a daly
inlaks from breast milk of about 8-10 nefm] is necessary ' In the zbsence of more
specific information, the exira requirement during Jactauon has been calevlated on
he basis of 60% absarption from the diet, and milk with a selenium canlent of 12
ngfmi, o give an increment of 13 ge.
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Summary
Adults ngfd
Average Requirement 44
Population Relerence Intake 55
L.owest Threshold Intake 20
Maximum safe intake 450

Populanon Reference Intakes of other groups

Age Group PRI iagfd)
G-1lim 8
1-3y 14
4.6y 15
T-10w 25
11-14y 5
15-17 v A5
Pregnancy 55
Laciation 70
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29. Yodine

Physiclogy |

ledine i1s a constiluent of thyroxine (T4) and tri-icdothyronine (T3). Adequate
circatating levels of these thyroid hormones are necessary for optimum cetlular
metabalism, normat growth and development,

Both ingrganic and orpanic jodine are absorbed eff:ciently by the small intestine.
Extracellatar finid contains 10-15 jg sodide/l.. The total size of the iodide pool is
approximately 250-350 pg, bat s precis2 mass vanes wiih 1odide intake, which, in
the absenca of specific dictary 07 exogenous supplementation, comesponds closely o
tha amouni of element emenng the toecal food chain from the immediate geochernical
environment. Thas populations living on heavtly leached soils. which are often, bui
not exclusively, mountainous areas are at particular risk of sub-optimal icdine
intakes. Plasma morganic iodide is loosely bound to protein, It is ¢leareg principaliy
by the thyreid and kidneys ber other tissues such as the gastrointestinal mocosa,
mammary and salivary plands, and ovaries ¢an also concentraie the element.

Over 75 % of the 19-20 mg iedine present ta the nommal adelt is found ia the thyroid
sland. lodide is taken vp into the thyroid actively by a sodiem-depandent carder-
mediated pathway which is stimulaied &y thyroid stinulating hormoene. The icdide ts
then rapidly oxidised by thyroperoxidase, and ‘organified’ by icdinauon of tyrosyt
resigues in thyroglobulin. Pairs of the resultant iodotyrosines link 10 form
iodathyronines. The major excrewcry route of 1edide is via the wring, and daily urnary
excretion of the element is ofien used a5 a convenient index of intake. Goilrogenic
cvanaplucosides in brassicas, Cassava, maize, $weel polatpes, lima beans and
bamboo shooks interfere with the organification of indide by the thyroid 2,

Decreased circulatory levels of T3 lzad 10 2 loss of the inhibilory feed back on the
release of hyvpothalamic thyrorephin releasing hormone, the increased secretion of
which increases the secrenwton of pitvitary thyroid stimulating hormone, which
stimutates the upiake of jodide by the gland and can lead o thyroid hyperplasia ard
goilre.
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Deficiency and excess

Iodine Deficiency Diseases (IDD) may be widespread in Evrope 4, The spectrum of
IDD? is extznsive and subtle. as are their impacl ok sccio-economic development &4,

Maternal iedine deficiency causes infertitity. iacreased ircidence of abonions and
stiltbirths. increased perinatal and neonatel mertality, congenital abnormalities
incloding nenrological and myxcedematovs cretinism, and, Jess obviously, degreas of
psychomoior resardation evident in fater childhood rzsulting from imravierine iodine
deficiency. In older childeen and adults IDD include impaired mental funcucn,
hvpothyroidism with goitre and growth retardation.

Hich iodine intakes cause toxic ncdular goitre and hyperthyreidism. Such toxicity is
rare in normal popalations or individuals with an intake of less than 5 mg/d but those
with pre-existent iodine deficiency may be suscepiible to deveioping toxic noduedar
aoitre, hyvperthyrotdism, and thvroid cancer al 1ntakes below this *, and transient
hyperthyroidism has been abserved in previously deficient individuals on intakes of
150.200 agfd ¥ The incidence of such complicaians dirminishes with ame as the
overall jodine supply of the population is improved and the number of people
previgusly exposed 10 iedine deficicney diminishes. Intakes of 1-2 mp/d appear Lo be
safe ¥ but inlakes above 10 mpfd in the form of seaweed have been associaied with
an increased incidence of iodine goitre ©,

Reguirements

Adults

Most aduits can maintain jodine belance and rourmal thyreid funchion on intakes
between 40 and 100 ug iodinefd. A platean concentation of iodide in the thyrod
gland is schieved at an iodine ntake of 10K pp/d. and increasing intakes 1o 300 or 500
pg daily has no further effect on this or on reducing the incidence of goilre il An
Average Requirement of 100 g is proposed and a PRI of 130 pa/d. (A daily intake of
up to 200 ug is being advised by a current WHO initiative designed o eradicaie
iodine deficiency disorders). For the LTI 70 y:g/d is proposed. as an intake below
which thyroid adaptation may become inadequate with a risk of dysfunction or sub-
optimal aperagon ®7.12.
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Children

PRIs for younger age growps have been caiculated from adull values, on the basis of
energy reguirements.

Pregnancy and lactation

Provided the normal prepregnancy iodine intake is adequate, there IS o cvidence
that an increased dietary intake is needed during pregnancy, o ne increment i
recommended.

f actating women on a rormal plane of ioding nuirition produce joding in thewr rulk in
amrounts sore than sufficient foe the infani. 1n order to replace these losses. & PRI of
160 pgfd is suggested during lectation. The increase is based on the needs of the
infant rather than the amount acteatly produced in the milk,
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Summary
Adulls Hefd
Average Reguirement X)
Popuiation Reference Intake 130
Lowest Threshold Intake Y

Papulation Reference Intakes of other groups

Age Group PRI (pg/d)
6-11m 50
l- 3y 0
L-Gy 50
T-10y e,
11-14¥ 120
15-17 % iig
Fregnancy 130
Lactanon 160
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30. Manganese

Physiology

Mangenese 1s 4 component of arginase, pyruvate carbexylase and mitochondrial
superoxide dismutase, It participates atso in various hvdrolass, kinase,
decarhoxylase, and phosphotransferase acivities. The intestinal absorption of
manganese occurs throughout the Jength of the small intestine, Muocosal uptake
appears o be mediated by two types of mucosal binding, one which is saturable with
4 finite capacity and one which iz pon-saturzble, The efficiency of wmanganese
absorpiion in adulls is low {(appreximately 10 %) buot there 15 some evidence of
improvernent a1 Jow inlakes. High levels of dielary calcium, phasphorus, and phviate
impair the inl¢stinal uptake of the element but are probably of limied sipnificance
pecause as yel no well documentzd case of human manganese deficiency has been
reported,

Systemic homoeestasis of manganese is meaintained principally by hepato-biliary
excretion, Urinary manganese fzlls with reduced intzke and rises with increased
intaks, suggesting & role of the kidney !,

Deficiency and excess

Although it is difficult to characiense the precise biochemical mechanisms that have
failed. manganese-deprived animals displey numerous reprodecible phenomena.
These include growth retardation, impaired cartilage formation and defecrive
endochondnal osteogenesis in fetuses leading o impaired development of the
skeleton and otoliths {with resultant ztaxia): impaired giucose wlerance and instlin
secreion, reduced gluconepgenie response o glucagon and adrenaline;
hypocholesterolaemia; hepatic and renal accumuolation of lipids and ultra-structural
sboomalities in cellular and sub-cellular membranes snd convalsions 1.

Evidence of manganese deficiency in man is poor 2. Imerest in possible manganese
deprivaton in humans has been stimuelated by reports of manganese-responsive
carbohydrate intclerance, and reduced mangansse conceniration in the hair of some
mathers whose babies had econpenital abnormalities and in :he blood or hair of
children with skeletal abnormelities, astecporoesis. and non-iraumalic epilepsy.
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Men fed a fow manganese diet (10 pafd) developed an evapescent skin rash zad
hypocholesternlaemis: however ncither fsature responded uneguivetally o
manganese repletion >

Manganese toxicity of dielary origin has not been well ducomented. Minewaorkers in
Chile exposed to manganese ore dust developed. possibly as a result of inhalation
cather then ingestion, Manganic Madness' manifested by psychosis. haliucinations,
and extrapyramidal damage with features of Parkinsonism .

Reguirements

Manganese is particuiarly abundant in vegetable-based diets and beverages such as
wea and it would seem that curren: population intake is adequate ©. Mest intakes are
around 2-3 mgfd, but some reach 5.3 mp/d L2 No manganess-respopsive problems
were seet in young men on an intake of 0.1 mg © and 3 basal requirement of (.74 mg
daily has been derived from other balance studies 3. Thus the finding of some
negative balances on dictary intakes between 1.21 and 2.89 mgfd could represeat
homoeostasis 5. In the absence of more information an LTI of 0,75 mg daily could
perhaps be set, but it is considered preferable 0 give a safe and adegaate range of I-
i0metd.

Semmary

Acceptable Range of Intakes 1-10mgid
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31. Molvbdenum

Physiology

Molybdenum has several oxidation simes. The redox poteatal between Mof{V) and
Mo(VD 15 aporopiaie for eleciron exchanpe with flavinmoncnucleoudes and this is
gxploited biochemically in the activities of sulphite axidase. xanthing Oxidase and
sidehyde dehydropenase. for which molybdaie (Mo, ) linked with a pterin is a
cofactor. Inlestinal absorplion of dietary molybdenum is highiy efficiem
{approximatety 80 %), The element is meteboiised as an amion {molybdate) and
sysiemic homosostatic excretion 18 attained by renal exertlion “3

Molybdenum deficiency in man has occuored with prolonged parenteral feeding *. and
in 2 fatal auvtosomai recessive syndrome affecting infaals in whom the hepalic
synthesis of the melybdenun-pterin cofactor is probably defective © With hoth
cenditions the metabofism of sulphur aming acids and nucleoudes wag impaired, and
newrolopical and encephelopathies developed. The irborn error of melabelism
presents in neonalss: they have abnormal fagces, feeding difficulties, and severe
reurotogical and developmemal abnormalitiss leading o escephaloprihy and deadh.

Requirements

Molybdenum-respensive defects have been observed 1n adulis fed about S0pg
daily ¢ Reported dietary intakes in adulis are 44-460 ppfd in USA, 48-96 o/ in New
Zealand, 44.260 pefd in Sweden and mean intakes of 128 aad 120 wpfd in the United
Kingdom and Fintand respectively ', A reguirement cannol be established reliabfy,
and, in the absence of evidence to the conurary, current intakes appear 10 be
adequae and safe.
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32. Chromium

Physiclogy

The precise biclogical role of chromium has not been established M2 It is thought
that chromium facilitates the activity of insulin, possibly by optimising the number of
membrare insulin receptors or their imeraction with inguiin or both. It is repenied o
have been heneficizl in the management of both hyperzlycaemic and hypoplveaemic
responses (o glucose loads. However, ils use in the management of panents with
dizhetes metlius has produced inconsistent results and this has created scepucisim
abour the essentiziity of chromium *. The element may alsa have a role in the
metabolism of lipids and of nucleic acids. It has been suggested that some of these
cffects may arise from & non-spectiic effect on phosphoglucemutase 3

Chrominm ({1} absarption is low 81 0.5 10 2.8 % of distary intake. Organic chromium
is absorbed more efficienty but its bioavailability is fow since it s excreted rapidiy in
the unne,

Deficiency and excess

Chromium deficiancy has been reperied in adulis and in a child who had received
proionged parenteral nwirition. The feaiures involved an insulin-resistani
hyperglycaemia. zlevated serum lipids, weight Yoss. ataxia, peripheral newropathy.
and encephalopathy. The adult patients tesponded 1o intrzvenous chromium chionde
(CrCl4 ). but the response in the child was less conclasive a4

Trivalent chromium has 2 jow level of toxicily but hexavalent chromium Is more ORIC,

1n experimenial animals infakes of 30 pp/g diet cavse renal and hepauc necrosis and
srowlh retardstion.

Requirements

Since data on the sssemiality and metabolism of chromiom are o sparse the
Commitees is unzhiv (0 specily any reQuirements.
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33. Fluoride

Physiology

The essentality of fleoride is debatable but since epidemiciogical stucies have
demonsizated in childeen an inverse relavonship betwoen the incidence of dental
caries and their caiculaed intakes of fAuoride, the element has heen accepted as
neing beneficial to dental health 12 Both topical and systemic fiueride replace
hydroxyl moieties in epame! to form caicivm fluoroapalite, which 15 less seluble in
acid than is calcivm bydroxyapatite, thus increasing resistance to demneralisztion
and improving miceralisation. Addhiosaliy, flucride may have an antimicrobial effect
on cariogenic oral microfiora £, Nimaty-five perceni of sysiemic fluonide 13 i the
skelewon and teeih, The coaceniration in bore increases with agz and i has beca
sugpested, but mot proven conclusivety, that uoride may have 3 7ol o beth the
minerzhsaiion of hone and B mainerance of peak bone mass 1

Systemic homoeosiasis of fluoride is achieved by the kidneys *,

Deficiency and excess

Apart from an increased risk of susceptihility o dental caries, there are ne well
documented effects arising {fom jow inmakes of fluonide, On the other hand ficonde
excess (uoresis) is endemic in many parts of the world, An early feature of ihis 15
patchy demineraiisation (meitling) of the wooth emamel, more usuaily of the
permanent dentiiion, In terms of intake, this affecis popuiations with intakes
approximating 0.1 me/ke/d ¢. This probiem occars in 10 % of children in arees with &
water supply conwaining ! mg (50 mol) Huordefkg. Chronic exposure 10 high intakes
(10-25 meg/d, resuling for example from consuming waler supplies comaimng 5
meike) resulls in 2 sclerotic caleification of bones. ligamenis, terdons and
interosseous membranas. This mapifests as debifitaung musculo-skeletal
doformines which have been noled particalarly in India. East Africa, the Persian Gull
and China . However, the overall imake of Duoride, rather than the cancentration in
water is cructal in the pathogenesis of this syndrome and carty skeletal featres of
fluorosis have been detected in pepulaunns from and zones with walér supplies
containing less Lhan 15 mafkg.
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Requirements

There does not appear 10 be a specific physiolagicsl requiremen: for fluende and no
specic recommendations have been made. A¢uie toxicity and perheps death have
heen reported in adults exposed 10 inakes of 0.5 10 2.6 gid ©.
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34, Other minerals

Sulphur occurs extensively tbrougncout the body and althoueh a human deficiency
syndrome has not been demonstruled. there is no doubl ihal it 15 assential, The
sulphate anion is a component of protcagiycans (2.4, keratan salphate, chondrgiin
sulphate and dermatan sulphate) which are vital consliuents of the extracetivier
mawix | and it i 2 subsirate for the detoxification of various xenodiotics and their
excrelion as selphate coniugates ! The sulphate for these fencuens is denvec by the
endosencus oxidatian of the suiphur in the amino &cids methioning and ¢ysteimne.
Thus there daes nat appear 16 be any requirement for digtary sulphate.

Silicon may well be needed for ihe nermal development of the skelzston and
conpective ssue and there Goes appear to be a differential disinbuion of ihe
element in the hady, with high concemiradeons in the lungs. iendons, irachea and
sortz. Silica is absorbed paorly but silicic acid s tzken up will by the imestne.
However the sienificance of these obsesvations s urdersiood imperfecily. as are the
humen requirersents for sificon ™.

Some studies in amimal models suzgest that cadmiurm ¥ lithium °. fead ® and
nickel 7 may be essential, bot the current data are nes suffici=ntly conclusive 50
justify seuing any recommended intzkes, Similarly, ewidence supporiing the
esseniialily of arsenie, boron and vanadium has vel Lo be substantiated.
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35. Other substances sometimes considered
to be of nutritional importance

Certain nutrien:s are known to be diglary essentials for some higher ammals,
rotably choline, taurine, carniline and ingsilol,

T has peen sugeesied that newborn hemans may have insufficient biogymingiic

UL ¥ ¥
capaeily o prodece their foll requirement of carnitine. tauring and choline. Any
possibility of this is usuably allowed for in the make up of infant formulas.

There 15 no ‘ndication of any nesd for the compounds mentioned o be supplied in the
dier of healthy individuals above the age of $ix months.

Many specific growth factors are known 1o be reguired i celi or Ussue culures, e.g,
zhigrinone (coengyme (), Lipoic acid, nerve prowth facter, p-aminabenzdic acid.
There ¢ a0 nesd far them in haman dicis &8 they can be synikesized in the body In
WieQuals AmounLs.

Cheer the years thare have besn many reporis of benefits 10 be derived from the
consumption of a wide variety of organic compounds that can cocur in fogcstulbis, .
amygpdalin {laetrile}, pangamic acid. bicfiavoneds, chiorophyil, orotic acid. Ther2 is
ne persuasive evidence of any need for such compeunds an the diet



36. Values for nutrition labelling

The Commitice has also heen asked ic advise oa a se1 of nuinem vaiuves which
shouid be used for nuimucen labeiiing porposes, The nutrient conwent af a food could
then he expressed as 2 percentape of these values as teguired by the Council
Dirzctive S0/M96/CEE on nutiuon iabeiling. Having derived peneral recommenda-
tions on seientific grounds the Committee then had to decide on twe issues, namely
{1} the choice of the value {or nuthnion labe:shiag in uself, and i) whether different
values shoold be recommended for Siffergnt groups of the populanen,

Choice of a valune for nutrition labelling purpeses

The Committee recoprises that cheesing a value for nurrttion iabeiling purposes
involves more than sirictly scienufic consideranons: issues related o policy have 10
ke waken tnig 2ccount

This repart seis out a range oi teference vaives for each nutrient. and the Commines
needed 1o assess whetier oniy one &f these values should be uvsed consistently
ihrpughour the labelling process. The Commities alsc consicersd the merit of seting
an ennirely different single veive which in some way encompassed the necds of the
whole Eurapean popuolatgn with its varving natignal, age and sex sirncture. To
choose a single valve for labelling seemed sensible {rom g pracicazl pomnl of view,
and genera) consumer understanding was also 2a impertant ssuz, an which there is
sueprisingly lrivie informator. The consumers need some simpie, coherent,
understandable and meamingful eeference point. shoold they wash 1o chopse a Gt 10
mect their own perceived needs. Consumer arganisations and health educators
suppon umversai, unarnbigaces labeliing. Wih conunuing educanon and a2 suitable
labelling formal, an increasing proportion of the population s expecied 10 use
nuttition labelling in making cheices in foud purchasing,

Tt rmust be cemembered that the vaive for outrition iabeliing wili not be used by
profzssionals, diaticians or policy makers for assessing the adeguacy of the
populadon’s diet or by those respeasibie {or énsuring that speific populaion groups
{e 0. armed (orezs, schoolehildren taking schoel meals and those in haspitais, etc.]
receive an adeguille netrent sepply.
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Use

Nutrition lubelling may be of vse to the consumer in two respects: (1] providing
informatien which would enable consumers to compare different produzis; (13}
providing informaticn (¢ enable consumers 10 assess the usefulness of a food in the
overall diet and thus 1o compose a diet suitable for their individuat needs.

in the first case, the choice of reference value will not affect the comparison of
differemt products. Further, products can be compared on the basis of absoivte value
crhaps more effectively. However, it s recognised that there is confusion asout ihe
use of different units, e.e. pg. mg, 2 and nutrient equivalents. The vse of absoluie
snits alone would also fail to provide 2 perspective on the different quantitative
needs for the various nuirients. When consumers try 10 compose their diets on the
basis of products providing rutritional information zs a percentage cof a reference
value or when they iry 0 evaluate the contribution of such producis to their daily
ratdent intake :he teference value chosen for nutrition labelling acquires imponance.

The Commuies belizves that the proportion of the populauon using rutrition labell:ng
reference values o compose iheir daily diet is at present small, altsough the media
may use e values (o consizuct ‘model diews’. Labetling values are more likely 10 ba
used by the consumer as a puide 25 to which key foods muke important or useful
contributions to overall needs. Further, it is highly unlikely that diets will be
composed eatitely of labelled producis which are consurned as purchased.

of the PRI for nutrition labeliing

Traditionally, nutrient information has been presented on the label in relation to 2
recemmended daily amount which nsually corresponds to the PRI in this repart je.
peint ¢ on Figure 1.1 Many would advocate that ihis should conunue, If the
importance of a product as a contribulor 1o the daity intake of nLEtenis 15 to be
judged. the reference value for rutrition labelling should cever the needs of as great a
propastion of the popelztion as possible. On this view the reference value for
autrition lzbelling shouid be the PRI for adult men, except for i-on for which the PR
for adult women should be selected.

If consumers were striving to reach 100% of the PRI then an adeguale nutrient intake
for the vast mmajonty of the papulztion wouid be ensured. Supponters of the male PRI
15 the reference value recognise (hat this would jead o excess nuirient mnizke by 3
substantial propordon of the population. and that those unable 1o reach 3t would be
rempted o take dietary supplements. They feel hawever that this is acceptable and
preferable (0 the reverse situalion, i€, a proportion of the population possthiy net
cavering their neecs if a value lower than the PRE were chosen as the reference for
nutrition labeiling.
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Use

Further, this body of opinign belizves that opung for a high se1 of refererce values,
pa the male PRIS. will ulimatziy lead w an spward itend in food guality due to the
manufacturers' effors 10 enhance nutrient value, for exampie, through beuer
nrocessing. natrient restoration or fertificauon. There 15 a risk hawewer hat they
may do this anly to improve “label casmetics’. The poimary sim of reference values
for nutrition labeiling 15 not w serve as a reference to adjust the composition of
srecific foods but manufactorers may ose them in tha: way.

of the Average Requirement for nutrition labelling

An opposing opinion arpues that the use of a reference value as high as the adalt
male PRI 15 not appropoate {or newiaon labelling. Bt is more thar the needs of maost
men, and women end children are substaniially misled about their requirements. It
makes mast peoples’ digs appear inadeguate when they are nol. Degpite rapeated
clear statemenis that the PRI is a valve designed to meet very high individoai
requirements, the consumer, the media znd even some professionzis continue (o
conswder anvone eating kess o ke deficient.

The use of the adult maie PRI for food labeliing could lead w a fall in confidencs in
some radnicnal foods by making them appear 10 be of tow rorisonal value. In some
cases nutrtionpal information could not be piven, becavse sutrients would net be
present in amounls reaching 15% of 1he reference valpe per 100g, o condition for
abelling 1n the Community directive.

Thuas the use of the adult male PRI as the basis of nuriton 'abelling could mislzad
Consumers, cause (hem unnecessary anxicly, encourage ther to wy 1o cover their
needs from sources other than their neemal diet and resull moennecessary
forufication of fonds by manufaciuters.

An zllernative propasal i 10 u$e An averape vaive ie. point bin the Fig 11, which
should be of more use (0 consumers thar one taken from the end of the ranpe of
[CQUITEMmERIS.

It onky one value can be used for iabelling purposes, which should be chosen” An
overagli weighted average value cowid be caiculated for Berope. taking account of the
w2l pppuiation structure, [0 waould howsver be inappropriately low and lead (o
vnwarratled compiacency in adult men. A more suitabie averages value to chooss for
nutiition labelling would be 1the average requirement for adult men, except for iron, for
whichk the average reguirernent for aduli women would be selacted.
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Serviceability of the two proposed values

Table 36.1 gives data on selecled micrenoirient intakes by women in 1he BEC. The
jotakes by women have been shown because women do most of the shopping and
they aisc tend to be more inerested than men in nuirition. They are ikus more likely
‘0 resd and Lse RUITiUCs kabelling w0 design or evaluate their own and their family’s
aiets.

Tahle 36.2 shows (hat the averape EC female diet nermally cont2ing iegs ther the
male PRI of several vitaming and minerals, although it does pravide more than the
male AR, which is aiso ciose 1o the female PR1 So if nutition |zbelting 15 based ¢n
men’s PRI, and wornen use it 1o ¢btain a good diet (or more likely. the media trv 1@
design "healthy" digts or discuss normal people's inakes) they may find Thal it 1s
ditficult for themselves and thair children 1o each these ofbcial targets. Yel ithere is
ne evidence of thiamin or niboflavin deficiency in Earope, and liitle or none of
doficiencies in the other mutrients shown. with the exceptien of ron where heavy
menstrual 10sses czn conirbute to anaemiz. as outlined 1n chapter 23,

In wabls 36.3. the averane nuiritional value of a number of basic focds is compared
with ARs and PRIs. This table shows that a number of hasic fonds barely contain
§5% of the PRI per 100 g, but are imporiant 5Qurces for manst people because of the
amounts eaten. Althounh 1 is aot shown in this reble. heef, with &n average ron
coment of 2 mafl00 2. would provide per 10K g only 12 5% of the PRI for women, If
the PR! for women were used as the labeiling reference vabue, bes! ¢ould noi he
luhslied as a source of iron, even ihoogh 118 one of ine sk,

Conclusion

The Committes has explored a number of aptiens and has sought to idenify 2
strategy which would best mest (he aims sct oul in the Council Dhirective
00/4S6/CEE on nutrition labeliing,

The Committze accepted thay for practical purposes a single reference vaiue hed 1o
he c¢hosen. and racognized that the wse of any single reference value would
unavoidably give u powntiaily misleading mssage (0 soms of the population. The
Commines nimed 10 select the single value that would be of widest b2 =fit.

The censumer seems -0 undersiznd the emm “average erquirement” as impiying
varying individual needs, so the choiee of the word “average” for use on the label
may be mers appropaate in infcrmational werms Ihan the cusrealily vsed term of RDA.
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Inspeciion of 1he range of derived reference values shows thal the average nutrient
requirement of adult men is sufficientiy similor 1w the PRI of women o aliow a
rational approach {2 »e developad. The clear exception 15 iron, which 15 dealt with
below. The Committee therefore faveurs the use of the Average Requirement [or
tduit maies as the auiriion labeliing value, which would cover the peeds of the
majonty of the population, This sirategy therefore covers the PRI of most groups and
misleads the least number of consumers.

The chapler on ron saakes o clear thar ron needs vary remarkabiy within the
population because of the addiiional needs of women of reproduciive age. It is
diffieuin therefory 10 maintain the same rationale set out 2bove uanless a speciat
allowance s made for women who would be in real danger of deficiency if they simply
chose feods cotresponding o the male average requiremsnt of 7 mgfday. The
Communee therefore proposes that the iron content of foods shoald he given two
saballing reference veites. The average male requirsment ;s proposed, weether with
a fizute that meets Lhe needs of more ihze B80S of mensiruatine women. The two
values showld be wsad simuiiarccusty on the label, weether with an explznatory
asterisk. In the case of vivam:n I3, a value of 5 g s proposed for nutrition labeiling
purpases, bemg e midpoini of adult requitements. Table 36.4 shows the
Committze's proposed values for puintion fabetiing perposes.

Tha Cemmitee has ciscussed @ large number of nutrignts, many of them not
cumentiy permitted by Community begisiatien 10 be used in food labeliing. The
Committee doas not consider that atl the ruirents discussed in this reper: should
appear on fond labe's. Values can be derived only for shose nutrienss for which an
Avzrage Reguirement {or men s given {2part fiom iren), An exceplion 10 this is for
vitamin D, where no AR has been established, bot a lakelling value 15 recommendzd
necause of documsnmed deficizncies,

The Cemmiee considered its secammendanons i accordance with the Ceuncil
Directive 90/M96/CEE. which cails for the amount of nutrieat to be given per 10 g or
100 ml of feadsinff. The Comminee also gave some thought to the suggestion that
nutrition langlling should e in terms of the enerpy content rather than weight o1
volume, Neverthelest, as a method of nutrivon iabelling, it would not 5e so
servigeable for the consumer o whom i snformation is Sirected.

Spectal needs of infants and young children

The Commitiee 13 awoare that current Community fegislation provides for the
declaration of a single percentage vulve for the differem praducts. Thig appreach has
the very important merit ¢l praclicaiity and simplhweitv, The Commiitee would
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however like o point oui that this presents a praniem for products intended solely
for the nutaitional use of infants and young children, whase needs are very differert
from those of adults,

Since these foods are most uniikely o be eaten by other population groups. he
Committee js proposing an additional set of referance values whick couid serve for
the nutiten Jabeliina of foeds intendzd for the particuiar nuiritional use of infants and
young children. These are givea in table 36.5. They are based on the PRIs for
children aced berween 6 months and 3 vears, 1.¢. they should cover ihe neads of all
children under the age of 4.
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37. Summary of proposals

The main propesals of the Committee are summanized in three fables

Table 37.1 sives Averape Requirements, Popalation Reference Intakes and Lowest
Threshold Intakes {or aduils,

Table 37.2 gives for 2!l groups the Population Reference Intakes expressed in the
manner chosen by the Commitiee,

For those nuirients for which the recommendations are in terms of energy, proleir
intake or hody weight, Table 37.3 gives examples expressed in weight per day.

Table 37.1 Multiple values proposed for adulis

(Ameunis per day, unless given in other 1erms, If that for wamen :s different from
that for mea, 1T 18 2iven in parenthcses)

Nutrient Average Population Lowest Thresheld
Requirement Reference intake Intake

Prawein (gl 0otz brody wi 0.759%E bady wi 014500 bodyw we
Witarsion A (g SO0 (D0} O G A 2N
Thiamin {ig) T2l 1004 SO0
Ritoffavin (mg) 1.3 (1.1 16 (1.3} 0.6
Miacin {mp niacin i3 1.an0 IR0
eylivatents)
Witamin Bg f{up ] 13g protetn 15/ protein .
Folate {ugh 143 X0 5
Witzrmia Bra (pgd 1.0 14 0.5 ’

Vizmin O fng) i 45 2
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Nutrient Average Population Lowest Threshold
Requirement Reference Intake . Intake
Vilgmin E (mg 0.4ig PUEA" 4 (3pd regardiess of
ieloconborot sguvEIeE] BiFA inmkes
06 FUFA " {as percentage of 1 2 5
dietary energy )
n-3 BUFA" (as percensage of 0.2 .2 Gl
dictary energy)
Calziugm fnp) 550 T 400
Fhosphoame (me) 400 A5 ¥
Poaassium {mg) - 310 L
irom (g ERILN R 9160 88y 507,48
Zing {mz} 7.5 (5.4} G T 504
Cupper {mp) G5 1.1 L
Selenivm fug) ol k) X
lewline fpg) 0] 130 E
Far the following, acceptable ranges of intake are given
Pamotheme acid (mg) 3-12
Bioin () P5-100
Vitamin T3 (ug} -2
Sodium (g} 57535
Magnesium  (mg) 1A0- 500
Manpanese {me) 1-i{]
*

PUFA: Polyunsaiorated famy acids

2 Fostmencpausal women

n

PRI 1o conver *HIS: of women
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Table 37.2 Population Reference Intakes

Age group Prawin | a6 p-3 | Viteie [ Thipmin| Ribe- | MNiagin  [Vieamin [Folale |Vitanin ¥ilamin
peics A PUFA 2 A flavin By E s C
Kpfig bodyt  Soof Sof b ey lipg MY fmpfd) HengMi) ] (pgip [ipgAd) | paddy fmpfd)
weaght/ | dierary | dietary PRI
encrgv | energy
G-1]en 1.5 45 o= 350 1} 04 L& 1z 5 G ey
1- 3y Li k) ns 4] i & 1.5 15 1 07 pal
4-6 vy [, 2 5 5 10 1.0 1.6 15 33 9 2
7-10y 1.4 2 0.5 50 10 1.2 1.6 15 150 i £
Males
11-14 1.0 2 0.5 | o 14 1.5 15 IR0 1.3 K]
1517y 05 z sy TR i 15 1.6 5 A1) 14 a4
B+ 0.75 A 0 Ry 1M HiE) 16 15 00 id 45
Females
Li-ldy | 085 " 05 | &0 | o 12 L6 15 R ST
BTy .85 3 5 &1 1 1.3 1.5 15 bl 1.4 a0
e v | 078 2 05 60 100 13 1.6 15 |2oab | 14 45
Pregnancy| (.75 z 0.5 100 1 16 16 15 400 16 33
(=10 id)
Lncmarign 075 2 3.5 el i vy 16 (+2 5 i 1% kA
(+ 146 pid) myptd}

Paolyunssiurated fany acids.

~eprr]l (ehe defects have been shown o be prevented in offspring by periconcemual ingestion of 400 pwp folic
acid per dav in e form of supplements.
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Table 37.2 Population Reference Intakes (continued)

Age group | Calcun | Phosphorus] Potassiomi  Iron Zinc Copper | Seleniom Iodine
{mgd} yogfd) (meddh (mpfd) fmpdd) (ogid] {pgid} Crpfdd
&-1tm 404 EE] AL & 4 03 S '
13y £y 300 1% 4 4 04 i Ly
4. &y 50 L) 11710 4 & 0.6 o
Ty 350 43 2000 & T 33 ' 1
Muaies
11-14y HEY) Ti8 3150 10 9 0.a A 720
57y 000 75 1o 13 o 1.0 45 ]
18+ ¥ Ly a5} 3100 G 95 11 bk 133
Femsles
Thdy 8% 625 3100 e 5 G.§ 3 120
1B
15-1% y o 643 3100 N 7 1.0 &5 1
7a
Py 700 Sk 3 o= T 1.1 ] 130
16%*
g
Pregnancy 00 a8 300 wmh T 1.1 55 13
Lariation 1206 V; 3300 14 1z 1.4 ki 16l
= To cover 955 of populaticn
* Te cover 90% of populadan
**=  Ppsl-menepausal
.

Supplemen:s necessary
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Table 37.3 Daily intakes of those nutrients for which the reconunendations are

given in relation te body weight, energy or protein intakes ¢

Age proup Frotein 6 PLFAD | n-3PLFEAD Thiamin Nizacin Yitamin By
gl g} {e} (g} (g} (mg)
G-11m % 4 L a3 5 {4
1.3y 15 4 07 05 9 0.7
4- 6y x 4 1 (7 11 9
710y x 4 1 63 13 x
hfgles
P14y ] 5 ! 1.0 B 13
1517 y 55 5 i 5 12 o 1.5
18+v (PRI} 4 : 6 13 1] 18 1.5
fAR) | a5 3 04 EE 15 3
Females
11-14 % L) 4 i . i 1.1
15-17 ¥ 4 4 : e 14 1.y
iy PRI ¢ 4 4.5 1 Lo 14 (R
{AR} 7 R ns 06 1 10
Pregnancy 57 5€ L 14 i b3
Lactation [t 55 1 1.1 1% 1.4
4

b Polvunsaisrated Fatly Acids

-1

from 10 week af prognancy

4 Based on profein incremenis in pregnancy and lecialbion.

Foputation Reference Intakes (PRIY except where indicaied as Averape Requircmenis (AR,
sealsukated as mean group nizkes s PRI or AR)
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Table A.1  Eguations for predicting the average basal metabolic rate (BMER)
from bedy weight (W), expressed in kg, and for children and
adolescents, from body weight and height {H expressed in m}
{BMR expressed in M} per day]

Age In vears BMR BME
(from weipht) {from weight and height}
Males <3 (L2490 % - (313 (LT W + 635 H - 258
3-8 DO9SW + 211 D082 W +{155H+ 174
10-37 CO74W + 275 QOEE W+ 05T H + 216
i8-26 (064 W+ 284
3-8 0.0485 W + 3.67
&-74 00499 W + 253
=75 0035 W < 343
Females <3 0,244 W - 0,13 QOB W +428H-1.73
3-9 GOBS W+ 2.03 D071 W + 068 H + 1,55
F3-17 0056 W+ 2.90 DO3SW + 195 H +0.84
18-29 (0615 W - 2.08
30-5% 80364 W + 347
&0-74 D036 W s 288
> 75 00410 W + 2.61 |

These waluss zre aken from the WHO/FAG/UNU report an energy and préiein
requiremems b and Schofield erall £ except for ke data on the twa oider groups where
setected dawa, wken from Schofield er ol ? and vsed in the report, have been amplified by
new and roore extensive dula collecicd om Scotsh elderly men and from both elderly
men and women in faly.
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Table A.2 Estimated Energy Reguiremenis {MJ/d} for proups of men and

women al vartous ages, welghts and activity levels

Physical Activity Leve] { PAL)

Body BMR | 14 | 15 1.6 1.7 ].& 19 | 28 | 21 2.2
weight {kghi (MJ/d)
Men 1529 yr
& 8.7 93 00 pm7 Jna lin sy [asa fua |47
& 10 98 05 2z |ns e |33 |40 sz [ise
ey 73 02 | no jiT o J128 {132 39 flas (154 160
7 756 1007 [ ws |2z (130 {137 fiss sz |iweo foss
) £0 12 o 128 |13 | WA bis: bwse s s
Men 3G-59 yr
& 68 g2 94 106|112 |18 f12s F1nr |19 |14
& 6.2 63 102 |ws s w2 fs fias o |2 |14
gy e wo  J17 s [ frzs s ez |4 | 1ss
75 7.3 w2 [we |ue 124 fea fne s |1s: o |10
&} 16 0.4 11.4 122 129 117 1.4 13.2 164 6.7
Men &00.74 yr
& 49 £3 89 9 4 wo  we  Inz [ne |z4 lise
65 .1 B D3 O s 112 1R b2 d 130 138
% 6.4 9. 96 102 |iog {uns  fz lizy i13: {141
7% 5.1 54 191 (1057 |14 |1 |7 o dad e |47
20 69 67 s | uo |nT o fs fizr e pws |15z
Men 275 vr
4] 5.z T E.3 BB 04 38 LR L0 115 el
& 7 g0 2.6 %1 4.7 E w3 [og |14 o fazs
1 45 g3 |89 Lo 100 [ 68 (12 | nE lind | 130
¥ 6.1 £5 te2 9.5 104 [ oo | lie (122 |28 | 134
20 62 235 143 45 105 [ 12 [uE  izs o e | s
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feontinues Table A.2)

Physical Activity Level {PAL)

Body weight| BME 1.4 1.5 1.6 ] 1.8 L4 10 2.1 2.2
(kg) (MJid)

Women 18-23 w1
45 48 1% 3.2 T B2 87 92 a7 2 1635
5 51 32 1. B2 81 62 07 173 L5 1i.3
53 55 i B3 28 94 R 104 g il.6 1]
) 58 21 87 4.1 0% 14 1o Pl 121 127
a5 6.1 ] a1 o 163 108 1.5 12.1 127 13.3
Ly B Ef QL 102 05 11.5 123 128 134 140

Wormner 3055 vr
45 51 71 T N2 3 ul 63 1.2 167 n:
K 5.3 P74 £ 2.3 50 .5 103 HeX 11.1 1.7
55 a3 17 B3 ER D4 L9 105 A 11K R
1] 3 EQ L4 9.1 a1 10.3 108 11.4 1240 125
43 A8 51 g7 &3 a0 1G.4 .G 114 122 LE
LA | e4 a0 06 §2 15 11.4 1110 126 132

Waorrten G0- 74 wr
N 4.5 a4 65 T R B35 B3 a2 N 151
A0 48 67 12 7§ o832 36 a1 4k w1 | 108
55 A4 ¥ T4 a0 RA Q.0 8.5 i 105 (R0
&0 52 13 TR B3 bR G4 o 10,4 g it
i) ) 34 Ps] g1 B.GO g2 7 1.3 [JER il3 i
LU i TR 54 an 04 10.1 106 11.2 118 123

Wamen 275 ¥r

45 45 83 6.5 1.2 33 2.1 24 90 9.5 99

5 4.7 66 i 15 %) 53 89 9.4 %9 113
55 49 60 | 74 TR 83 88 9.3 oF: 103 | 104
£ 5. 71 27 8.2 §.3 931 g3 102 107 11.2
6 53 54 3.0 85 57 95 103 106 11 | 117

i 5% T B R g4 Ry 105 114 lta 21
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Table A3  Mean body weights (kg} of European children |
Ape Males Females Males &
Females
years months

1 40 <0 a0

i 6.0 35 &0

fi 20 15 13

o 2.0 8.5 o0

| G 100 ) 106

[ 4 11.5 170 ng
2 H 125 120 125
2 L] 140 130 135
3 0 150 144 145
3 13 155 150 15,4
4 & 175 170 1A
5 f 104 195 195
a 6 2.0 215 228
7 0 45 240 245
£ fa a0 30 230
it ] 00 05 0
£l f 330 n 335
1 4 e A 30
[ +] YR 430 4210
13 4] 474 4511 475
4 £ 3340 50,5 .5
15 & 280 325 355
[15] & 2.5 540 S0
i7 f & .5 fa 0.5

' Values, rounded 10 nearest 5 ke, obiained by pooling natioral data seis from laly,
Denmark, France, Spain, UK, The Netherlands, Garmany. Belrium and Greece.
weighted oo the basis of each couniry’s papulation at any given age. Luxembure,

Ireland. Partugal not included.
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Table A.4 Mean height (cm) of Eurepean children

Ape Males Females Males &
Females
Years months
- 1 530 513 530
- 3 0.0 3%.0 5.5
- & 673 3514 G55
- 4 FLI 00 70.5
i & 753 T, 750
1 £ 820 B A £l.5
2 G B35 860 BS.3
2 & Pt A Bl
3 0 5.0 Q50 Gh5
3 f L B0 983
4 A IR 1035 106 0
= & 1125 11,4 1324
i} & 1150 184 118.5
7 i 1245 1335 1240
3 6 L3035 12940 1295
9 fi 155.5 350 1350
HE & 1415 1405 1405
11 & 1453 146.5 14510
[ & 1505 IR ikl5
i ) 158.0 157.3 158.0
14 & 1560 160 5 W30
R} B 171.0 16240 1465
14 f 174.0 162.5 163.0
i7 8 1755 163.0 3 169.0

1 Yalues, rounded to nearest (.5 cm, obtained by pooling nauonal data sets from lialy,
Denmark, France. Spain, UK. The Netheriands. Germany. Belgium and Oreece,
weighied on the basis of each country's populaiion at apy given age. Luxemburg,
Treland, Portegal oot included.
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Table A.5 Estimated time use and energy cost of activities in older children and
adelescents gaged I0-17 years
Activity Energy Cost (as ratio of BMR)
Hours Bays {irls
aee vrs 10-13 | oage vrs 1417 | 2ge vre 10213 [ age ves 14-17 § spe vrs 10-13 1 zge vrs 14-17
Bed o 8 1.4 [,
Scnool 3 G Hi b5
Lighe ,: 58 7 L4 i.5
Maoderae : 3 5 P 1z
High | 0.3 0.3 60 518
Total _E_ Y| r. |
o ! 1. 68 1.38 1.5 1.50

Baosed on FAOQMHOMUNL values ¢
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