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1. Introduction

Mandate

To advise on the establishment of European Recommended Dietary Allowances for a
number of purposes, including nucrition labelling and Community programmes on
rescarch and nutritgon, and 10 make recommendations.

Policy of the Committee

Almaost zll countries of the European Community have independently convened
committees of expens o derive values for nutntional recommendations, These experts.
drawing from a common pool of dula, have used physiological and biochemical
knowledge o estimate nuirent requirements, In many cases the data are limited and the
eXperl commitiees have had 1 make decisions on the balance of evidence.

For most nutrienis the derived requirements arc fairly similar across the Community 1,
Not surprisingly, however, commitiees can assess the evidence from slightly divergent
viewpainis and avrive at different values for nutrient requirements. This can raise
problems for food manufacturers, food regulators and consumers. The Commilies set up
a warking group. representalive of various views on the interpretatian of the available
evidenee. to compile a set of recommendations that could be used peross the
Community for a vanely of purposes.

The wurking group consisted of 19 expents whe operawed in four sub-groups covering
{L} energy and prowein, {i1) water-soluble vitamins, (1ii) fat-soluble vilamins, and Liv)
minerals and trace clements, The sub-groups mel several times. and the full wirking
EIOUD ML 0N SCVEN OCCASIONS.

The Commattee debaed a1 length how to preseny their recommendations in the most
hetplut way. Their decisions are deseribed in the section helow an Recommendations
and Nomenclature. The Commisgtee drew on the experience of a number of cxpert
committers, of member countoes, of non-member countries 223, and of international
agencies Y They did not however, just Uy o harmonise CxISLng nalional repors of
menher states, bot seughl asead to consider the daw afresh, including the maost recent,
and somenmues sulb unpablished, work,
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Fig 1.1 The frequency distribution of individual requirements for a nutrient

Numhers of individuals
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Nutnent requirement

Paint b 1s the mean reguirement of the group. Point ¢ (mean + 2 S0 is the intake that will meet
the neads of nexrly all healthy people in 2 group. Point a (mean - 2 SD) is the intake helow
which nearly all individueals will he unable ¢ maimain metabolic ineprily according 1o the
o non chosen.

In this reporn. poimmt b owill he called the Average Requircement (AR Points © and a will
roughly correspad (o the Population Reference {ntake (PRI and the Lowest Threshold
Intake (LT respecnvely.
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Recommendations and nomenclature

Many countries in the world have produced quartitative dietary recommendalions
wnder 4 variety of names such as recommended daily amounts, recommended daily
allowances, recommended daily intakes, recommended dictary intakes and
recommended nutricnl intakes, among others. In this repont they will be referred 10
hy the generic term RDA,

A major problem in formulating a RDA is that nuirient requirements differ between
individuals, They are convenuonally zssumed to have a normal Gaussian
distribution, as depicted in Figurc 1.1, with a peak at the mean requirement {point b
in Fig. 1.1}, Experimental evidence supporting this for humans is scanty. and a clear
caceplion 15 known in the iron requirements of menstruating wotnen, which are
skewed, with a long 1ail of higher values. Nevertheless the hasic ASSUMPion serves
s a useful concepr on which to base discussions of variations between individuals.

The palicy adopted for most nutrients gver many years by bodies promulgating
RDAs was to choose a single value at, or more likely beyond, the wop end of the
distribution range. ie. w0 give an intake that would cover the needs of all or almaest
all members of the group. Nationally this is often described 1% the mean requirement
of the group plus two standard deviations (SD), ie. covering an least 97.5 % of the
papulation {point ¢ in Fig, 1.1).

This approach had greal merits for the original use of RDAS - 10 set 1 standard lor
an adequate diet for groups of the population: it is simple. and one can check by
abservation if the RDA has been set high cnough. A single value RDA however is
often misinterpreted or misused; it is sometimes regarded as the Jowest acceprable
intake, duspite being clearly defined as subslantially mare than individual needs for
the great majarity of the population,

The more recent extensions of the use of RDAS 10 other purposes highlight the
shorcomings of the single RDA, Reviewing bodies are therefare tending 10 move
awiy from single RDA values. Agreeing with that view, this Comminee is
amempuing o give, as far as possible. three values 10 indicate the spread of needs,
carresponding o paints ¢ b and 1 in Figure 11

Point ¢, that intke which will meer the needs of virtwaHy all healthy peaple in g
group, correspunds conceplually with the eaditional RDA. Since the Commiies 15
producng more than one svalue, i sccms nappropriale 10 fetain a term such 1s
reeommuended deelary allowance for his value alone. The wse of the adjective
recemmonded” has been criticised as polendally musleading, for jntakes can be
recommended amdy on 4 basis of probahility. Even though dlways clearly staed. this
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is not always recognised by users. perhaps because of the prescriplive overtones of
‘tecommended’, and reviewing bedies have been introducing other terms. This
Committee will call the intake that is enough for virually al] healthy peopte in a
group the Population Reference Intake (PRI).

Point b in Figure .1 is the Average Requirement (AR) for the group, accarding to
the criterion chosen.

Point a in Figure 1.1 is the intake below which, on the basis of our current
knowledge, almost all individuals will be untikely (o maintain metabaiic integrity
accarding fo the criterion chasen for each nuirient. The Committee will call this the
Lowest Threshald Intake (LTI,

As mentioned previously, lhe schematic Figure 1.1 represents a con¢eHual
framework, which may be adjusted 1o deal with the information available on specific
nutricnts. For example, the PRI is set notionally as the mean tequirement plus two
standard deviations, and thus about 2.3 % of the population would be inadequaiely
supplicd by that intake. In practice, this is not so; the mean and the standard
deviation czanot be cstablished reliably, and it is comman to incorporate a safety
factor by Fixing the PRI at the lowest level above which all subiccts appear W be
adequately supplied.

In the absence of more reliable information, the LTI values in this report have been
celculaled as the mean minus two standard deviations, If more direcl evidence is
avatlable w0 provide other Mgures, this has been used. Because deficiencies of mos
nutrients are lortunately relatively rare, data from which ta cstimate the LTV are
often very inadequate, and the criteria chosen as indicators of deficiency may vary
somcwhal tn stnngency. In this report LTIs are ofien set on the prudent side, being
not those inakes below which frank deficiency is almost certain, but rather thase
intakes below which there may be cause for concern for a substamiial section of the
populaion.

Cangequently. the PRI and LTI values are not always the means plus and minus rwao
standard deviations, Fuerthermore. there is much unceruinty aboul what the
standard deviation should be. Many hiolapical eharactenisiics have 2 cocflicient of
variation of [5 %, and this is often assumed in this reporl. Nevertheless for some
nutrienis olber coetlicients of varzion have heen used, hecause shere s direct
cvidenee 10 that elfect, or w ailow o larger safery facior, or where the calvalaed
vulues i uneasily with abservanans.

The Commitiee has given only one value for increases during pregnancy of lactauon;
o gensiders 10 has inadeguale information o give more with oy confidence.
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For nuinicnis where the requirements are given in lerms of energy intake, \here is
the problem of how to give meaningful PRIs and LTls as a weight of nutricat per day.,
The convenuion adopied in this report is Lo give the PRIs and LTIs for average
cnergy inizkes.

Use of valves proposed

Multiple values are of greater utility than just a single RDA. For any particular use,
one or other of the values may be approprialg;

Assessing the diets of individuals

Any individual wha habituaily has an intake equal to or grester than the PRI will
almost certainly be provided for adequately. As the habitual intake falls below the
PRI towards the LTI, the chances of being inadequatcly provided for increase. If the
hahitual iniake falls below the LTI further investigation of the numitional stats of
the individuals being stedied may nezd to be carried oul,

Considerable caution should be exercised in judging an individual's diet in this way,
Measurements of habitveal intake of a4 nutricnt are ofen nol very accurale and the
proposed reference values in this report are subject 10 some unceraimics.

Assessing the diers of groups

The risk of deficiency ina group can be estimated (rom the numbers and the intakes
of those n the group habitually consuming less thap the PRI As the number of
individuals with intakes below the PRI increases. so does the Likelthaod of the group
heing inadequately praveded for,

For prescribing diets or provisions of food supplies

When digts are heing devised or food supplied, they should contain notrients at the
level of the PRI {and adequate encrgy). over a period of lLime, 1w ensure peglipible
risk of deficwncy in any person. Mostindividuals would therefore receive in cxcess

ar well mn oxeess of elr poiren peeds,

For food labelling purposes

This s discossed 10 deral o chapter 36 ol this report,
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Energy recommendations

The above considerations cannot apply lo recommendations for energy. PRIs far
olther nutrients are sct al the top énd of the distribution of requirements to ¢liminate
any cases of deficiency, The fact that mast peaple will consume more than they necd
is of relalively linle importance and will do no barm. That 15 not tue for energy
intakes. These are therefore given as average requirements for a group; they cannot
hee wsed for individuals, but are important for catering and food supply programmes.

Acceptable ranges of intakes

For some nulrients known to he essential, the dawa are inadequale for making
recommendations. For these nutrients, an acceplable range of imakes 15 given,
hased on obscrvations that individual consumpuons within these Limits appears
satisfactory in that neither deficiency nor signs of gxcess are seen.

High levels of nutrient intakes

Mosu individuals aim al a nutrient inake that is nov less than the PRI Many
habitually consume more. This may be due to the composition of the customary diel
¢e.2. @ high consumpiion of meat may Jead w a diet rich in protein: a high
consumption of fruit and vegetables may produce a diet rich in folate). or to the
deliberatz consumption of some nutticat-nch foeds (e.g. consumption of liver leading
10 2 high atake of iron and vitamin A} Nurient intakes may also be hiph due w
consumpnian of distary supplements or foriificd foedswifs.

Intenunnal consuinption of nuinents considerably above the PRI 13 nol uncommon.
This is in par due o the well-publicised claims which have been made that some
noirignts have exira health benefits at intakes very much higher than those needed
to prevent recornised deficiency signs ®. The Commitee considers the evidence
insuffeient a1 prosent W usufy making guantitative reeommendations in this regard.
but the resules of cerrent research are awailed with anterest. For mast nutrients
however, there s bude cewson o expect any advantage from intiakes that are preatly
1 excess of the PRL

Foar must notoens, dwe PRE can be exceeded several fold without cunsing adverse
elfects andd althoogh any addivonal benefits are unlikely, there 15 no harm in
individuals comsumiag amouaks of these notrients thal are much hipher than the PRI
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For some auinents however, undesirable elfecls can occur at fevels relatively close
t0 the PRI, In some cases, there may be conseqguences that are not directly harmful,
but are undesirable — for example, high intakes of folate may have the effect of
masking the effects of vilamin B4 deficicncy, thus preveniing its diagnosis carly
enough to avold damage to the nervous sysiem. In a few cases, high amounts of a
nutnient are toxic, notably vilamin A after persistent intakes of a litde over ten times
the PRI, High intakes of these nutrienis are likely to cause undesirable effects and
should not therefore be encouraged.

This report gives for individual nuttients levels above which there is conceen about
sndesirable or harmful effects. Where there is no hard evidence of adverse efleris,
then indications are given of intakes that have been reported as producing no
apparent adverse effects, However while for many nuirients there is no reason (o
helieve thar intakes well above the PRI will be harmful, the Commitiee connsels
caulion; for cxample, vitamin Bg was thought lor 3 long ume o be non-toxie, bu
recent evidence suggests that intakes above 50 mg per day are powentially toxic,

Age groups reviewed

The main emphasis of this teport is placed on vajues for adults, as the quality of the
data on which decisions have 1o be based is higher than for other proups of the
populanon,

The report deals also with the reguirements of ¢hildren down o six months. For
most nuinents the requirements of infants below that ape were not considered. as
they would be cither breeast- or fomcla- fed. The composition of infant farmulas 15 a
complex matter raising problems of bicavailablity ewc. that are better dealt wilh by o
minre specialist expen group.

QOnly tor energy and protein have valees been piven for infanes below the age of sx
months, 10 seems reasenahle w do s becaose they are hased on more solid
cillenlations than are valucs for other nuinenes, they can be caleolated for namower
ape groups. and the wmformuauan shoold be of value for many purpeses.

For most nutoeats, children have been divided achieranly into ape proupss G-
manths, -3 years, 4-6 vears and 7-HE years. From b years onwards, the sexes
have keen divided mre apge groups of 11- 8 wears and 153-17 years, (The convenli
heing used i this repark 15 that, For exanple, the 123 year proup covers children lrom
therr Nest lnhday 1o the duy boefore there Tourth aethday ).
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Individuals aged 18 years or more are considered as adults. Adults are broken down
further into age groups only for consideration of CReTEyY requirements,

Children

Expenmental data on the nutrient needs of children are move sparse and in general
less reliable than for adults. The Commitiee considers that information is inadequate
Lo pive Average Requirements or Lowest Threshold Imakes for children and is
limiting nself to piving Population Reference [nwakes. For most nutrients the
experimental data are frequently insufficient even for that restricted purpose. Most
commigiees have tackled the problem by interpolating between the values for young
adulis and those for inlants, based on the composition of breast milk. Some
committees have based recommendations, useally for minerals, on caiculations and
assumplions wiing {actorial approaches based on 1issue composition, basal losses
and the changing size of body compartments.

In this report, where no specific slatement has been made. the PRIs for children of
one year and over have been derived. o the absence of reliable data, by
cxtrapolation from the PRI of young adults an the basiz of energy expenditore. The
cnergy expenditure of & growing child includes the energy cost of growth and the
werease in body mass, as well as basal melabolic rate and physical activity. It thus
appears 10 provide a basis on which to estimate the reguirement (oc other nuidents
above the maintenance level, For infants 6-11 months, the values are usually derived
by interpolation between those known for infants below & months, and those
caleubared for the 1-3 years geoup,

The PRI piven for children are therefare best estimates, but they are similar (o
vilues propased by camminees in a number of countries. They shauld perhaps be
regarded as serviceahle values for food labelling and planning purposes. rather than
definite stements of need.

The elderly

Because of demographic developments in Europe, mare atlentian now has 1o he pad
Lo Lhe nuirition of the eldecly.

With increasing age, there iy usually propeessive bass of lean tissue, energy necds
tend 1o decline, and energy intake to fall. The deficiency of some nulncnts, seen not
enfrequenely, can arise from 1 greatly reduced food inake in the elderly, It is
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desirable for the elderly 1o remain active and to keep up their intake with foeds of a
high nutnent density.

Diciary deficiencies can also occur because of the inability of seme old people to care
properly for themselves, or hecause of illness which is the primary cause of
malnuteition,

There is no evidence thal the nutrient requirements {as distincl from the energy
requirements} of the elderly differ from those of middle-aged adults, and except for
vitanun I, po different valucs are piven,

Bioavailability

Dietary nutrients have to be ahsorbed and uilised by the body 10 exert their
Physiolagical effect. The extent to which this occurs is referred to as the
bioavailability of the nutrient, usually expressed as a perceniage.

For some nulrients the bicavailability is high and does ool raise a problem. For
others the bioavailability is much lower, and this has been allowed lor when making
recommendatians.

Many factors affect the bivavailability of a nuirient, [t may be the chermical form in
which it occurs in the dien, for example, folatc in the monoplutamate and
polyglotamate forms. haem iron and inorganic iron. There may be interactions with
neher dietary constituents which reduce (or enhance) bioavailability,

The absorpuve capacity of the intestine may be limited and may be influenced by
sysiemic factors. It may he dependent on the need for the notrient in the baody,
adapiation can occur 10 change bioavailahility,

Because of the many factors influencing it, the bioavailability of a nutricn( may vary
substanuially with ciccumsiances, and it is often poarly predictable. No single value
wan be given with any reliability, yet in drawing up recommendations it is usually
aecessary jo select one. Some compromise has 1 be armved ar, vsually based on
commaon dectary patterns. The prohlems are discussed in more detail inothe seclions
oR the nuinerts where they rase difficubties. aotably amoeny the mincrals and some
of the viamins.
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General considerations

The recommendations are cxpressed per person per day. Thes does not mean that
those amoeunts should be taken every day. vonceptually they represent the average
intake over a periad of time,

The values are propozed for groups of healthy people, and may not apply 1o those
with different needs arising from disease. medication or adhesence 1o a special diet.

The values put forward for any one nutdent assume thal the requirements for cnergy
and all ather putricns are mer.

Research needg

The Comimittee is acutely aware that there are many paps wh the data it had 1o use o
produce the variewy of values presented in this rcpart. Some are menuoned
specifically i seciions dealing with individual nuiricnw; others are implicit in that
soimie deciswons clearly have had o be made on the basis of inadequate evidence. In
the Commuttee’s view this unsatisfactory siwation is in part 4 conseqeence of the
limited amount of nuiritional research that has been camried oul in the Community
and in the world at large. The nuiritional necds of the narmal healthy individual are
cammaonly classified as a low priorty for medical research.

The Commitgce recommends that the EC reconsider the importance of research on
the nuiritional needs of the European consumer, o provide more relizble information
lo serve as the hasis for better advice across the wide variety of dictary patiemns in
Eurape.
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2. Energy

Definition

Energy requirement has recently been defined 1.2 in terms of the energy expenditure
rather than the intake of an individual or group. Previeus definitions described
requirements on Lhe hasis of an assessment of enerpy intakes but this is now
considered unacceptable because intakes may not match the cnerpy demands of the
body and the intake may also be incompatible with the leng \erm mainicnance of
desirable levels of bady weight and physical activity, Several EC member countrics
have now adopled the wse of cnerpy expenditure vabues. In this report CNergy
requirements of adults are therefore defined as the levels of cnergy intake from food
which will balance energy expenditure when individuals have a body size and
compaesition and 2 level of physical activity which are consistent with long-term good
health. The requirement alse allows for the maintenance of cconomically necessary
and socially desirable physical activities.

Glossary

BMR: Basal metabolic rale, is the rate of enerpy used in the postabsorplive state

under highly standardised conditions of thermal neuwtrality, with the individual
uwiake but at complete psychological and physical rest 3.

PAR: Physical aciiviy ralic, is the energy cost of specific wasks. cxpressed as a ratio

of the BMR. The task may inclode a variety of movements and activities. For
cxample, shopping includes the walking and standing required 1o choose from
shelves, 1o pay, and carry the purchased goods, PARs are considercd on a
daily basis. which means that they are oot weighted on 4 weekly or vearly
hasts.

IT1: [mcgrated encrpy index, desenbes the energy cosl of specific necupations as 3

ralie of the BMR This vuloe is weighied for ahe pauses in activiy and
imeprates the cost of vanous wsks. Thus o domestic helpee's (R specilics the
enerey spent eyver the whole work shift, while carrying oot the appropriaie
vatiety ol speaitie tasks (cooking, ironing, washing cic.b and having a number of

imterspersed perads ol rest
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PAL: Physical acuviry level inlegrates on & 24 hours basis the encrgy spent on all
types of activities, ie. the IEIs specific to various occupations, and the cost of
inacuve periods such as sleep. Stricty speaking, hoth [E{ and PAL are
caleulated so that they refer 10 wypical days.

[t is possible to calculale average yearly 1Els and PALs, accounting for the
average number of hours worked per day, the number of days worked per week,
and weeks per year. It is imporiant to distinguish between the two series of
values. The yearly weighted averapes are expressed as IE! and PAL. and
assume that the number of occupational hours correspond to 40 hesfweek Tor 4%
weeksiyear.

BMI:  Body Mass Index (Quelelet’s Index). Body weight (kg) divided by square of
body height {m}),

Physiology and metabolism

Thtee major compenents conhote w0 the encrgy expendituce of adules. The first and
largest comparent is the basal metabolic raie, BMR. which is the energy used in
maintaining the body in a fasting, relaxed and physically imacove siaic in a
thermoncutral environment. This component usually accaunts for 50 - 60 6 of 1he
total energy caxpended. The second component is the energy used in processing and
storag the nutrients eaten. This cost usually amounts to about 10 % of the energy
engested bui the value depends oo the balance of the diet, on individual differences in
response and on the extent 10 which individeals are being underfed or overfed. The
third major component i3 the ¢nergy expended in undenaking the variety of physical
activities involved in living, working and in social acuvities.

The BMR of an adult is determined principally hy bhody size. body camposition and
ape. Men have on average more lean tissue than women and it 15 the legn ssue and
the relanve sizes of different organs which determine the BMR, The wabler and
heavier the individual the preawr the amovon of lean Gssue and therefore the highe
the BMR, Wilh age there s useally o progressive Joss of lean nssue and an increase
0 hody ful These dferences and changes in bady composition account {or the lower
BMR per b body weight of women than men and far ihe declining BMR with ane
cven whea hody werght s taken into account.

The level of physical activily must ahviously be considered in desil when assessing
the ¢nerpy needs ol an individual or groop. Some activities involve the minimum of
movement campauble with the individoals’ necds at home whercas other activities
invnlve the energy expended at work tn a variery of different tasks. Further epergy is
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expended in discrctionary activities which inelude many useful contributions o the
well-being of the individual and socicly: these can therefore be considered as socially
desitable energy costs. There is also increasing recognition thal maintaining physical
frtncss, promoting a sense of well-being by exercise and helping (0 provent chronie
diseases such as coronary heart disease, osteoporosis and muscle wasung in old
age, may involve additional desirable physical activity if the physical cost of
occupational work is modest, These additional needs are difficelt to quantitate but i
18 recognised that physical activity is imponant for health and an allowance may
need to be made {or these additional exercise costs.

The basis for variation in energy requirements

The energy requirement of an individual is difficult to predict even when account is
taker of the sex. age, body size and degree of physical actvity. This is because of
the suhstantial differences between individuals in their basal metabolism, in the
efficiency with which they siore food and in the muscle wone and physical cost of
movement. Thus there remains a vanauon between individuals under siandardised
conditions with a range of values which extend 1o # 15 % of the mean, A group of
men or women ol the sume age and weight who engape in a varety of physical
uctivities may show a range of individual needs which amounts to £ 200 % of the
average for the group. It s therefore not possible to predict individual energy needs
with any accuracy without special measurements of. lor cxample. the BMR and
physical activity pattcens.

The radinonal approach to derviving nutnent recommended dictary allowances has
never been appropriale 1o cstimating energy requirements hecause 4 sustained
intake of voergy enher below or above the individual's specific needs has deleterious
elfects. This is in contrast to the cffects of other nutrients where the provision of an
ample amount ol the notrient ensures the whole population’s recds are covered;
individuals who reegive more than they need are enlikely (o sulfer deletenoss effects
wnleds the noteent 15 taken in very large amoums. I is therefore usoal o caloulule
the average envrpy needs of 3 group.

LEifects of enerygy excess

Adults have onty a modest ability 1o dissipate excess diclary energy by aliening
their metabolic clicieney and therehy incrcasing their cnerpy expendituee ¢ Weigh
s readily pained with Tt and protein bemg depasited in adhpase and lean ussue
respectively, Abowt 3 4 of the excess weight gain is fean ussue so the BMR



Mulrition. Chapier 2: Energy  11-17-1997 15

slowly increases 5.6, This increase and the energy cost of moving a heavier body
duning physical activity means that an individual or group evertually comes back into
equilibrium at a higher ¢nergy intake and expenditore but at the cost of being
overweight. The increases in morbidity and morality associated with excess weight
are well documented and include greater risk of arthrinis, pallbladder discase,
diabeies, coronary heart disease. hypertension, siroke and an increased rsk of some
cancers 7, These nsks can be avoided if energy intakes and expendilure are matched
within a desirable weight range. This has been defined as cquivalent 10 2 BMI of
shout 20-25 39.18, (Jn a population basis. however, the risk of having individuals who
have gither ¢chronic energy deficiency with a BMI below 18.5 or overweizht with a
BMI abave 25 is minimised when the median BM1 of the poputation 15 between 20
and 22. This may therefore be waken as the optimal population BMT range.

Estimation of energy requirement

To estimale cnergy requirement at dhe individual or group level it is necessary to
estahlish the habitual level of energy expenditre. This is done in two steps. First
the basic expenditure, BMR, is esumated. This can be predicwed accurately on a
group hasis with a standard eeror of about 2 %, by the set of repressive eguanons
develeped for WHOFAQMINU 1, These cquations are based on age and weight for
mabes and {emales separately. Recently new dara on BMR ol Eurcpean elderly men
and women have been collected 50 that 2 more extensive and relevant ser of values
is ipw avaikahle 1192 | (Sce Appendix, Table ALY

The aext swep consists in defining the level of activity which the individual or group
engapges o habitually. This is defined as the physical activity level {PAL) and
expressed as 3 muluple of BMR. This PAL fipurc integrates in one single value the
tatal coergy expended pyer the whole day. While it is possible o derive the PAL
from acwual measurement of the cnergy spent in all the activitics during 3 day, in
most cases it as estimaied {from 1 knowledge of the type of occupation and
recreational activity; these types are then linked w the encrpy cost of the activily
detined as the physical activity ratio {(PAR). Thus the wnal cnerpy cost per minute of
each rask cun he calevlated. There are published tables of PARs for varicus
activiuges and also estimates of the daidy PALs of vanous life styles V3

The energy cost of different occupatons inegraled over die warking day s alse
piven in specially desipned tables which clagsify the occupations imo various acnivily
levels 1330 This cost s explained as the antegrated cnergy index (IR1) and
atcprales the encrgy coars ol o variny of activides carricd out an performing a
specile task. Ias, howeser, apprepriaw 1o ceclassily a group’s bifestyle of o s
apparcnt that modern bving conditions huse changed the energy demunds Thus a
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domestic helper may be classilied as holding a "moderaely” active job in some
Eurgpean countrics where there are short working weeks and appliances desipned
to save human enerfry &re available. The same occupation may involve heavy work
when performed with little mechanisation and for many hours per day or with more
days worked per year in other Eurapean countries.

Tt is now advisable w group daily activities not only in terms of cccupation but also
12 wake account of discretionary activities, the lauer being further subdivided into
socially desirable activitics and activity intended for the maintenance of a healthy
cardiovascular and muscular system 1. This health maintenance activity may be
lotally absent from the life style of modern sedentary populations in Europe. I3l is
considered desirable, the cost associated with these acuvites for a piven minimum
lime ¢ack day may be provided as an ¢xira energy allowance. This approach implics
2 preseriptive or normative scheme rather than simply 1aking the observed patterns
of activily and then specifying the encrgy needs accordingly.

Therefare when attlempting to estimate the enerpy requircement of an individual or
group, the following information is needed:

1) age, sex and hody weight;

2} type of occupation, the lime involved and its energy cosis;

1) tvpe of discretionary aclivity, the time involved and its enerpy costs:
4} hours of sleep.

The BMR is then calculated from the observed body weight provided the body mass
index is between 20 and 25 for an individual. If the body mass index excesds 25 then
a desirable weight should be defined as that corresponding w a BMI of 25, For

estmaing the BMI of groups, however, a2 BMI of 22 shoutd be chosen as desirable if
the ohserved average BMI exceeds this value,

The energy cost of the varous activitics is vsually established on the basis of tables
of PARS {physical acuvay rating), i.e. as a raito of the costw BMR. By knowing the
tme iavalved anocach activity and wih the use of wbles 1t s possikle ta buld up a
picture of the waal 24 hour energy expenditare, which muy also he cxpressed as a
ratin of the esomated 24 hr BME of the individual. This s then the individual’s PAL
tor thar day. Expers conversany with the problems of establishing these PAL wvalues
are meeded in developing this approach o cmergy requiremenis SiNCe Serious errors
upd musinweprelanons are reazdily made by the untrained analysc
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Simplifying the estimates of energy requirements

The vanous occupational aclivitics ¢can be grouped, on the basis of their mean 1EI,
intg four major inensity levels, These are set out in Table 2.1 separawly for men and
WOMmER.

These values result from an anegration of the energy spent on the actual work and of
the interspersed pauscs, the heavier the waork the longer the pauses. The job
specifications of the IEI categories are shown in Table 2.1, but this is meant 1o
provide only general guidance; hetier defininons may evenally become zvailable.

Table A.2 (Appendix) shows how the differences in body weight and in physical
activity levels affect the average daily energy requirements of groups of men and
women. There is over a threefold vananan in needs, This emphasiscs the importance
ol vstablishing the characterstics of the group whose energy needs are to be met.
Therefore, in developing the European averape energy requirement, weights and
heights and physical activity pattemns {as IEI and/or as PAL) within the COMMUnily
are needed. Very hnle suitable information is available currently, bul exlensive and
represeniative data are likely to become available as part of current or planned
nutnitional surveillance surveys.

Developing individual or group requirement values

Table 2.2 provides an example of how the energy requiremem of a domestic helper is
estimated. She is considered o work in a Southern European country with a
relatively low level of mechanisation. She is aged 25 and weighs 60 kg, so tha from
Table ALl {Appendix) her BMER can be esumaled as 5.8 MJ per day. To illustraie the
need to inteprate all her acuvites 1t 18 assumed thar for two months of the year she
also engapes in harvesting a crop as part of the regular summer work in the area. In
addition she has commitments to maintaining her own household. Three types of
activity pauerns therelfore need to be considered: (a} her regular domestic work
combined wilh her own housshold duties for three days per week, {b) an average
peieen of actvity tor lour week and weekend days when she copes predomnamly
with her hovsehold dunes and (c) the twa months weekday waork picking crops. In
this latter period wis assumed that she also works a5 a2 domestic for one weekend
dity 1 maimain her regular eooployment. Thus i s possible w ohain three different
PAL values w cover the three tvpes of day in the year, By interraling these fur the
whale yoar ane arnves 2t an averape eaergy eguirement aquevalent e 169 PAL or
3 total eoerey aced, piven ber age and weight, of 978 8T {2340 keal) per day,
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Generating an average value for European adult energy
requirements

It is useful 1o determine if possible the average energy requirement of European
adults taking into account the known or estimated varalions in population structure,
in adult weights and heighis and the physical activity pauerns within the
Community.

First estimawes of light, moderate and heavy life styles activity levels were specified
with or without desirable increments in activity for promoting health and Eencral
well-being. These life style PAL values, cxpressed as ranos of the basal metabolic
rate, are scl out in Table 2.3,

It is more difficult 10 obtain a suitable estimate of European adull weighis, Desirable
weights for observed heights were calculated taking a BMI of 22. Actual adule
weights and heights were taken (rom represcnlative national samples or from
spectfic surveys (see datg sources in footnole (o Table 2.4). These adult tody
weights and heights were weighted for the tolal nember of aduelts in each age group
in ¢ach country, as obizined from Eurostat 4, 10 obtain estimates of the dverage
weight and height af European men and women of the various age groups. The
calculaied weiphts are piven in Tahle 2.4,

Subsequently in this report when standard weights are required for calculating
nuirient needs, the vatue for an adult male is taken as 15 kg, wish 62 kg for an adull
female, as being the mean acugal body weights in the age range 30-59 YEars,

Energy reguirements for each age and sex group were then derived (Table 2.4} by
making assumptions about the proporuon of men and wamen of different ages who
arc involved in different activity levels. These arbitrary assumptions are set ool in
ihe footnote 10 Table 2.4, Table 2.4 also indicates the exient 10 which the
requiremens are altered if an allowance is made for physically desirable activities.

Elsewhere in this report, when an AVETIEC €ACry inlake s required for calculating
nutriend needs. the daily value for adult men is aken as 11.3 M), and Tor aduin
women, 8.5 ML from the mean energy requirement of men and witmen, withoul any
addingm heing made for desicahle physicul activity

In devctoping these esumaies of UNUrRyY reguirements o shoold be recopnised that
they are hased on exwensive dang relatng 1o the basal mewabalic rute of individugls of
thifferent ages hut on very hmited mfarmausn on the average and range of physical
activity paterns an Eurepean adehis of different apes. These estimates of
requirements may then need 16 be changed. Social and ceonemic changes wili also
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alier our estimates. Health promotion is zlready leading some adulis ta undertake
more physical exercise in their spare time. But sulomation at work and in the home
is lending w reduce the demand for physical activity to an unknown degree. The
more generalised introduction of central heating and coaling of offices, factores and
homes may also alter behavioural patierns to an unknown exient. These sacizl
changes mean that the energy needs of European adulis are likely o aller with time.
The values presenled here are eslimales of current European patterns of activity al
work and in lewsure time, They should therefore b treated with great caution,

Children

Eslimating energy requiremenis from measurements of expendituse is ideal but this
is particularly difficult in children because so few mcasarements have been made.
There are coherent, long standing data on the BMR of infants, young children and
adolescents but measures of physical activity are few and rarely apply to modern
European circumstances. where there seems o have been an appreciable decline in
activily patlems over the last 40 years, There are now a few mcasurements of total
energy expenditure by the 2[-{113{} method ina selecwd proup of British children but
they may well not be represemative of the usual pattern in Europe, Reliance must
therefore be placed on measures of [ood intake as well as expenditure dala and
these need 1w be related 1o the European children's growth patierns,

Growth paiterns of children in Europe

There has been a substantial nomber of stadies of children's weight and haight at
different ages bu these are rarely conducted on representative populations and ne
atlempt has been made as yet o desve a2 collated s of dawz taking into account the
s1ze of dificrent European groups and the nature of the sampling and measurement
technigues. The Tanner standards 13, hased on abow 2000 London schoolchildren
and on o smaller sumple of pre-school childeen studied repeatedly aver many vears.
were sel oot in the 1960s. These have been wadely used and a Broitish nation-wide
survey 1% showed that Tanner's graphs were sull a reasanatde reflection of British
grivelh patwerns o the 190 Pnimary data sources have been obmamed from nine
Eurapean countnies, where cooss-sectional, mixed longuudinal and lonpnudinal
studies huve heen published indhe 19708 and 19805 Values from cach country have
Poen weighted by the seee of the populanan in cach age and sex group and averaged.
Flors of the Evrapean growth curves are very close o the Unngd Suates Nanenal
Center for Health Siavistics (NCHS) growth curves, Tables ALY and A4 (Appeadix)
show the mean values Tor height and weight from | month o 17 years of apes they

coreespend Closwely wath the SCHS values,
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Basal metabolic rates af children

These were collected and calculated by Schofield er al V7 for use by tLhe
FAOMWHO/UNU Committee, Equations were derived based on ape, sex, weight and
height 10 derive the average BMR of boys and pirls. These are given in Table Al
{ Appendix). In praciice it is simple Lo use weight alone, although height does reduce
the variability of the predicied BMR in children 7.

Physical activity and other thermogenic processes

Unforiunately there are few dawa on physical acuvily patterns. energy cosis of
prowth or the thermogenic response to meals in European children of dilferent ages,
If these were available it could be possible to build up estimates of the energy used
for BMR and these other processes and thereby derive requirement values in the
same way as n adulis. The pre-adolescent data are sparse and information on
adolescemts 1s confined to an unpublished [talian study. Two alternative approaches
involve the use of the 2H, 130 method for measuring the toal energy expenditere of
children or the estimation of requiremenis {rom mtke data. Tae EHI ¥0 method has
recently been introduced 1nto human studics and only lhaely bave some of the
theoretical and techmical problems associated with s use been evaluated 13
Nevertheless the recent British report 1% used the data eoliected by the Cambridge
proup on 355 healthy infants {o tllustrate that the energy allowances sl oul oo
children by FAO/WHO/UND 1 were higher than those estimated by adding the
estimated energy deposited during growth 1o the 2HZIED estimanon of total energy
expenditure. This new approach used a vanety of assumptions which differed lrom
those chosen in the inital validation swdics on the 2HE’E'[_‘] method and it is possible
that there might be a small systematic bias in these data,

The FACG!WHO/UIND's 1 allowances Tor chaldren under 3 years wer2 based on
measurements of energy intakes which themselves are subject 10 error and include
assumptions for the dipestibility facwors for different dicis which were denved from
adult smdies and may not be transferable 1o children, The FAOMWHOQATRNU
allowances also included & 5 % increase for a possible underesumare af inoakes of
energy from breast milk i the fiese year of life. The same increment was assigned on
a prescopive hasis for childeen in the second and third year. in the values given here
(or Ewropean children this adjesiment is ot included. The daily energy needs of
children decline from S8 kJ/kg at birth 10 about 360 ke a0 Y manihs of age because
of the very marked fali in the eaergy need for deposition of new nssuce. The ol
energy cost of synthesizing and storing new bssue amaunts o 3 hile over 20 KI/g
weipht gain aad Jer the Drst year of Tile is always less than 4% of energy needs.
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Infants

Breast feeding provides the best nourishment for new bam babies and young infants,
In these chitdren there is no need wo develop energy requirement figures, howewver il
is sometimes useful to have these values for those who are hottle fed. The older
dawa were based on encrgy-dense milk [ormulas and energy intakes lended to be 40-
50 kIfkg higher ithan those now [ound with infanis feeding on new formulas which
have a lower solute and energy load. These modern formulas still scem to be
consumed in excess of the cstimated energy intzke of wholly or panially breasi-fed
babies. This may reflect the greater induction of thermogenic responses by formula
feeding or diffcrences in digestibility as well as perhaps the inductien of fasier
prowth rates in formula than breast-fed children.

Since estimates of enerpy requirements are denved in part 1o help with the aruficial
iceding of children and in the absence of clear infarmation on the optimal growth rate
for long termt health, it is sensible for the present o base infant energy requirements
on modemn formula feeding data. These are seu out in Table 2.5, The intake of 400
kJfkg/d should be ample for growth sinee new estimates of imake are now 1ending to
be somewhai lower 20, Tt i3 beter. however, @ err on the side of a slight aver-
estimaie than an underestimate.

In children aged 1-3 years there seems o be mncrgasing evidence that their
expenditure is lower than 40 vears apn. This may reflect the lower activity or 2 lower
thermareguiatory demand in modem childeen living indoors at higher environmental
iemperatures cantrolled by central heating, or a reduction in physical cxertion
consequert! upon the incredasing use of cars.

Children aged 3-9 years

The FAQ/MWHOIUNU report ' had to rely on intake data for this age proup because
physicat activity and total energy expendilure dala are very limited. Fow new
studies have been reported sinee then so it remains approprnate 1o rely on intake
data. ln @ European comtext the principal concern in relation to energy is one of
pverweipht and ebesity 1n children rather than of underweight and malnwrtion. So
the additional 5 9 allowance prescobed by TFAOMAWHOUINU b was not wsed n
duriving the estimates shown in Table 2.6,

Children and adolescents aged 10-18 years

These can more readily b gssessed anoeems of energy expendiiure Using 3 system
similar o that applicd 10 aduls, Typical time use and enerpy costs of activilics in
Bays and piris were previded by the EAOSWHO/LUND approach (Table ALS,
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Appendix). In different parts of Europe the demand on adolescents will vary
substantially with many, perhaps especizlly in rural arcas, contribuling to the
physical work of the houschold,

Adjustments for these differing activity pauems can readily be made by reference to
Table A5 {Appendix} and the approach adopted for adulis. Table 2.7 summarises
the components of crergy expenditure and the average emcrgy requirement of
adolescents who are moderalely acuve with a physical activity level of about 1.65 for
boys and 1.55 for girls. aged 10-13 years. For older adolcscents, spending more time
mn school and related light type activilles, caleulations are made on the basis of
physical acuvity levels of 1.58 for boys and 1.50 for the girls.

Pregnancy

There have been several detailed European siudies of energy mewabolism in
pregnancy since the FAOMWHOMAINU collation of data in 1981, This has allowed a
re-cvaluation of the estimates of need, Siudies on total encrgy expendilore in whole
body calorimerers 21 have shown considerabile variability in 1he metabolic changes in
pregnancy in different women. Analyses of post-prandial thermogenesis have {ound a
more ¢lficient processing of nutrients with a tower metabolic response o meals in
pregnant and lactanng women 22, There have also been two major studies in Glas-
gaw and Wageningen as parl of an inlernational prospective swudy of the changes in
food inake, encrgy expenditure and body composilion during pregnancy 24, These
European studics arc still in progress but sefficient dam are available o jusiify the
derivation of valoes which differ from those given by FAOAWHO/UNU L

The eripinal estimates of ¢nergy need weree based on dzia collecicd on the wiight
gam and body caompasitionual changes in careful swedies conducied before and ahier
the war 1o Scotland. These data and the approach adopicd have been used
throughout the warld (or the last 30 years 25, IT 2 mother gained 12.5 kg and gave
birth 1o 2 3.3 kg baby then the wial eost of 1he energy depasited in both maternal and
fetal tissues together with the additionat cost of mainmwining the extra ussuc
amounted 106 an extra demand [or SO0KID keal (333 MJ) over the whale of prepnuncy
3, The FACYWHOUNU Consuhation therefore divided this value by the 250 days
afler the First month of prepnancy we dentve an addiional necd of abool 1.3 M) mer
Jday |

The supposed extra enerpy reqoirement 1s nol matched by 2 corresponding inciease
in medsured food intake in the new Glasgow and Wageningen stedies. In fact an
analysis of 1k studwes in Austrubia, Hoelland and Briton showed increased inakes of
enly ahoul (042 MIA 0 the third inmester of peepnancy and there was finde if any
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¢hange before that Y%, The UK proposed an increment of 0.8 Mliday during the lasi
timester in view of the conflicting evidence from intake data and esiimates based on
EMR and tissue composinonal changes 19,

The discrepancies in the European dalz between the esiimated need for energy
retention in pregnancy and the acwal intake amount to 193 MJ in the Giasgow
studies and to 264 MJ in Wageningen. This implies an average energy storage of
0.77-1.06 Mlfday 23, Some of this saving may reflect differences between the pre-
pregnancy vatues for intake and BMR and those used for calcelating data which were
collected at 10 weeks ol pregnancy.

The decline in physical acuvity in late pregnancy is also difficull 1w document and
may e a mechanism [or saving cnergy.

Variable needs in pregnancy

The estimate of need presupposes that alt women are of normal weight z2nd sustain
the appropriate weight gain which, in the five country swdy, amounied 10 11.7 kg in
Scotland, 10.5 kg in the Netherlands and 7.3-8.9 kg in the other (hree countries 24
Howegver new detailed analyses from the US show that both pre-pregnancy weight
and weight gain are important indices of birth weight, and perinatal morbidity and
mortalicy.

Provisianal weight pain charis related w0 pre-pregnancy body mags index are naw
available showing that thin women, ¢.g. with 2 BMI below 20, need to pain berween
12.5 and {8 kg by 40 weeks of pregnancy and a1 a rate of (0.5 kg/week during the
second and third wimester * 1o reduce the risk 1o the baby. This compares with a 11,4
to 16 kg gain for most European women with a BMT of 20 1o 26 before pregnancy and
T-11.5 kg weight gain for overweight women with BME » 26, The laest S National
Academy report 26 ¢stimates the lowest necnatal and post neonatal mocality rate is
achicved when hahies are born weighing more than 3.5 kg Underweight women
respond w ood supplemenauon during pregnancy by increasing their own hady
weight and ahe birth weight of their children, This implies that the cnergy
requiremenis of pregnant women should be individually dewrmined and thar
underweight women should he enconraged to cat mare o improve the chance of
hivang o noemal werghe child, Table 208 prowides esumates for the additional cnerpy
requirements of underwerght, rormal and overweight Buropean women who may
cither reduce their physical actvity ur be [orged o maimain their aciivily patlerns.,
lor example hecaose of the demands made by the Tamily and the cononuing need to
waork. Thus thin women reguire an ingrease  daily aake af about 1.7 Mday from
the Tikh week of pregnaney unless they become remarkably inactive with a PAL of
131 (Table 2.8% Clearly overweight and normal weight women whao are usually
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moderately active can adjust for the cxira energy nceds by becoming sedentary,
There 18 no direct evidence that such a change occurs, but food intake data suggest
that some adjustment has been made in either physical acu vity or mctabolism by the
second tnmester of pregnancy. On pracucal grounds therefore. i seems reasonable
Lo halve the supposed extra energy demand, which therefore would be 0.75 MJ/d
from the 10th week of pregnancy for normal weight women.

Lactation

The energy requircments for lactation are proportional o (he quantity of milk
produced. The averape cnergy content of human milk is about 220 k17100 mt U, Milk
ouipul data for Swedish and Bntish women corrected for insensible water losses
from the infant being 1est-weighed reveal that the amount of milk produced increases
steadily in the irst 3 months ol breast feeding. Thereaflter autput depends on the
cxient 1o which weaning foods are introduced. The greater their use the less breast
milk the baby drinks. Thus mothers who continue almost exclusively breast feeding
ta & months of age produce 750 mlfd but this can decling rapidly to 300 ml/d with the
use of appreciable weaning food,

In calculating energy costs of milk production an assessment of the conversion
efficiency of dietary cnergy 1o milk cnergy is needed. This has been traditionally
taken as 80 % although in the orginal caleulation 27 ihis Tigure was aken as the
extreme; the actual value was estimaled as 97 %. Recently the issuc has heen
rcassessed in Gambian women in a whole body indirect calorimeler 25, The efficiency
was calculsted from the energy content of the milk produced and the increment in
BEMR duc to the lactational process. The mean efficiency of milk production was 94,2
% with a milk density of 2.9 k)g. Therefore it is now proposed o use an efficiency
value of 95 % rather then 80 %, Recent separate studies in Scotland, Sweden and
England also found efficiency values of hetween 97 and 1 %

Table 2.9 provides new cstimates which make wse of these allowances and include 2
groups of women who wean their children to varying degrees after 6 months of
breast feeding. An allowance is in¢luded for the average weight loss of 0.5 ke/month
following delivery. Fram these dawa it is clear thal the energy demands of lactation
are suhstanual compared with those of pregnaney.
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Clencal and related
workers

Adminisirative and
managerial

Professional, technical
and related workers

Lates workers

Service warkers

husbandry, forestry
and Mishery workers

Labourers

Froduction and
related transport
equipment
OpCIZIOTS

Table 2.1  Classification of vccupations into [EI* categories
Light Moderate Moderate/Heavy Heavy
M F M F M F M F
160 1.a0) 2.25 1.9 3.0 2.3 33 2.8
Housewives Domestic helpers Agricultural, animal | Occopationz are as

in the moderae/
heavy category hut
conducted under
poorly mechanised
conditions

* These [EDs apply under moderately mechanised work conditions, They may need o
be shifed 1owards higher values when dealing wilh relatively [now avtomation levels.
The values far IET repanied in this Table only apply 1o the part of the day invalved in
wurk. The values ake account of pauses and intervals in warking but they are not
weighted 10 generate an average daily value which includes week-end, summer

VICALOnS G,
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Table 2.2 Energy reguirements of a female domestic helper in a Southern
European country

(age 25 years; weight 60 kg: BMR 5.8 M¥Nday)

Day type 1 Day type 2 Day type 3
housewife domnesuc labour | apric. labour
IEI* |hr M1 hr MJ hr wI
L3 In bed 1.0 ] 103 3 193 3 1.93
2} Occupational actvitics
a) Household work 27 2 1.3] 1 0.65 I (165
b) Domestic labour 28 - - B 541 - -
¢) Tomato harvesting 3} - - - - g E
3) Disvretionary activilies
2} Houscheold 20 2 1.03 - - - _
maimenance
b Socially desirable L.? 4 154 s 152 2 082
v} Cardiovascular and 6.0 025 0.3 - - - -
tnuscular mainiepance
43 Rest of day 14 795 2.62 5 160 ) LS
Daily Total PA). (M]) - 1.5% (R.86) 1.B{ (1650} 1.5% (1089

Integrated PAL (M1 1.69 {8.78)

Lay 1ype 1= & days per week for 10 months (48% of the year}

Dayaype T = 3 days per week for 10 months + 1 day per week for 2 months € 3857 af the yeart

Pray 1yrw 3 = 5 days per week for 2 months (14% of the year)

* The 1ED ~alues used in this Table are higher than the carrcspanding values in Table 31 hecause
he example describes a poorly mechanised situanon, The valuc for cardicvascular and musculas
maamenance 15 3 PAH.
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Table 2.3 The variety of physical activity levels {in FAL and in MJ/d) used in
estimating energy requirements in European men and women {actual
body weight, see rable 2.4).

Lifestyle Activity Level Including desirable Without desirable
physical aclivities physical activities
PAL MI/d PAL ML/

AMen aged 18-539 vears (wi 748 kgj

Eight 1.55 115 1.41 10.8

Maoderate 1.7% 113 170 23

Heavy 2101 15.6 201 154

aged 6074 years (wi. 73.5 kg) 1,51 130 140 n2
agedz 75 years (wi 73,5 kg) 1.51 41 1.33 ]

Waomen | aged 1R-59 vears (w 82,1 ki)

Lighu | 56 a1 142 B3

toderate 164 a5 1.56 ]

Heavy 182 106 1.73 10.1

aged 60-74 vears (wi, 86.] kgl 1.56 B5 1.4 TH
aged> 75 wears (wi 660 kgh | 44 g3 1.37 73

The physical activity levels are bascd on the 1985 WHOFAO/UNUY report ' on coergy
reguirements {or the men and women under 60 years. An udjustment for esumating
PAL values without desrable phasical acuvity has been specificd by James and
Schelwld 'V and datz on the clderly depend on new assessmens of physical acivily in
these proups as monitored by Ferro-Luza 10
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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 FAL) for European
men and women of various ages.

Agein With desirable physical | Without desirable physical
¥ears activily aclvity
[Desirable* body MIfd PAL M JAd PAL
weight {kg)
Men
BR-2G 6.3 125 177 1.9 167
50 6.3 (1.5 166 107 1355
5074 635 92 1.51 B.5 140
E 615 ES 1.51 E] 1.33
Average 114 167 1.7 1.56
Wamen
13-29 3 9.1 163 B3 1.52
1050 7.3 g0 1.60) g1 149
H-74 555 TE 1.56 12 144
=75 55.5 FE-) 156 4.7 1.37
Average a7 1.60 41 1.48
Actual**hody MJ/d PAL M. PAL
weipht
Men
i8-24 A 114 137 127 1.67
3I0-59 46 X1 L g7 1.3 1.56
.74 R 101 15l 2 140
=35 R 91 | #.0 1.3
Average . 12.1 168 113 V57
Wemen
L& X 6l anR P a3 “0 15
i-50 | o2 [JEd] .45 Iat
o) T4 t | a5 1.54 1h I .=
=78 el A (Bl 1A 137
Aserage 9.2 bR 5 148
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feoantinuey Table 2.4}

* Desirahle werght for observed herpht aking the BMT as 22,

** Weighied median weights of Eucapean men and women derived from the studies
hiswed below. Data had 1o be combined for the whole age ranpes 13-59 years and 60
o 73 years because appropriale age proupings were aol available. In caiculaling
energy requirements, BMRE and acnivity data appropriate to the specilied age proups
were applicd. The basal metabolic rawe values were obtained from Table ALl
tAppendix) and a scnes of assumptions were made for the proportion of each age
grovp involved at light, moderate and heavy physical activity levels, the cost of these
levels being taken as in Table 2.3. 1t was assumed that for 18-29 year old European
men 10 % were engaped in heavy acuvity. 70 % in moderate and 20 % in light activily
levels. For women of the same age 10 % were also considered 1o engage in heavy
activity, 30 % in moderare and 40 % in lipht acuvity, For 30-59 years old men and
women half were considered 10 be at moderate activity and the remaining half at light
activity levels. All men and women over 60 years were specified as engaged in light
aclvily patterns.

References
for Fahles 2.1 1o 2.4

The INTERSALT Cooperative Research Group (1989). Special lssue - Iniersalt
Elliou P, ed. J Hum Hyperi, 3: 279-408.
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Table 2.5  Estimated average requirements of energy for children aged 0-36

maonths.

Average weight {(kg) Intake Estimated energy

{(kJ/kp requirements (kJ/d)

body weight)
Ape Boys (rirfs Boys Cirls
{rmonths}

i 4.0 4.0 480 1500 1900
3 6.0 5.5 420 2500 2300}
6 an 7.5 400 3200 2000
9 9.0 8.5 400 3600 3400
£2 10.0 9.3 (] 4000 3800
1% [ 11O 4000 46003 440%)
24 125 120 A0 5000 4200
30 14.0 120 400 5604 5204}
i6 15.0 14.0 HX) (KX} 5600

Taken an pant from refercnce 1Y, The body weights have been rounded w the nearesi
1.5 kg and the estimaed energy requirements 4 the nearest 50 KJ/d
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Table 2.6  Estimated average requirements of energy Jor children aged 3-9
years

Average weight (kg) Intake® (%J/kg) Estimated encrgy
requirements {k}/d)

Ape Boys (rivis Boys (rirls Boys Girds

(years}

3.5 15.5 15.0 395 375 6100 5650
4.5 17.5 17.0 375 165 6550 6200
5.3 19.5 19.5 365 350 71X 6800
6.5 220 215 350 330 TT00 710
1.3 245 24.0) 330 305 2100 300
E.5 274 27.0 305 275 8250 740X)
Q.5 3000 0.5 %3 243 8530 750X}

* Imake derived from table 23 of reference 1. The body weights have been rounded 1o the
nearest 0.5 kg, and the esumated cnergy requirernents o the aearest 50 KJ/d, with some
smaathing of the final values.
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Table 2.7 Calculation of basal metabolic rate {BMR),
expenditure (TEE) and average requirements of energy of older

children and adolescents aged 10-17 years

{otal energy

Reguirements
{ M day)

Age (years) 10.5 11.5 125 1358 14.5 155 165 175
Bays
Weight (kp) 330 G5 41 6 470 53140 58D 625 .5
BMR {MJ/day) 5.19 545 578 &2 6.61 704 7.38 7.52
TEE (MJ/day) * 8.5a 350 9.4 10z8 | 1054 1112 1165 | 11E8
Growth (MI/day) v 017 Q.20 025 0.35 035 024 06 012
Esiimated energy £73 Q1w DD 10.63 103" 11.4] 11.92 12.00
reguirements
{MIfday)
Cirls
Weight (kg) EEY) 175 | a0 | 480 | sos | os2s ) osto | sas
BMR {MJiday) 4.80 5.00 531 55 573 554 592 5.95
TEE (Mifday) * 40 | 73 1 am | 86 | 860D | 8% | m8s | g3
Cirowth (MJrduy) ** e | 020 | a3z | o2 | o1 | w1z | om | oo
Estimated Energy 7.6 795 | 8ss | aes | Aam | ss8 | soer | sus
e

at o PAL ol 165 tur hovs and 138 For girls aped L-13 vears, and 155 Tor howy and

V590 o parls aped H4-17 veurs,

LN &

the prowth rate.

atu costof 21T K] por datly weight gain

The small decreaze 1n energy reguirement a1 this stage celstes maoly te the {4l in
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Table 2.8  Assessing pregnancy energy needs in relation ro pre-pregnancy weight
and desirable weight gain.

Pre-pregnancy BMI 18.5-19.9 20.0-259 »25.9

Ideal weight gain {kg} 12.5-18.0 11.4-16.0 T0-11.5

Estimated extrz needs (MJ)

BME 175 130 1%}
Malernal fat store 150 110 50
Other malernal tissue 20 13 14
Fetus a5 35 35
Theoretical total extra need from 10th 360 30 215

week of prepnancy

Calculated daily extra demand (MI) 1.7 1.5 1.0
from 10th week

Pracucal recommendation for extra 1.7 075 (k5
intake from 10th week (MI/d)

Pre-pregnancy intake (MIfd) ar 6,78 10.30 12.50)
moderate acovity [PAL 1.64)

Acuvity PAL 1o adjust for tissue [.3} 140 .51
storage and metabolism while
MANANIAE pre-pregnancy intake

Caleolations based an Natanad Academy of Svicnce ussessment 26 of ranges of pre-pregnancy
waight and desizahle weight prins which on average were assumed to be BMIs of 19, 23 and
2R with weight gains of 155, 135 and 9 kg Al women were assumed o be .85 m and

maderalely acvve (PAL 164 bedone preprancy). Values for starape adapted from Duomn 23,
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Table 2.9  Additional energy requiremenis for lactation

Full breast Milk Volume Energy Cost Allowance Total extra
feeding weight loss requirements
Months mifd Miid MJ/d Ml

0-1 620 2.00 -5 1.5

1-2 780 2.30 1.5 1.8

2-3 520 2.42 -01.5 192

3-6 75 2,21 6.5 1.71
YWeaning Practice from 6 months

Minor 650 1.92 1 1.92

Substantial 3¥) (.88 ( {184

Deoved from the LK repart ' but using new value for the efficiency of mitk production.
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3. Protein

Definition

The physiclogical requirement for protein of an individual is whe lowest level of
dietary protein intake that will balance the losses of nitrogen from the body in aduls
maintaining energy balance at modest levels of physical acuvity 1.

Physiology of protein metabolism

The bady protcin amounts 10 ahout 12 kg in adult man. The proteins are formed by
chains of the 20 amino acids; the structural integrity of the body and its metabolism
are whally dependent on specific proteins, The provision of enough dietary amino
acids to mainain these proteing is crucial (o survival.

The hody's prateins are constanily being synthesized and degraded; in an adult man
cating 70p of proein daily the 1otal protein wrnover of the body amounts 1o about
4508 protein per day. This in turn means that about 180g pruicin is being
resynthesized withaut the involvement of new dietary sources of amine acids. The
trnover of proiing is controlled, thereby allowing the mass of specific enrymes or
structural proteins 10 be altered. The inflow of aming acids from the cells” cvloplasm
inte the bloodstream epables the boady W reroute the amino acid supply from onc
Organ o anolher.

The body's proeing contain 96% of the totad bady nitrogen so a stwudy of nitrepen
metabolism vsually reflects prowin meabolism. (hher nivegenous compounds, ¢.z..
créating, purine and pyrimidine bases and the porphyrins, are sl in pan derived {rom
amina acids. BNet all the 20 aming acids used o provide these nilregen-containing
compounds can be symhesized in sufficient guantity 1o meet the hody's needs. Nine
aming aeads are classilied as essentinh because they have 10 be provided as such in
the dier tsee Tahle 2 21 Moethionine and phenylalanine are reguired as such and also
as sources of eysteine und Lyrosipe. Histidine cannot be made i suflivient quanuny
for children's necds a0 histidine s alse speeified as an cssential amine acid (and
may be reguired for adehs Ie s seggested thit other amine acids, e glyeine, may
be needed an the dier Lo boost amina acsd avalabibity when the body's demand
excerds ity capaciy e saathesize the amine acid. Thos the dastinenon hewvween
easental and some non-cssenial amineg acids 15 beeoming bhurced 2
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Protein digestion and amino acid absorption

Dietary proteins are digested by a complex of enzymes secreted by the stomach and
pancreas. Aming acids and peptides are released by selective enzymic spliting af
the protein chains. Peptides are hydrolysed further by iniestinal en L¥YMEs &0 aming
acids and small pepudes ate transferred 3cross the inestinal wall,

The intestine iisell is rapidly (urning over with protein-rich cells continually
sloughing into the lumen. The pancreatic, biliary. and intestinal secretions of
proteins, together with sloughed cells, contribule 2 mass of "endagenous” protein to
the intcstinal pool. This is thought to amount w about 20-80¢ or more per day 3.9,
Not all this endogenous protein is readity digestible 50 the residuum, together with
any undigested dictary protein and the proteins incorporated into the bacierial
population within the small intestine, will pass into the colon where they are
fermented by the bactenal flora. Some of the nitropen released from fermentziion is
reabsorbed as ammonia which can he re-used by the liver to synthesize non-
essential aming acids. Bactenally produced nuuients including amino acids may also
contribute 1¢ the hody’s needs. Thus the assessment of protein digesiibility by
ssimply monitoring dietary pratein {or N) intake and faccal nitragen cxcrelion
negiects a mulliplicity of events within the intestine. The differences between intake
and faceal excretion may hear linde relationship w the true aminoe acid supply if
considerable amounts of essential amino acids are lost inle the colon w be
reabsorbed as ¢nergy sources such as volaile fauy acids and as ammonia. The toug
dipestibility of digtary proteins in man 15 therefore uncenain,

Nevertheless, proteins from hen's epgs, cow’s milk. meay and fish are usuvally
considered 1o be 100% ahsorbed in aduhs. Protein-containing foods from plamt
sources are npol so readily digeswed and the true digesubtlity is more difficull o
calcylate because of non-protein N-containing ¢compounds in the plant food. The falt in
apparen! digesubility eeflects both an increase in faccal N outpur, which stems from
mcreased transfer of sloughed cells and protein inlo the colon, and the additional
proliferation of colonic havwria once 2 greater supply of undigested polysaccharides
¢niers the colon to provide enerpy Tor bacierial proliferation.

Large intakes of fibre-rich foods, especially those containing cecead bran, reduce the
apparent digestibility af prowein by ahout 1052 Dicts based on ¢oarse whale-graim
ceredls and vegetables may be given a digesnbiliy vidue of B5% and (hose diets
hased on refined vercals a comection vaiuve of 95%
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Amino agcid metabolism

Amine acids are transported from the inlestine in both the red cells and plasma, and
are cxtracied first by the liver and then by the other tissues. Specilic ransport
sysiems under hormonal control determing the distribution of amino acids, which
themselves not only provide the building blocks [or new protwin synthesis but may
also sumulae an "anabolic drive™ of hormonal secretion and nssug responses to
amplily the formation of specific proteins 5. The “znabolic drive” may explain the
sclective effect of dictary proteins, and particularly those ol animal ongin rich in
essential amino acids, in sumulating the longimdinal growth of children. [n 2ddition
1o protein syrthests individual amimo acids are needed for other metabolic functions,
inciuding the synihesis of peplide hormones, nucleic acids, neurctransmitters 1o
contrgl brain cell communication, and other hormones,

The use of the amino acids for protein synthesis depends upon the balance of need
between the fast and slow turnever prowcins © and on the controlled changes in
synihests and breakdown ocourring in response o diewary changes 7%, The amino
acid compositign of cach proten 1s fixed so the comrolled synihesis of a particutar
array of proeing determunes the amind acids needed. If some amino acids are not
available in adequate amoons then the synihetic machinery competes for the
limiting aming acids and cannot synthesize the whaele range of proteins in the
iniended guantitics, Thus amina acid intake may be oo limited for the requirements
of the growing child or when an adult needs w produce a greater mass of specific
prodeins, €.g. during prepnancy or lactation or when responding o an infecton with
the productian of aniibodies.

Each amina acid has its own pathway for oxidation. They are metabolised and
excreted as carbon deoxide. water and as urea formed hy the liver, The enzymatic
axidative pathway of each amino acid is controlled in pan by the inflow of the amino
acid s0 an excess supply [eads w s prelerenual oxadauon, The oxidation of one
amino acid may, however, be affeced by the inflow of other dictary amine acids so
the rate of oxidation of an amino acid may not be solely dependent on its
accumulation in the cellutar pools of the tissoes.

The concept that exidavon reflects an "overflow” of an excess intake has heen vsed
0 assess amiy acd ceyotrements by monionng the oxidanive toss of sotopically
tabwelled carban or sieogen 1n e aming acid o differem levels of amino acid ioiake.
The wnal ameum of amino acid ¢mabolized o carhon dioxide and orea 1% not
cqgarvalent a the requicement Por absorbed amine a0id becguse of other imetrievable
Ilusses. Proteins are lost as hair, in skin and 1otestinal cells, in bronchial and other
secrelions und an factaunp women ay midk prowm. New prowewn focmaton Juriag
crowlh, pregnancy and early lactation also has (o be esiimaied. Amend aoids are also
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being lost from the body, as other mewabolic non-reutilizeabis products such as
creatinine and some harmenes. 1 is the wotal wtilisation of each aming acid which
determines its turnaver | the requirement is that minimum dJietary intake necded 10
supplement the body's synthesis of the amino acid and meet minimum synthetic and
catabolic processes. This approach neglects the potential need for a greater supply
than the minimum 16 stimulate the "anabolic drive”™ or Lo sustain protein synthesis
tates al 2 hagher "optimem® level than the minimum,

Adults in N balance are assumed o be eating enouph protein once an allowance is
made for the irretrievable loss of body proteins. Egg or milk protein is used since
these proteins are readily digesied with a presumed 100 % smatl iniestinal recovery
and the protcin’s arming acid composition is well balanced. The amino acid needs of
children and adulis are also wsually determined by N balance. Faecal and urinary
nitrogen auilput are determined and 1the net lass of bedy proteins and amino acids
estimated as nitrogen.

If the intake of an essenlial amino acid falls below the body's needs then the other
available amine 2cids cannot be used 10 sustain body protein metabolism; they are
therefore present in relative excess and have o0 be oxidised with further urea
synthesis and wurinary N less. Thus the N ouwipul can be monitored at dilferent
carefully defined intakes to find the level which induces the lowest yrinary N output.
This pives a value for the minimum dietary requirement and includes provision (or
other losses an skin hair and secretians 9.

Responses to a low protein intake

The body adjusts w a low prokein intake by adapting over a period of up to a2 week
duning which there is a net loss of body prowin amounting to about 1.5% of the tolal
protein mass 1Y The reduged inflow of amine acids inw the body fails 10 meet the
body's needs for prowein symhesis and amino oeids are initially oxidised by Lhe
hiphly active cawabolic enzymes. which were set au their prevailing level by the
previaus prawin intake. Protein breakdown continues despite the fall in prowin
synihesis so there 15 a net dass of prodein. However the aming acid catabolic
cryymes begin adiusting wihin hours so the experimental cvolution ol isotope from
MO or PN labelled aminp acids is rapidly reduced. As adapuation occurs there is an
immediate Gl o winary nitrogen excrelion as urea synthesss fakls and aming acid
catabahism dechines. Thus amino acids denved [rom both the diel and from prowein
hreakdoewn ure canserved and chanaclled preferentially imio protein syothesis;
activanng cnzymes for proten symthesis are stimulaied and the enzyme aclvilies
invelved mothe urea ovele and moamino acd catabolism dechinge U, The conservation
of the essenial amine acids, which 15 a fundamental feature of the mezbaolism of



Mutrtion. Chapter X: Nioten Lla12.19%9% 473

animals, including man, is aceentuated. The rates of breakdown of body proteins and
of amino acid exchange across cellular membranes are further reduced so internal
recycling of amino acids within the body's cells is enhanced. The residual amino acids
entering the blood are also preferentially channelled into protein synthesis rather
than oxidation. The faciors controlling these evenis arc largely unknown.

Il no diclary protein is given but energy intake is maintained then urinary IN falls
cven further as the catabolic 2amino acid enzymes adjust to the complewe absence of
dietary protein. This oblipatory nitrogen lass (ONL) on a protein-free diel reflects
the progresstve loss of body protein in the faeces, as urca in the udne and as
sloughed and secreted prowins. In a series of 11 swdies involving more than 200
aduits aged 22-77 years from many different countries the abserved ONL did not
differ greally (mean, 53 mg Nrkg bodyweight #d; range, 41-60 mg) and corresponded
10 a mean milk protein intake of 0.33 ofkp bodyweight fday .

Excessive intakes of protein and amino acids

Excessive prowein intake may he associated with health risks, but the Javel of ke
at which a nisk is induced and the precise role of protein in the pathophysialogical
processes remain uncenain. The principal concems relate ta the maintenance of renal
function #nd hone mass. High protein intakes seem to accolerate lass of renal
function in some kidoey diseases, but whether these effects of dielary protein are
relevant o the general population remains uncertain 12, Sumidarly the potential for
excess dictary protein 0 mobilise bone ealcium and accelerate bone loss needs
lurther study 13,

Animal studies indicate thar an unusually high intake of a single aming acid may
induce not only a lass of appetite but aiso secondary melabolic changes in
metabohsm which are disadvantageous. Recent reports of oxic effects associared
with the ingesuon of unusual amounts of Iryptophan may relale o 1oxg
contamunants but the wse of supplements of selecied amino acids in individuals on
Evuropean diets is unwisc.

Physiological requirements for protein

Early adtemprs w0 cstimare prowein requirements in adules depended on determinipg
ihe obligatory nilrogen foss (ONL) of volunteers and then adding each compoanent of
the Noor prowein loss ar exora factors, 10 was assumed that 10 of 1he milk nprotein
fed was eiTiciendy utilised. In practice the provision of milk prolein in amovunts
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corresponding (o the ONL is inadequate to induce N balance because the observed
loss of N mcreases above the ONL value. This is because the input of dietary amina
acids necessarily stimulates a modest increase in 2mino acid oxidation and therefore
a 25-30 % nse in urinary N outpul. The minimum requiremen: for totally digestible
protein of high amino acid quality is therefore greater than the ONL and it is this
higher intzke 1o maintain N balance which is taken as the minimum dictary
requirement under practical everyday conditions |, Measuring N balance is not easy
because analytical losses of distary or urinary nitrogen give the false impression of
berter N accumulation in the body. Repeated studies with short-ierm balances
mcasured over ahoul 2 wecks provide estimated mean prowein requirements of
.63 2 milk or egg protein per kg bodyweight per day. Longer term balunce studies
over 1-3 months on 34 adulis fed egg or milk prowin suggesied an average minimuem
protein requirement of 0,58 g/kg bodyweighi/d so the WHO/FAYUND Commirttce |
Chose an average of 0.6 g proteindkg bodyweigh'd as a reasonable minimuom figure
for both adult men and women.

This figure is considered to be the average minimal value of dietary prowin
compatibie with sustained nitropen balance in health. The intakes necded 1o achieve
N balance have a coefficient of variation of 12.5 %. Thus the minimum on which an
individval may sustain N balance can vary from about .45 g/kg/d 10 0,75 g/ke/d. This
upper ligure is considered hkely w cover the needs of all subjects and has therefore
heen designated a “safe” prowin intake lor healthy younp adults. The various values
{or protein inLake are included in Table 3.1.

Protein quality and essential amino acid requirements

Table 3.2 provides estimaes of the cssenuial amino acid intakes based on the
classic stuches of Rose 19 as adjusted by FAD/WHO %, Rose undertook highly
conteglled feeding studies on volentcers fod adequate intakes of all the amine acids
except the amine acid under test, Therefore the studics were not conducted under
physiclogical conditiony and hube is known of the potential impact of the
cangentration of the other aming acids on the catabolism of the resied amino acid.

Several authers have sugpested that in adults these estimates of casential amino
aid requirements are oo low. In short term balange siudies, poriflicd smino acid
mixlures cantaining mote than the corrent requirement level have fabled o allow
batance 10 Gocur, From 2 seties of recent cxperiments an the kinetics of essenual
amime acid metabolism in which the mimmal physiological requirement mapht be
obtained by estumabting the obligatory rates of oxidaign of essental aming acids,
Young e7al U5 have suggested new cequirement values which are about two ar dhree
umes higher than curment regquicement firures. However these high estmates have



Wutntion. {hapler 3: Prowein 11-13-1992 45

been challenged ¢ on methodological and theoretical grounds. The relauvely low
requirements cstimated for adults have been confirmed by 3 series of nitrogen
balance studies on normal volunteers fed norma! diels rather than punfied amino acid
mixtures 17 There seems 1o be an appreciable need for non-essential amine acids or
IN for their synthesis at low prolein intakes bur detailed sludies are siill awaited.

Chiidren

The zssessment of peeds made by the FAQMWHO/UNU Consultation ! has not been
superseded by new information suggesting the need for any changes in the protein
requirement of children. The vzlues are based on the amount of high quality cgg or
milk proiein needed for achieving N balance plus the addinonal need for growth,
Table 3.3 shows requirements for children, with a 30% increase being added to the
average requirement to take account of the day w day variability in growth. The
efficiency of utitisation was assumed 1o be 70% with all children receiving adeguate
cncrgy intakes. Breast milk N, although conwining appreciable quantiues of non-
amine N, is extremely well utilised for reasons which are unclear, It 15 therefore
unwise to rely on breast milk data in producing recommendations on protein need lor
hottle-fed babies. Table 3.3 i5 derived from the FAQ/MWHO/MUNU report ! bt taking
account of Furepean growth pailems. The values all refer to milk protein, which is
assumed w be completely absorbed. Dipesubility of dietary protein will vary (rom 80
o 100% of the reference proiein depending on the type of diet consumed; cercal diets
rich in [bre have dipestibility vatues bewween 80 and 90%. Adjustments for lower
quality protein will need 10 be made in the manner supgested by FAOAWHOIUNT 1,
where the w@l protein intake 15 increased w ensure that the intake of ecach essential
aming acid 18 equivalent 1w thal which would have been obiained from milk protein.

The essenual amine acid requirement as a proponion of the protein requirement falls
markcdly with age from 54% in infants to 14% in adults. The reason for (his 15 ngr
camplewly explained by the bipgh essentiz] aming acid requirements for prowth.
Examples of the essential amine acid reguiremenis of children sged about two years
and 10-12 years are shown in Table 3.2

Pregnancy

The extrz prowin accds i peegnancy arne wwally based on the FAOMWHO/UNU
report 'othese values having been accepurd by the National Academy of Sciences 14
The esumates of protein used are based on the original Hytten and Leach 19
vsimates of body composilionzl changes and their lkely protein content, a total of
925 ¢ accumulaied prowin being accepied by both groups. It is increasingly
recogmsad however fhat pregnancy (s associated wulh changes in promein
metabalisim which may well mercase the effciency of walisation of amino acids #9017,
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50 il may be unwise 10 consider that the accumulated protein pain has to be
superimposed on the normal protein requirement of the non-pregnant woman. Given
these unceriainties the recommendation of the US RDA commiltee 10 increase
protein intakes by 10 g reference pratein throughout pregnancy secms appropriate.

Lactation

The

The need for lacution will depend on the amaunt of breast milk provided but, with
Suilable allowances for individual variation, an extra prolein intake of 16 g/d in the
first & months is reasonable, with 12 g being needed for the second six manths of
breasi feeding when the child s beginning to derive additional nuiniion from loods.

elderiy

There are no grounds for reducing the Ngure for the protein requireenenss of the
elderly. Data collated by FAQ/WHO/UNU ! suggest that there may he 2 somewhat
greater need, but a safe adult level of 0.75 gfkp bodyweight/d wiil provide a higher
intake per kg of lean bady mass in the elderly because of their having lost lean
Lissie.
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Table 3.1  Levels of intake of high quality protein for achieving nitrogen balance

tn adults,

{g/kp bodyweight/d)

Average minimum protein 06
Requirement

Population Reference Intake 075
Lowest Threshold Intake (.45

{expressed as pid)

Males Femules
Average Requirement 45 37
Population Reference Intake 54 47

(increases, gfd)

Pregnancy 14
Laciaugn First & manths 14
Sccond 6 months 12
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Table 3.2 Estimates of essential amino acid reguirements 1

{mefkg bodyweight/d )

Chitdren | Children I0- Adulis
abont 2 v 12y
Amino acid Mean Mean Mcan Population
requirement | requirement | requirement | Refersnce
Inlake
Histidine ? ? 8- 12]* [16]*
Isoleucine 31 28 H) 13
Leucine 73 42 14 19
Lvsine 6d 44 12 16
Methioning + Cysleine 27 22 13 17
Phenylalanine + £0 22 14 g
Tyrosine
Threonine 37 28 7 g
Trypiophan 12.5 3.3 3.5 2
Valing 38 25 1) 13
Total without histidine KLY 214 34 111

Thiz figure based on work wilb children 22 remains uncenam with only limiwd

evadeney ver available on the essennality of hisndine Tor adulus.
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Table 3.3 Recommended intakes of protein in children, based on milk protein®

Ape** Bodywcight (kg) | Safc level {g protcin/ Total intake
kg bodyweight'd) (gfd)*+*
4-6m 1.5 1.86 14.0
7-9m 9.0 1.65 15.0
I0-12m 10,0 1.48 15.0
115y 1.0 1.26 14.0
1.5-20y 12.5 1.17 14.5
-3y 13.5 113 15.5
34y 15.5 1.09 17.0
4-5y 17.5 1.06 18.5
58y 19.5 1.02 200
67y 22.0 1.1 220
T8y 24.5 1.0t 24.5
89y 27.0 1.04 27.5
10 ¥ 300 0.99 29.5
Mailes 10y EXL (.99 325
1Ny 365 (.98 36.0
12y 41.0 LX) 410
13y 470 0.97 455
14 ¥ 5310 0.96 51.0
15y 58.0 0.92 53.5
6y 62.5 0.90 56.5
17 ¥ 64 .5 086 555
Females 1y 34.0 1.(K] 4.0
(1w 315 U538 .0
12y 43,0 .96 415
L3y J8.0 (344 45,0
14y 5605 (r5H) 455
15w 528 () R7 455
I y 5.0 {hH3 45.0
17y 55 A 4315

. Calcatated as i Tahles 33 and 34w PAOMTONNU repaon !
The midpain of cach ape progp was osed, exeept Tor those heboswe 2 years, where e ages uken were
fi momths, 9 months, 12 ineoths |5 yeqes (for 1023 5 wdand 20 vews ffw 1 S 20w

Ed Rownded toopegeWd N5 g
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4, [Essential fatty acids

Physiology and metabolism

[hewary fat 15 a major source of energy and also provides fat soleble vitaming and
¢ssential Tawy acids. The properties of dietary fal are primarily determined by the
composition of its fauy acids, which may be saturated {no double bonds),
mangunsaturated {one double bond} or polyunsawrated (2 or more double bonds).

Certain polyunsatvrated fauy acigs (PUFA) of the n-6 and n-3 series (with the
terminal double bond 6 or 3 carbon aloms from the methyl end) cannot be
symthesized by man and must be supplied wilh the diel o avoid deficiency, The
major PUFA in vepetable oils, linaleic acid {18:2n-6%), unil recently was thought to
be the only true essential fauty acid. Linoteic acid can be ¢onvened inte other n-6
fatty acids, such as dihomao-y-linolenic acid (20:3n-6) and arachidonic acid {20:4nr-6),
by consecutive desawration and chain clangation. These longer chain n-6 fany acids
have an even stronger essennal fatty acid activity and specific physiological
funciions 1.2,

N-& faty acids are not interconvertible with n-3 fatty acids, such as o-linolenic
(18:3n-3) found in some vepetable oils, and cicosapeniagneoic (20:50-33 and
docosahexaenoic acids (22:6n-3) found in marine fish. N-3 (aity acids must he
independently suppiied in the digr

Linoleic acid {18:2n-6) and a-linolenic acid (18:3n-3) compete (ar hinding @ the same
enzyme system, for which a-linolenic acid has a higher affinity. Excessive dietary
intakes of o-Linplenic acid in relabon o fneleic acid may reduce tissue levels of
lincleic acid mewaholies.

FUFA arg mmdispensable liped componenis of cellolar and subccllular membranes in
all ussues, The exient ta which they are incarporated into membranes consequent
upen their availability modulates a3 varicty of membrane lunctions, including
moembrane fluidity, peemeahiliny Tor melabobte exchange, activiy of membeane - hound

T Inothe shen formuola desemibing fates acwi the Bkt Digure represents e number o carkon anume,
thay werpint Tiguee aner a colon feprcecots thee omboee of dowbly bomds, and Doally the positaon of he
termayy) Jeuhle Pomel s andicaded raeap
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enzymes and receptors. electrical and homoral signal teansduction, and hence
prapertics of cells and organs '2.

Some highly unsaturated fauy acids (2(:3n-6, 20:4n-6, 20:5n-3) are also required as
precursors for the synthesis of eicosanoids. These biclogically active compounds,
which include prostaglandins, thromboxanes, prostacyclins and leukolrienes, are
regulators of the cardiovascular sysiem, blood coagulation, renal fenction,
inflanmation and immune response, and a large variely of other tissue (unctions.

The guality and quaniity of diewary fat intake is related to several risk factors for the
accurrence of coronary heart disease, This report however is restricted to the
requirements for essenual fatty acids and is nol concerned with recommendations lor
the reduction of nsk of coronary heart discase,

Levels of deficiency and excess

Climical signs ol linoleic acid (18:2n-6) deficiency, sech as growth failore and skin
changes, may develop in healthy newbomn infanes fed a diet with less than 1 % of
¢nergy as linoleic acid for 2-3 months 22 In human adults, clinical linoleic acid
deficiency has been described only in individuals with chronic disease states or after
lopg-term intravenous feeding. Minimal requirements of linoleic acid for preventing
chimeal signs of deficiency in healthy adults are not well defined. The oecurrence of
human a-linolenic acid {18:3n-3) deficiency has been reported 43 but the evidence
has been guestioned 7. Deficiency of n-6 and n-3 wvery long-chain PUFA
{retabolnes of linolelc and a-hinolenic acids) may occur during the perinatal period ?
but has not been documented in human adults. However, it must be assuemed that
human adehs do reguire a certain amount of n-3 lalty acids to replace physiological
losses (¢, g. oxidation and cicosanoid formation, losses with cecllular debris).

A large number of infants have been fed formulas with very high amounts of linoleic
actd {60 % of total fat) without the dccurence of any apparent shor erm adverse
cliects ®. Nanctheless side effects of very high consumptions of PUFA arc
voneeivable, incleding farmaution of potentially axic lipid peroxides and aheratons of
immune foncuens. Dicts with a very hieh rano of PUEA o saturated (auy acids
tRfS-rave) cause an wndesirahle decrease of high-density lipepeotein (HDL)
Chalesierol, while similar shaelute PUFA smakes with hipher fal imukes and lower
PI3-ranas are not associaed with this side effecd 101182 Hish inakes of very long-
chawn n-3 fady wcids may increase rates of bleeding and apoplecte insults. Therefore.
fbappears prudent we avend exiremely high dictary intakes of PUFA.
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An increased intake of PUFA raises the need for vitamin E o prevent unwanted
oxidation., Foriunately fugds rich in PUFA tend to conin sufficient vitamin E. but
this 15 nol always the case, and may not necessarily be so in preparations of
supplements, With high ditlary intakes of PUFA it is essential 1o ensure thal the
inake of vitamin E is adequate.

Methods of establishing physiolegical requirements

Adulits

Minimal requirements for linoleic acid in human aduhs are not well estzbiished.
There are no long-lerm studies on the amount of lingleic acid reguired o maintain a
stable hody pool, In laboraory s a low dietary intzke of linoleic acid leads o an
increase of a specilic tieneic acid (20:3n-9) and the triene-tetraene ratio {ratio
20:3n-%/20:4n-6). It has been proposed thal an increased iricnc-letraene fatio may
also indicate linoleic acid deficiency in human adulis, but there are not enough datz 10
support this assumption or to cstablish a reliable threshold level of 1his ratio above
which ciimcal signs of deficiency would appear, Therelore, lincleic acid requirements
of healthy aduls can only be estimated ronghly from the resulis of fecding studies in
infants. As a lower threshold of habitual intake below which deficiency is probable or
metabohe mwgniy is unlikely to be maintained, (0.5 % of diciary energy is suggesied.
Average physiological requirements are estimated to be | % of dietary energy. With
a ceriun margin of safety, a Population Reference Intake of 2 % of dietary coergy is
proposed,

In addition 10 n-6 fany acids, n-3 PUFA {a-linolenic acid and s metabolites) should
be supplied te replace physiciogical losses of endogenous stores. I may be
concluded feom data on current dictary habis in Europe that an intake of 002 % of
caocrgy as n-3 PUFA results in ne apparent clinical signs and appears to meet
average physiological requirements, With a certain marpin of safely, a Populacon
Reference Intake of {15 % of dictacy energy 1s proposed.

Iv appears prudent to set upper mits Tor the dictary inlake of PUFA hecause of
patential untoward side effeces of excessive consumption, such as hipid peroxidation,
nmmunosuppression and hleeding.

Adnunisteation of hsh ol providiog 1,5 % n-3 PUFA (mainly cicosapentaenoic acid Wd
over soveral months was associated with bleeding probicms in adolescems and
yvoung adults 12 Suppression of antiinfective functions of lenkocyies occurred in
human subgects corsuming diets contaming 6.3 % of eneegy as -hnolenic acid 1 or
receiving fish il supplements previding appreeamuiely 1S % of cnerpy as
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eicosapentaencic plus docosahexacnoic acids 13186 Dietary n-3 PUFA usually
consist mostly of a-linolenic acid, and only a smaller portuon is contributed by s
metabolites,

I1 iz recommended that habiweal intakes of wial n-3 PUFA should not excoed 5 % of
cnergy and inakes of towal PUFA (n-6 + -3} should not exceed 15 % of energy.

Other groups

There 15 no evidence that essential fatky acid requirements during pregnancy and
actation are different, if they are expressed as percentages of energy intake.

It has heen suggesied ® that the dielary essential {aty acid intakes for formula-fed
infants should be 4.5 % of cnergy for n-6 PUFA and approximalely (0.5 % of encrgy for
n-3 PUFA and these are now put forward as PRIs for infanis 6-11m. Population
Reference Intakes lor children aged 1-3 years should be 3 % of energy for n-6 PUFA
and .5 % of energy for n-3 PUFA. Population Reference Intakes for chitdeen from
4 years, expressed as percentages of ensrgy intake, should be the same as those for
adults.
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Summary

Expressed as a percentage of dietary encrey

Aduls

n-¢ polyunsaturated

n-3 polyunsaturated

fatty acids fatty acids
Average Requirement | 0.2
Population Reference Intake 2 0.5
Lowest Threshold Tntake .5 0.1

Pregnancy As for all adulis
Laetation As for all aduis
Children
Age n-6 PUFA n-3 PUFA

6-11m 4.5 (3.5
1-3y i .5
d-Gy 2 (1.5
T- 10y 2 0.5
TE1dy 2 0.5
1517 ¥ i T
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Theze values can be expressed for averape energy expenditures in g PUFAM,

Adults Males Females
n-6 PUFA n-3 PUFA n-fo PLIFA n-3 PUFA
Average requirement 3 0.6 2.5 0.5
Populatior Reference & 1.5 4.5 l
Intake
Pregnancy {from 10 week) 5 L
Lactation 5.5 L
Population Reference Intakes for younger age groups {g PUFA/)
Age groap n-6 PUFA n-3 PUFA

f-1tm 4 0.3

1-3v 4 0.7

4-Gy 4 t

7-10y 4 i
Muales lE-14y 5 {

15-17 ¥ 6 1.5
Females I1-14 v 4 |

15-47 y 5 1

Level above which concern should be expressed about possible develapment of

mietabolic gbnermaliiies:
n-3 PUFA

n-3 PLUIFA + n & PUFA

5% of diewary erergy

05 of dictary eoerpy
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5. VYitamin A

Physiology and metabolism

Yitamin A can be obtained in two ways: as preformed vitamin A {retinol} and as
cargteneid pigments that can be cleaved in the body to give retinol. Preformed
vitamin A (usually in the form of retinyl esters) occurs naturally only in animals. Tt is
also synthesized for forufication of foodstuffs and inclusion in pharmaceutical
preparations. Most of the vilamin A in Eurapean diets comes as preformed vitamin
A. bul a substantial coniribution is made by carotencids, mainly from plant foods,
and overwhelmingly as B-carotene, although some other carotencids can also el as
provitamins A,

The two contributions have to be added to give the 1otal vitamin A activity, The
widely accepted convention is that as they usuzlly come in the diet 6 pg B-carotene
and 12 pg aher provilemin A carotenoids can be considered 1o be nuritionally
equivalent wo 1 pg retinol. The weights of provitamin A carctenoids are convered 1o
the equivalents of retinol and added to the weight of preformed retinol, o express
the total vitamin A in erms af rednel equivalénts. e.g. an inake of 1800 ug P-
carotene plus 600 pg reuncl would amount 1o 300 + &00 = 200 up retinol
cquivalems ', Retinol equivalents are replacing the older international units (1
internatonal unit = 0.3 ug retingl) as 2 measure of vilamin A activity, in part hecause
of the problem of adding in the contribution of dietary carotenoids

Provilamin A carotenoids raise 3 difficult problem of bivavailability, Carotenoids are
absorbed better {from some [oodswulfs and diews than from others and the percentage
converied 1o retinel depends to some extent on how much is ingested in 4 meal. The
vitamin A poteacy will therefore vary quite substantially according 1o
circumstances 1, For practical purposes it is necessary to select some value that czn
be used routinely and the factors menlioned were chosen by an FAQO/WHO Expert
Group ! Taken over a perind of Ume and a variety of foodstuffs, they ace a crude bul
serviceahle compromise. They have been used for many years and are intermationally
accemed: there scems no reason o proposce any change.

The conversion ol carotenaids 10 reunol wkes place maaly 1n the intestinal mucosa.
The newly formed rennel. along with any prefomed retinol in the dier, s esterificd in
the iniestinal mucost and transporied 1o the liver, The liver is the major argan for
storage af reserves of eslerificd vilamin Ao Reninyl esters in the liver are hydralysed
to free fetnel, which s put inte the plasma or o carrier prowein, retinol-binding
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protein. The rate of outpul of retinol from the ltiver is controliad so as Lo keep the
plasma retinol conceniration fairly constant. Diclary vitamin A surplus to immediate
requircments is used 0 build up liver reserves, which can subsequently be drawn
upon during any temporary dietary shortage.

Retinol is delivered by retinol-Binding protein 10 the tssves that utilize it In the cve
it serves in its aldehyde form as the light-gathering part of the visual pigmems. In
other orpans 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 retinoie
acid, it appears 1o react with nuclear receptors to modify gene expression 2.

Levels of deficiency and excess

The reserves of reuny! eswers in the liver can be used to maintain the plasma renngl
concentration reasonably constant, so normat delivery to Largel preans can continge,
Only when the liver reserves are exhausted does the plasma retinol concenralion
fail below 20 ppid) (0.7 pmol/L) and deficiency signs begin to appear. An carly
indicalion is irmpaired adapiation (o low-intensity light {night blindness). Other signs
show, and in the later siages dryness of the conjunctiva and comea {x¢rophthalmia)
develops. which can lead to permanent eye damage.

Intakes of vitamin A in excess of needs are wsed to build up liver reserves of retinyi
esters. If however very Jarge amounts of retinol and retiny! esters are ingeswed, they
can overwhelm this liver mechanism and cause liver and bone damage, hair loss,
double vision. vomiting, headaches and ather abnormalites.

Large single doses {(c.g. 300 mg in adults) can cause acule taxiciy, but
hypervitaminosis A usually arises from chronic ingestion of retinol or relinyl esters,
noL Recessanly in very large amounts (e.g. 15 mg per day) but sufficient over a period
of time v build up sweks that exceed the liver's ability to store or destroy them *. It

has been suggested that even lower daily doses can cause liver damage il taken for
long engugh *.

Worst af all, reting] and retinyl esiers are highly teratopenic 1. probably as a
cansequence of 1he cxcessive Tormation of retinoic acid. which modulates gene
expression £ and is a natural morphogen 3 The lowest intake of reting) {free or
esterificd) thar has terawgenic potential cannotl be estimated reitably from the
avalable data. Repular consumplion of more than 6,000 HE per day has heen
assoctaled with hirth defects, but the risk scems not to be high unless much larper
ameunts are laken: chronic intakes of 30,000 pp per day witl almast cerlainly he

teratogenic .
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{t is recommended that single doses of retnol and retnyl esiers should nol exceed
12(} mg retinol equivalents. and regular intakes should nor exceed 9,000 pp/d for aduly
men, and 7,500 pg/d for women that are not pregnant or likely to become pregnant ©.
Pregnant women should not take sopplementary vilamin A except under medical
supervision, Proportionately lower amounts are suggested for children ©.

-Carotene does not cause hypervitaminosis A because 1t cannot be converted @
retinol sufficiently guickly.

Methods of establishing physiological requirements

As mentioned, vilamin A absorbed in ¢xcess of immediate needs s stored in the
liver in esterified form. The size of the liver reserve 18 therefore the best objective
measure of vitamin A status, and is commaonly vsed for post-morem swsdies.

A biochemical measure thal can be easily made in living subjects is the plasma
rcting] concentration, but this 15 an insensitive indicalor of vitamin A status, for a
homogostatic mechanism maintiing the plasma level reasenahly constant over quile
o wide ranpe of liver reserves, The plasma relinel concentradon falls to a potentizlly
hazardous level only in the later stages of deficiency, when other signs are heginning
o show,

Most recommendations for the vitamin A requirements of adults have heen based on
repletion sindies with vitamin A-depleted human volunteers. The best known are the
so-called Sheffield experiment in UK 7 and a later, and more thorough, American
mnvestigation 2 in these swdies increasing doses of vitamin A were given (o
deplewed volunteers o cure deficiency signs such as impaired dark adaplauon,
abaormal electroretinograms, follicelar hyperkeratesis and lowered blood
hacmoglobin and also 1o restore normal plasma retinol copcentrations,

Another approach suggesied by Olson 19 defines vitamin A status in terms of an
adeguate hody poal size. conveniently expressed in terms of the liver vitamin A
conient, Olson proposed as a eriterion for vilamin A sulfictency a liver concentrauan
af 20 pg retinol (or the ¢quivalent in the estedified form) per g wel weight bver. This
level for vitamin A meserves meels a number of criteria ©.

i, Mo clinical signs of deficiency have been nowed in subjects wath this hver

CORCEniralion.

2. This liver concentratign will maintam a steady-state concentration of rennal in
the plasxma abowe 200 pa/dl (0.7 pmolfL).
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3. This concentration should maintain an adull on a diet containing no vitamin A
(ree from deficiency signs for 2 period of months,

Translation of physiological requirements into dietary intake

Olson ¥ suggested a methad of calculating the mean diclary intake nceded to
maintain a liver relinol concentration of 20 Lpfg assuming that the liver reserves
represent %0% of the iotal body vitamin A and the efficiency of storage in the liver of
an ingested dose of vitamin A is 50% (reponted values 40-90%).

Studies with radioactive vitamin A in cight adult male volunteers 5 gave a mean
fractional catabolic ratc, i.c. the percentage of wnal body stores lost per day. of 0.5%.
Calculations based on this and the assumptions menitoned gave a mean dietary
intake of 6.7 ng retinol per kilogram bedy weight per day, For a 75 kg man this would
be 303 pedd; for a 62 kg waman, 415 pg/fd.

The cocfficient af variation for the rates of depletion in these experimental subjects
was about 20%. so the mean + 25D daily dictary requirement would be 503 pg + 201
for men and 415 g + 166 for women.

Although these calculations rest on 2 number of assumptions that have to be
arbttrary and will not hald tn all circumstances, the derived FEQUITEMCNLS appear
cansisient with the efiects on deficiency sipns observed in dgepletion-repiciion
stedies in human voluntcers 7®? They also provide some indication of what the
range of individual requircments might be, even though only eight subjecis were
imvestigated. Such calenlations have been uwsed as the basis of the latest
FAO/MWHO ' and UK '? recommendations,

Other reviewing bodies have preferred to base their recommendations an repletion
studics, Some indeed specifically reject the bady pool approach 119, in pant because
of somc doubis about the assumplions wnderlying the caleulations. bur mainly
becanse it was thought safer 10 have reserves in the liver higher than 20 ppfg. and
aim for a plasma retinol concentration above 30 pp/dl {1 pmolL)Y cather than 20 pp/d]
(0.7 pmal/L). Mild defliciency signs have been reported in some American volunieers
depleted of vilamin A when plasma coneentralions weee bevween 20 and 30 pgfdl
{0.7-1.0 pmal/L) ', To maintain plasma setinol concentemions over 30 pp/d! a mean
daily mtake of 90 pp appeared w be necded i adolt men; the cemem US RDA Tar
adult men is set at K00 g, For adult women it is 800 pptd 1

Replenon studies however tend to awerestimate reguirements becaose deficiency
Signs ollen tuke some ime W amprove when a small curative dose of vitamin A& is
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given, and therc is understandable refuclance to keep subjects on low intakes for
prolonged periods.

Both the body pool calculations and the inlerpretations of the resulis of repletion
EXPErimCNLS Are open Lo calicism not least because both have to be based on a small
number of subjects. There are alse differences of opinion on what criterion of vitamin
A sulficiency should be adopted, notably in werms of the plasma rennal concentration.

Altheogh a homoeostatic mechanism maintains the plasma retinal concentration
reasonably consiant in an individual, the levels differ between communitics, In
industrialised countries the values are usually high, e.g. in a recent survey in UK, the
mean plasma retinol concentrations for adubl men and women were 63 pgfdl (2.2
pumol/L) and 54 pg/dl (1.9 wmolfL) respectively ' In ather parts of the worlg much
lorwer concenirations seem compatible with normal funcuion and health. For example.
many Thais maintain concentrations below 30 ugfdl (1 umolfL) even when liver
stores are guile high ‘9

It is unclear why in prosperous communities high plasma retinel concenirations are
normal and why some such subjects when piven an A-low diet start to develap
deficieney signs at plasma concenrations well above (hose maimaining health and
normal funetion in ather ¢ountrics. The possibility should be considered that some
papulations have adapled 1o 2 high dictary intake of retinol and their high plasma
concentralions are & consequence of thal adaptation.

Europeans and North Americans are unlikely 0 need plasma cetinnl concentrations
higher than are adequate for many other nauons, The Nalional Research Council 13
recommended for USA an allowance of 1000 pg/d in order 10 maintain a plasma retinol
concentration of 30 pg/dl (1 gmol/L) in most adult men, Making reasonable
assumptipns about the coelficient of variation and the consequent range of needs,
one would predict, if this recommendation s reatisue, thal large numbers of men in
the world would receive less than the minimum necessary and vitamin A deficiency
would be [ar more widespread than 1t 15, It seems doubtful il it is necessary o
maintain a plasma retinol concentrauon above 30 pefdl {1 pmolfL) for the whole
popuiauon.

There seems no need 10 encourage high consempuon of vitamin A in Europe. Intakes
appear 0 be adequate; there s no delwieney, In Nonh America there is some
concern ghowt excessive intakes of viamin A Y This Committee 17 has adviscd
wamen who are or might hecame pregnant 1o avoid eating liver because ol its high
vilamin A ¢ontent. and  has recommonded pregnant women nol 1o take
supglementary vilamin A tn ameunts goeater than the RDA (here PRI
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[n these circumsiances it seems better to discourage rather than encaurage higher
vilamin A intakes. 1t is proposed that recommendations be based on (he body pool
proccdure as described. ie. that used by FAD/WHO % bul wilh body weights
appropriate for Europeans. The rounded off values for adult men and women,
expressed In relingl equivalents/d are:

Population Reference Intakes T pg (men). 600 up {women;

Average Requirements 500 ug {men), 400 pg (women);

Lowest Threshold Intakes MW pg (men), 250 ug {women).
Children

Whereas adult needs for vitamin A scem to be dewermined largely by the destruction
of body stores, children have a requirement for growih, bul no good evidence is
available for estimating population reference intakes for children,

Most recommendations for farmula-fed infants are based oo the zmounts ip breast
milk, ¢.p. the most recent FAO/WHQO value of 350 pg retinol equivalents/d ! This is
likely to be an overestimale as no breasi-fed infants cver show sipns of A-
deficiency, even on intakes of 100-200 pg/d "81% The value of 350 ug revnol
equivalents/d is however proposed as the PRI for infants 6-11m.

FRIs for older children are put forward 1o make a smooth transition fram the infant 1o
adult values as shown in the summary. There is hile direct evidence to SUPTHOTL
these values, but they appear unlikely 10 be underestimates; Reddy 20 has reported
that a daily inake of about 300 pg will meet the requircments of pre-school children.

Pregnancy

In pregnancy extra vitamin A is requircd for the growth of the fefus, for its
mainenince, for praviding some small reserves for the fetos, and for maternal dssue
grawth. Much of the requirement for newhorn infanis seems 1o be for prowih. The
feras grows rapidiy dunag the third tnmester, and presumably has needs nsmg
tawards these of the newborn.

Recommendations for adult females are antended 1o maintain a liver concentration of
200 pg retinol equivalents per gram wel weight, Wamen with such a Hver retingl
concentraiion would need an cxura supply of redinol w cover the demands of
pregaancy. An ancrement of HE g dadly shroughaut pregnancy would cnhance
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mzternal storage 10 provide adequate vitamin A for the growing fetus in late
pregnancy. A PRI of 700 ug retinol cquivalents per day is proposed.

Many Evropean women will have intakes of vitamin A higher than that when not
pregnant, so their habital diet will be ample for pregnancy, As mentioned, vilamin A
15 highly teratogenic, and consumption by pregnant women of more than 6,000 pg per
day has been associated with birth defects ?. Pregnant women on a good diel should
nal fake supplementary vitamin A except under medical advice.

Lacration

IT it is assurned thay 350 pg retnol s supplied in the milk, the mother needs 1o have
this replaced. The mnerement proposed throughout lactanion is 350 pg retinol
cquivalentsid.
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Summary

fall as pg retino! equivalents/d)

Adults Males Females
Average Requirements 30 400
Population Reference Intake OO 600
Lowest Threshald Intake 304 250

FPopuiation Reference intakes for other groups

Children- Age Group PRI (g retinel equivaients/d)
6-1m 330
-3y 400
4-6y 400
7-10y 500
Males 11 -idy 600
15- 17y 700
Femules 1-1dy 600
i5-17y 6N
Lactation YA
Pregnancy TOHF (unal ancake)
(Supplements o be taken
only under medical advice)
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Potentially harmful intakes of retino! (free and esterified)

Single doses should not exceed 120 mg.

Regular intakes should not be greaver than the following '5:

Adults

Men 00 upid

Women that are not pregnant or likety 1o become| 7500 pp/d

pregnant®

Infants 6-1lm 900 Leid

Children -3y 1800 pe/d
4-0y 3000 pgfd
7-10y 4500 pgid
11-17 y 6000 pg/d

Therapeotic doses may exceed these limits, but only under medica) supervision,

* Pregnanl women should not take supplementary vitamin A excepl under medical

SUNCrVISION.
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6. p-Carotene (and other carotenoids)

B-Carotene is the most abondant member of the carotencids, a proup of pigments of
which more than 500 are known. They are widely distnibuted, particulariy in the ptant
kingdom. In wrms of human netrition, interest in the past concentrated on the
function of f-carotene as a precursor of vitamin A [1 can be cleaved enzymically to
give retinol, mostly in the intestinal mucosa. Some other cargtenoads can simidarly
give rise o retinel, bot not so effectively as B-carolene. Most carotencids have no
provilamin A activity and in the past have not usually been considered in human
nulriion.

Recently however moch interest has been shown in possible functions of B-carciene
ather than as a provitamin A, Tt can acl as an antioxidant, inaclivaling certain
reaclive oxygen species such as sinpler oxygen. It can be a chain-breaking
antigxidant in a lipid environment, differing from the major fzi-soluble antioxidant,
vitamin E, in heing most effective at the low panial pressures of axygen found in
mammalian tissues '

Some of the dielary fi-carolenc s converted o viamie A, bu some 15 absorhed
intact, and increased dietary intakes are associated with increased plasma
congentrations 2.

Carotepoids that are not provitamins A but have a chain of nine or more double
tonds would be expected to have ¢ssentially the same antoxidant praperties. In
considenng the binlogical activities of f-caralene other than s a precursor of vitamin
A, one should also eonsider other dietary caroenoids. A number of carptenods are
found in human plasma and ussues, incloding B-carotene, g-carolene, lycopenc,
crypioxanthin and lutein. They may differ in mewbolism and raw of uptake by
tissues, and thes in hiological action *. f-earowene {and other carotenoids) can
therefore be comsidersd 15 among the array of aounxudanes, including vnamins E and
", which have been implicated in the protwecton af tissucs from difease processes

invedving free radweals.

Much wark wath colored cells, tissue preparations and cxperimental amimats bas
indicawed that f-carotene and other carotenmds may profcet apainst mulagens,
decrease malignant iransiormations, present the appearance «f tumours and enhance
wnmune responses, among other things *. The findings are usually based on either fa
virrn systems of the employment of moch laiger amounts of carotenoids than in a
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nermal diet, so their relevance to physiological nuiritional reguirements in humans is
uncertain.

The most persuasive nuiritional claim put forward is that a high dietary intake of B-
tarotens, or carotenoids, confers some protection against cancer. Dietary
epidemiological studies have shown Fairly consistently thar people with a2 relauvely
low inlake of (-carolene or wial carotenoids have a higher risk of cancer. especially
lung cancer 3. There is an inverse correlation belween serum B-carotene
concentration and risk of cancer 7. While there appears 1o be an inverse rclationship
between the consumption of carotenoid-containing fruits and vegelables and the
incidence of cancer, there is no procf that B-carolene or carotenoids are the protective
factor. Prospective trials of the possible health benefits of B-carotene other than as a
provitamin A are in progress. Until the results of these are known, it seems
unwarranted to make any recommendation other than to encourage the consumption
of vegetables and fruit

Yery high doses of B-carotene may wrm the skin ycllow, but are not loxic ¥,

Summary of proposals

Thete is as yet insufficient evidence to recommend the consumpuion of any specific
amount of 3-carotene, or carotenoids in peneral. beyond what is needed 10 supply
wvitamin A&,
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7. Thiamin

Physiology and metabolism ‘

\
The principal mewbelic funcition of thiamin (vitamin B} is as the precursor for |
thiamin diphosphate (thiamin pyrophosphate), which is the cochzyme for a number of

Feactions involved in carbohydrate and branched-chain amino acid mewbolism and

ceniral engrgy-yielding metabolic pathways. In addition thiamin rriphosphate has a

role in the propapation of nerve impulses in the nervaus system ', Mast thiamin in

foods is present as phosphates, mainly thizmin diphasphate. These phozphates are

hydroiysed by phosphatases in the intestinal lumen: free thiamin is absarbed in the

upper smalk intestine. The absorption of thiamin is impaired by alcohol. While

Intestinal mucosal cells take up ihiamin normally in the preschee of alcohol, there is

impaircd transport from the cells tnta (he circulation 2. Some thiamin is
phosphorylated o thiamin monophosphate during absorption. or on passage through

the liver,

Both free thiamin and thiamin monophosphate circulate at low concentratons in
plasma. bound to alhumin; they are taken up by tissues, and convered to thiamin
diphosphate (and thaamin wriphosphale in nerve tissue). Al kigh intakes. when the
albumin binding capacily is saturated, the excess (unbound) vitamin is rapidly
cxercled in the unne. A small amount of thiamin is excreled i the urine unchanged
(normally about 3% of & west dese). The major excretlory metabolite is thiochrome,
although some 20 additional metabolites are excreted tn small amounts. There 15
little storage of thiamin in the hody. and metabolic abnermalilies develop within 2
few days of imtiating a thiamin-deficient dier.

Deficiency and excess

Thiamin deficency can cesult in three distinet syndromes,

1) Benberi. a cheonte penpheral neuritis, which may or may not be associated
with heart failure and ocdema.

(111 Acwie perpicious (fulminating) beriheni in which heart failure and lile-
thregtening metahohe aeidosis predominale, with little or no evidence of
peripheral oeunits,
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{iti) Central nervous system disturbances, Wernicke's encephalopathy with

Korsakoff's psychosis. This is most commonly associatcd with aleoholism and
narcolic ahuse,

In general, an acute deficiency is involved in the central nervous sysiem lesions of
the Wernicke-Karsakoff syndrome. and a relatively high cnergy intake is a
predisposing factor. Beriberl is suore commonly associated with a more prolonged,
less severe, deficiency, wpether with a generally low food intake, A higher intake of

carbohydraic and physical activity predispose 10 the development of heart Faijure and
oedema.

The intestinal absorption of thiamin is readily saturated, and no more than ghout 2.5
mg can be absorbed i & single dose. Thiamin in the bloodsiream which is not bound
12 plasma proteins is rapidly excreted in the uring B, There is no evidence of 1oXicily
of thiamin taken by mouth, at intakes of up to 500 mgfday (for | month).

Requirements

Adulis

Because the principat metabolic role of thiamip is in enesgy-yielding metabolism. and
especially in carbohydrate metabolism, the requirement is related 1o energy iniake.
Saturation of the red ecll enzyme transketolase with its cocnzyme, lhiamin
diphasphate, provides a convenient means of assessing the adequacy of body
reserves of thiamin. This is penercally capressed us the wranskeiolase activalon
cocfficient — the ratio of enzyvme activity with added thiamin diphosphate/ that
without added cocnzyme.

Clinical signs of deficiency are seen in subjects receiving less than 30 pg/MI, so this
15 ahviously an inadequate intake. In a long-term feeding swdy. an inake of 45
Pe/M) led © a progressive decline {n urinary excretion, falling to 15 pg/24h afwr 20
months. There were no chnical sipns of deficiency, but after 30 months there was an
impairment 1n the metabolism of 3 st dese of glocose 34 This imake is therefare
marginally inadegualc.

In deplewon ¢ repletion stodies, intakes of abauw 30 pp/MT arc adeguale o mantain
urinary excretion above 15 ppfday, The average requirement far the mainenance of 3
nommal erythrocyte transkeialase aclivaton coeflicient is 72 up/MJ 56 Allowing for
individual variation. this gives a PRI of 106 pg/MJ For peaple an energy intakes of
less than & MIA, thiamin requirements may nat be related dircetly 10 energy inlake.
For them a PRE of {18 mp/d is suppested.
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Maximum activity of erythrocyle wransketolase and complete saturation of the
enzyme with ils coenzyme require an intake of 140- 190 1LgfMi 7. There is no evidence
that this cenfers any benefit, or is a desirable aim.

Other age groups

There is no evidence that thiamin requirements of woman differ from those of men,
other than as affecled by energy cxpenditure, or thar children, adolescents or the
elderly have different requirements M2 energy intake,

Pregnancy and lactation

In pregnancy and during factation thiamin requirements/M) energy intake are
unchanged. The thiamin preduced in the milk should be covered by the exira amount
accompanying the increased energy intake,
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Summary

The requirement for thizamin depends on the utilisation of cnecgy-yiclding subsirates.
It therelore increases with the energy expendiwre.

Average requirement TppgM)
Population Relerence Intake 100 pe/MI
Lowest Threshold Intake 30 pg/MJ

These can be expressed for average energy expenditure in mg thiaminfd.

Adults Males Females
Average requirement 0.8 .6
Fopulation Reference Tntake 1.1 09
Lowest Threshold Intake 0.6 G4
Pregnancy Lo+
Laciaiion 1.1

* From 10th week of pregnancy
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Populafion Reference Intakes for younger age groups

Age Group PRI (mgfd)
G-1lm 0.3
[-3v 0.5
4-6y 0.7
7- 10y 0.8
Males 11-14y L.0
15-17y 1.2
Females 11- 14y 0.4
13-17y 0.5
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8.  Riboflavin

Physiology and metabolism

Riboflavin is the precursor for the synthesis of two coenzymes, riboflavin phosphate
(flavin mononucieotide, FMN} and flavin adenine dinucleoljde {FAD), and
covalently hound flavin prosthelic groups in enzymes. These (unction in z vanety of
tnzymes calalysing oxidation and reduclion reactions and cleciron transport;
riboflavin is thus involved in a wide variety of metaholic pathways, including the
bBiosynthesis and catabolism of amino acids, fauy acids and carbohydrates.

Apart from milk and eggs, which contain a relatively large amount of dbofavin bound
to specific binding proteins, most of the riboflavin in foods is as shollavin phosphate
and FAD bound to enzymes. Afier release by digestion of the ERZYME proteing, the
vaenzymes are hydrolysed in the intestinal lumen by phosphatases. The resubiant
[ree nboflavin is absorbed in the upper small intesting by an active process,

Ritoflavin is transported in plasma both as the free vitamin and as COENZYMLE,
largely bound to plasma proteing, There is rapid excrction Trom tssues of any
ribaflavin which is not bound 1o cnzymes, and hence lunctionally active. Riboflavin
and riboflavin phosphale which are not bound o plasma proteins are rapidly excrewd
by the kidneys. both by simple filtration and by active secretion ino the urine. Active
resorption of nboflavin fram the wrine is salvrated at normal plasma concentrations of
the vitamin. and so is mainly imponant in deficiency, acting to conserve (he vitamin,

About 25% ol the urinary excretion of riboflavin is as the unchanged vitamin; the
remainder is excreted as a variery of metabolies. There is litle or na storage of
riboflavin in the body. any surplus intake is rapidly excreted. Onee intake is adeqguate
W0 meel requirements, the urinary excretion of the vitamin reflects intake wntl the
capacity for intestinal absorption is exceeded. There is very efficient conservation of
tissue riboflavin in deficiency; as the viamin is released by protein breakdown. i is
re-used in the synthesis of new enzymies, Only that relaively small proportion which
1% covalently hound w eneyme prateing cannot be oe-utilised 1.

Deficiency and excess

Ribollavin deficiency is characterised by lestons of the margin of the lips {cheilosis)
and carners of the mouth {angular stomatins), a painful desguamation of the tonguc,
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s0 that it s red, dry and alrophic, and a seborrhosic dermatitis, with Giliform
excreseenees, There may also be conjunctivitis, with vascularisation of the cornea
and opacity of the lens, leading to the development of calaract. On a giobal scale,
riboflavin deficicncy is common, yet never seems to be fatal, since there is very
efficient conservation and rcutilization of riboflavin in tissues when the dietary inake
15 inadeguatc.

Ribofavin deficiency can also resolt in secondary deficiency of iron, leading o
anaemia, iron absorption is impaired in deficiency, and the utilisation of iron reserves
also requires nboflavin, Similarly, riboflavin deficiency can result in impaired
formation of the active metabolite of vitamin B, and can thus lead 10 sccondary
vitamin By deficiency, and can also impair the metabolism of tryptophan, so leading
o development of the tryplophan-nizcin deficiency disease pellagra 2,

Inadequate rihoflavin inlake can be demonsirated biochemically by measuring the
erythrocyte glutathione reductase (EGR) activation coefficient. EGR 5 an enzyme
which has FAD a5 a coenzyme: addition of FAD in vitre increases its activity. The
size ol the aclivation coefficient 15 inversely related (o riboflavin slalus,

Riboflavin has a low solubility in water, and there is only a limited cspacity for
apsorpuon, There is also rapid excretion of any nboflavin not bound to cnzymes. This
means that there is litde or ng accumulation or storage of the vitamin in the bady,
and 1here is no evidence of any toxicity of riboMavin taken by mouth, There is some
concern about the safety of high doses of nboflavin givern 10 infants undergomg
phaowotherapy Ior neonatal hyperbilirubinaemia.

Requirements

Adult males

A numb¢e al swdics of subjects maintained on controbed 1makes of dboflavin aver
several months, conducied in the 19405 and 19505, defined the requirements of male
adulis.

Long-term studies of subjeets maintined on controlled mtakes of dbofavin show
that L35 mafd s inadequate @ prevem signs of delicienoy. Tntakes of 0.7 mpfd do not
result i defwweney signs over 41 woeeks, while in 22 suhjecs maintained on 00.75-
(LES madd, dehoiency sipns were seen e only one. Epidemislogical studies show that
chimcal signs of defliciency are apparent i subjects whose habiwal inake is beiween
0 5-0.8 mgfd, hut nat wt higher intakes 4.
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i1 is thus apparent that a ribollavin intake of 0.55 mp/d iz inadequaie, and intakes
between 0.55-0.8 mg/d are marginally adequate. In subjects maintained on graded
intakes of riboflavin from 0.55-3.55 mg/d, there is 2 clear inflection in the relationship
between intake and excretion, with a considerable increase in the excretion of the
vitamin as inlake is mereased from 1.1 10 1.6 mg/d. At intakes of 1.1 mg/d and below,
only 2-7% of a iest dose is excreted over dh, and basal cxcretion is below
100 ng/24h. At intakes above 1.6 mp/d, 23-37 % of the 1est dose is recovered in the
urine over 4h, and baszl excretion begins 1o increase with intake ¢

There is no informaticn on the excretion of riboflavin at intakes between 1.1 and
1.6 mp/d. Nevertheless, it is clear that intakes below 1.1 mg/d may be adequawe 10
prevent the development of deficiency signs, but do nou fill tissue reserves, while
intakes above 1.6 mg/d are more than is required, so the excess is excreted. By
interpolation, the ‘critical imake’ at which excretian increases sharply is 1.3 mgfd,
and this 13 taken as the average requirement for aduli males 5,

There have been no detailed studies of riboflavin requirements of adulis 30 which the
EGR activation cocfficient has been used as an index of status. In one réport an
intake of 0.53 mg/d resulted in a significant elevation of the activation cocificient in &
weceks. showing that this leve! of inlake is inadequate 10 prevent the depletion of
hody reserves and the development af hiochemical deficiency 5,

Becauvse of its cenural role in energy metabolism, it has been conventional 16 EXPICSS
riboflavin requirements on the basis of energy intake. However, flavoproleins are
also involved in a large number of other reactions, so niboflavin requiremeants zre not
related only o energy expenditure. The recommendations here are therefore not
being given in terms of enerpy.

The average requirement of adult males is being 1aken as 1.3 mp/d, as mentioned
above. In the urinary cxcretion siudics 1.6 mg/d appeared 10 be adequate for 3]l adunt
males, and 1his is given as the PRL

Deficiency is highly probable on intakes of less than 0.6 ma/d, and this is taken as
the Lowest Threshold Intake.

Adult females

Although not canclusive, there is 2 fair amount of indirect evidence that the daily
amounts of nheflavin required by women are lawer thun for men, One would expect
this @ priori, and other reviewing bodies have reached this conclusion. The
recommendations for adult women are therefore reduced 1n amounis per day helow
thuse of men. roughly in hine with body weight. The Averape Reguirement for women
s therefore given as 1.1 mg/d. with a Population Reference Intake of 1.3 mg/d. The
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Lowest Thresheld Tnwke is not redeced below 0.6 mgfd, in the ahsence of any
information that it would be safe w do 50 in women.

Children

These are no good data on the riboflavin requirements of children, The PRIs given
ar¢ denved [rom those of young aduls on the basis of energy cxpenditure,

The PRI for infants 6-11 m is based on the finding that Gambian infanis in their first
12 months receive 0.2 mg/d. and have a raised EGR aclivation coefflicient, Increasing
their inake o 0.4 mg/d restored the EGR activation coefficient satisfactorily 6.

Pregnancy and lactation

The

Fregnancy is associated with an increased EGR aclivation coefficient, and in
populations where riboflavin intake is marginal elinical signs of deficiency are seen in
Pregnanl women as parturition approaches. Post parfum the deficiency resolves,
despite continued low intake of the vitamin, and sceretion of considerable amounts
into the milk. While modest supplements during pregnancy prevent the development
of deficiency signs. relatively large amoents (about 2.5 mp /d} are required w
maintain the EGR activation coefficient within the range seen in nan-pregnanl
women 2, EGR activation coefficient data are therefore not baing used in making a
recommendation for prepnancy,

The demand for increased tissue synihesis by the fetus and the mother is estimared
as 0.3 mgfd, making the PRI for pregnancy 1.6 me/d.

The nibaflavin content of breast milk varies considerably, being strongly influcnced by
the mother’s recent inake. An increment of (.4 mgfd is proposed during lactation, 1o
meet the increased mertabolic hurden and provide an adequate amount in the milk,
giving aFRIof 1.7 mpdd,

eiderly

There is no evidence that the ribofavin requiremems of the elderly are preater than
For younger people.
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Summary
(arnounts as mgfd)
Adults Males Females
Average Requirement 1.3 1.1
Population Reference Intake 1.6 1.3
Lawest Threshold Intake 16 .6
Population Reference Intakes for other groups
Age Group PRI (mg/d}
6-1Im 0.4
1-3y ER S
4.6y 1.0
710y 1.2
Males 11- 14 y 1.4
1517y L6
Femuafes 11-14 ¥ | I
1517 y 1.3
Pregnancy 1.6
Lactation i.7
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0. Niacin

Physiology and metabolism

Twao related compounds, nicolinic acid and nicounamide, have the biological activity
of niacin. Niacin is not strictly a vitamin, and there is no abselute requirement for a
source of preformed nicotinic acid or nicotinamide in the diet; nicotinamide can be
synthesised from the esscntial amino acid tryptophan, Requircments for tryptophan
and niacin mnst therefore be considered logether, and are gencrally expressed as
‘niacin equivalents’ — the sum of preformed niacin plus that previded by endogenous
synthesis from tryptophan.

The melabolic function of niactn is as the precursor of the nicotinamide nucleotide
coenzymes, NAD (nicotinamide adenine dinucleotide) and NADP (nicotinamide
adenine dinucleoude phasphate), which are involved in a wide varkcily of oxidation
and reduction reacuons,

In addition 1o 18 role in such reactions, NAD is the source of ADP-ibose for the
DNA repae mechanism which is activaled by a vanety of DNA-breaking mulapens
and other toxing, Much of the nicotinamide released by this paly-(ADP)-ribosyl
transter reaction is metabolised lorther and excreted, so n is likely that heavy
exposure 1o such toxins will increase niacin requirements. There is little evidence
that this is nutritionally significant, although woxins have been implicated in the
actiology of pellagra in people whase intake of tryptophan and niacin is marginal.

Mosi of 1he dietary preformed miacin is present in foods as the nicotinamide
nucleotide cocnzymes. These are hydralysed by intesitinal enzymes, and the
resultant nicotinamide is absorbed cither wnchanged ar as nicolinic acid alier
deamidation. The niacin in ceraals 15 largely present as a glycoside of nicotinic acid,
riacyun. A small proparton of thig 15 hydrolysed by pastric acid, and maore free niacin
may he hberaed in conking, bur W% of the apparent niscin conwent of cereals canno
be withised. and hence s hologcalty unavailable. The preformed niacin of cereals g
wsually ipnored 1o caleulating imakes.

Tissues can take wp enher mconinw acid or micounamide (rom the circolation, and
unilise them for the synthesis of the micannsmide nuclcotide coenzymes. The liver
has only a very Bmited capacity for macin pprake. and fupctions mainly W release
nwntnamide and picotnic acid synthesised trom wypiophan, 1oto the circulation for
use by other fissues.
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Tryptophan which is noi required for net new prowein synthesis or the synthesis of
specialised metabolites (ie, both ‘surpius’ tryptophan derived from the diew and ihat
relcased by the warnover of tlissue proteins) is oxidised in the liver, This is the fawe of
about 99% of the 1otal dietary intake of uryptophan of an adull in nitrogen halance b

The oxidative pathway of tryptophan metabolism leads either to complete uxidation
or to the synthests of the nicotinamide ring of the coenzymes, Therefore, the amount
of nicotinamide coenzymes formed from tryptophan changes with the amount of
trvptorhan available. At normal intakes of tryptophan, aboul 60 me dietary
tryptophan is equivalent to 1 mg preformed niagin, although there is considerable
vanation around this figure. The ratio of 60 mp tryptophan equivalent 1o 1 mg
preformead niacin 1s an over-estimate of the mean requirement, including a ‘safely
margin’ to cover individueal vanation &4, By conveniion, the total niacin equivalence of
a dict is taken to be the sam of preformed niacin (neglecting that in cercals) plus
/64 of the {ryplophan content,

Nicptinamide arising from the breakdown of the coenzymes which is not required for
the synthesis of new coenzyme, and surplus nicotinamide fraom the diet, are mainly
convered w N -methy] nicotinamide in the liver. NU-Methy!l meotinamide may be
rither excreted unchanged or may anderge further metaholism to methyl pyridone
carboxamide hefore excrelion.

Deficiency and excess

An inadequatc intake of both aryptophan and preformed miacin leads 1o the
development of the deficiency disease pellagra. Diseases invelving impairment of the
oadative mewabolism of typlophan, drugs which inhibit vzymes in the pathway or
deficiency of ribnflavin and vitamin B, both of which are required for the synthesis of
micolinamide nuclewtides Mom aryplophan, can also result in the development ot
pellagra,

Pellagra s charactensed by a phowsensiuve deemanns resembling severe sunhuen,
normally reswiricted 10 arcas of the skin dircelly exposed o the sun, although physical
rressure on the knees and elbows, and abrasion by clothes around the wrists and
ankles, can lead 10 similur skin fesions im deficient suhjects, Advanced pellagra also
mvplves 3 characwensoe depressive psychosis or dementa. The psychosis may also
develop in the absence af skin lesions m subjeas mot expased 1o sunlight. Uneeated
pellagra is fatal because of dhe severe mmpairrment of micotinamide nucleotide-
FEQUIFANE reacuons in enerpy metgholism,
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Nicotinic acid in modcst doses causes a marked vasodilatation, with flushing,
burning and itching of the skin, Very large single doses ol nicotinic acid may cause
sufficient vasodilatation to lead to hypoiension; after the administration of 3-6 g of
nicotinic acid daily for several days the effect wears of . Nicotinamide does not have
this effect.

Dases ol nicotinic acid, but not nicatinamide, of 3-6 gfday have a modest, but
poentially uscful, hypocholesterolaemic and hypolipidaemic effect. AL this level of
inlake there is evidence of liver damage and even clinical liver dysfunction. Usc of
sustained release preparations of micetinic acid providing more modest intakes of the
vitamin (3K} mg/day) may alsa result in liver damage as a result of pralenged high
concentrations in blood and tssues 4,

Requirements

Adults

The only data available on which to base esumales of niacin requiremenis are the
resuis of depletion-repletion studies in which the amount of preformed niacin or
tryprophar reguircd 10 restore normal’ excretion of N'-methyl nicotinamide and
rmcthyl pyridone carboxamide was dewrmined 23,

In subects recciving 1 mg niacin equivalenis /M), the uninary excretion of N1-methyl
nicolinamide fell 1o the upper timit of that seen in pelizgnins, althowgh none of the
subjccts showed clinical signs of deficiency. Adequaie excretion of Nl-methyl
nicolinamide is seen in subjects receiving 1.3 mg niacin equivalents /MJ. Allowing lor
individual variation, the Population Reference Inlake is based on 1.6 mp nizcin
equivalente /M) energy expenditure.

For people on low energy diets, niacin will be required for the metabolism of 1issue
reserves of metabolic fuels. I is possible 1hai the requirement far those habitually on
intakes helow 8 MJ/d alsa may not be covered by 1.6 mg niacin equivalens /M), For
such groups a PRI of 13 mg miacin eguivalents fd is sugpesied.

IUis Dikely dhat theee s o reguirement (or any preformed niacin in the diet onder
normal condions, and that endopenouws synthesis from iryplophan will meet
reduiterments, Average prowein inttkes in the BC are ahout 15% of enerpy intake. On
the assumplion thar diclary protein provides 14 mp trypuophan fp (a8 conservative
estimate), thas cepresents 2 mg aia¢in eguivalents /M energy intake {rom diciary
tryprophan, greater than the Populatien Reference Imake wiathouwl any preformaed
dictary nacin.
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Other age groups

There 15 no evidence that any other group of the population has a requirement for
niacin dilferem from thal for adull men, other than on the basis of encrgy cxpendilure,

Pregnancy and lactation

The hormonal changes associated with pregnancy increase the efficiency of the
$¥nthesis of nicatinamide nucleclides from wypophan. There is thus ng increased
requirement for niacin in pregnancy. In lactation the Population Reference intake is
for 2 mg niacin equivalenis /d above that calculated on the hasis of energy intake 1o
allow for the vitamin secreted in milk.



Qg

Reports of the Seientific Commitiee for Eood. 31t eries

Summary

There 15 no absolule requitement lor preformed niacin in the dict, since endogenous
synthesis from normal ntakes of trypiophan is more than adequale o meet
requirements, There 15 a reguirement for an adequate intake of wryptophan plus
niacin, apart from the requirement for tryptophan as z2n essenual amino acid for the
matnienance of nitrogen balance. Population Relerence Intakes are hased on the
ratio of 60 mg dietary iryptophan equivalent (0 | mg preformed niacin (i.e. to1al niacin
equivalents = preformed niacin + 1/60 x wryptophan), and assume that intakes of
riboflavin and vitamin By are adequate.

Average Reguirement 1.2 mg macin equivakents /M)
Population Reference Intake 1.6 mg niacin eguivalents /]
L.owest Threshold Intake 1.4 mp macin equivalents /MJ

These can be expressed for average energy cxpenditures as mg niacin equivalenis/d,

Adults Males Females
Average Requiremeni 15 Ll
Population Reference Intake 18 14

Lowest Threshold Intake L1 9
Pregnancy 14
[.actation 16
Harm{ul effects =5 mgfday as prefermed micotimic acid
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Population Reference intakes for younger age groups

Age Group PRI (mg niacin equivalents fd)
6-1lm 3
B F-3y 9
d-by Il
T-10y i3
Males li-14 v 15
15-17 v &
Females 11-14 y 14
1517y 14
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10. Vitamin B

Physiology and metabolism

Six different chemical forms of vitamin B, occur in loods: pyridoxine, pyridoxal,
pyridoxamine and their phosphates. They are readily interconvertibic in the body.
giving nse to the metabolically aciive cognzyme pyridoxal phosphate,

The principal metabolic function of pyridoxal phesphate is as the CORMNZYME in
reactions of aming acids. It is also required for the enzyme glycogen phosphorylase
in muscle and kiver, und in the metabolism of polyunsalurated fatty acids and
phosphalipids, and has a role in the function of steroid hormanes, acting 1o release
harmone-receptor complexes from tight nuclear binding, and so erminate the actions
nf the hormane 12,

The phasphate fomms of vitamin By are dephosphorylated in the intestinal lumen:
pyrdoxing, pynidoxal and pyridoxamine zre all laken up from the small intestine by
an energy-dependent process. The various vitamers are readily converted to
prridoxal phosphate in tissucs. Pyridoxal phesphaie which is not bound to ENZYMIES
i tissues s oxidised to 4-pyridoxic acid, the major metabalite of the vitamin

cxcrewed in the unne.

A proponion of the vitamin By in plam foods is biclogically unavailable, because it is
present as pyridoxine plycosides which are not hydrolysed by intestinal ENZYMes.
White the plycosides may be absorbed. they are nol used in the hody, hut are
excreted unchanged in the urine.

Some 80% of the body's vitamin By is associzted with the enzyme glycogen
phosphorylase in muscle. As glycogen reserves are depleted in prulonged fasiing, so
the vitamin is released from musele, and made available for the synthesis of plucose
from aming acids in the liver. However. muscle pyridoxz] phosphate is not released
in vitanun By deficiency. so the muscle reserves cannot he regarded as storage of the

VIR,
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Deficiency and excess

Giross clinical deficiency of vitamin By is extremely rare; the vitamin is widely
distribuled in foods, and inwestinal flora synthesise relauvely large amounts, some of
which may be available.

Much of gur knowledge of human deficiency comes from an ‘outbreak’ in ihe early
1950s, resalting from an infant milk preparation which had underpone severe heating
in manufaciure, leading to the formation of a biolopicatly inactive complex between
pyridoxal (and pyridoxal phosphaie) and lysine in proteins. In addition 1o
abnormalilies of the metabolism of tryptophan, methionine and other amino acids, the
alfecied infants convulsed. They responded to supplements of vitamin B, 2.

Intakes of vitamin By in excess of 5K mgfday are associated with the development
of peripheral sensory neuropathy, which is only partially reversible on return to more
appropriate intakes . Similar symptoms have been reported in subjects laking doscs
of 50-500 mg /day. Intakes of more than 50 mg fday must therefore be regarded as
potentially harmful 3.

Requirements

Adults

Although 80% of the body’s vitamin By is 1n muscle, this pool terns over relatively
slowly, and requirements are closely related w profein inake. AUcmpts to estimate
requirements by measurement of the tumover of body pools have not yielded uwseful
results, and current esiimales are hased on changes in tryptophan and methioning
metabolism, and the decline in blood concentrations of vitamin By dunng
cxpenimental deplenon / repleagn siodies.

Biochemical indices of vitamin By status decline more rapidly i subjects recciving
high protein tmakes (R0-160g fday) than in those receiving low intakes of praten
{30-50g fday}. Similarly, restoration af indices of vitamin By nutnitienal siains dunng
repletion accurs faswer in subjects receiving lower intakes of prowin 789 Such
studics sugpest thar the average vitamin By regquirement 1s 13 pgfy dictary proiein.
Allowing for individual variation gives a Populanon Beference inake of |5 pg vitamin
B./g dictary protoin, and supgess a Lower Threshold Intake of 1] upfg protem,
althouph there is no experimemal evidence o support this lower figure.



Nubitien. Chapter 1 Vilamin Bg  11-12-1952 95

The relationship with protcin intake may not be valid at tow intakes of protein, or
under conditions of restricted food jmake, when amino acids will be catabolised for
encrgy-vielding metabolism.

High-ocsirogen oral conliaceptives canse changes in tryptophan metabolism which
have been widely interpreted as indicating vitamin By depletion. However, relatively
targe intakes of the vitamin are required to normalise ryptophan melabolism in
women Taking oral contraceptives, and other indices of vitamin B, nutritonal status
arc generally unaflecled by conlraceptives. It seems most likely 1hat the
derangement of Iryplophan mewabolism is duc to direct effects of oestragens or their
rmetabolites on tryplophan metabolism. There is no evidence for an increased
requirement for vitamin By in women using oral contraceptives 2,

Children

There is no evidence that children have a requiremment for vitamin By different from
that for aduits, i.e. a Population Reference Intake of §5 pg/g dietary protein. It is
reazondble to assume that children in the EC have a diet similar o that of adults,
providing some 15% of encrpy from protein.

Pregnancy

Plasma concentrations of pyridoxal phosphate fall markedly and pragressively
through pregnancy, although erythrocyte transaminase activation coefficients and
cxcretion of 4-pyridoxic acid are normal. The drop of plasma pyridexal phospharte
appears 10 be a consequence of the preferential uptake of the vitamin by the fetus,
and a normal feature of pregnancy. Supplements of 2.5.4 mg/day are required o
maintain the plasma concentration of pyridoxal phosphale a the pre-pregnancy
fevel 10, This is considered neither necessary or desirable. and the same PRI is
propased for pregnancy as in non-pregnant women — 15 pg/p dietary protein. On the
extra pratin intzke recommended during pregnancy, this will result in an increase in
the amount of dietary vitamin B,

Lactation

There is no evidenee that vitamin B, metaholism is changed by laclation, and there
appuars to be ra reason for changing the recommendation from that for non-lactaiing
women — |5 g /g dietary protein, This will peovide vitamin B, at a higher level than
ts seereted in milk, and the extra protein intike recommended during laciation will
Tesullin anancrease in the amount of dietary vitamin By,
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The

elderly

There is a fall in the plasma concentration of pyridoxal phasphale with increasing
ape, but erythrocyte transaminase activalion coefficients do not show a similar
chznpe. There 15 some evidence of age-related changes in the metabalism of the
vilamin ?, bot there are no good grounds for believing that ageing increases the

vitamin Bg requirement beyond that for younger adults.

Summary

Vitamin Bg requirements {expressed in weight of pyridoxine) vary with prolein

imlake in all groups.

Average Regquirement

13 pg /g proten intake

Population Reference Intake

15 pg /g protein intake

Average protcin intakes in the EC are 15% of energy intake, On this basis, and vsing
avClage energy requirements, vitamin Bg requerements of adulis can be expressed in

mgfd,
Adults Males Females
Average Requiremend 1.3 1.0
Fopulation Reference Intake 1.5 LI
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Population Reference Intakes for other groups

Ape Group PRI {mg/d)
6-11m 0.4
1-3y 0.7
d-6y (.9
7-10y 1.1
Maley 11-14 ¥ 1.3
[5-17 ¢ 1.5
Females 11-14 ¥ 1.1
15-17 y 1.1
Prcgni{ucy 1.3*
Laciation l.4*

“ Based on protein increments in pregnancy and lactation,

High iniakes

Iotakes greater than 500 mgdd are associated with neurological damage and imakes

of more than 50 mg/d are potentially harmiul in adulrs.



98

Fepors of e Soentific Commatize For Food- Ysi eerics

10

References

Bender DA, (1989). Yitamin Bg requirements and recommendations.Eur J Clin Nurr,
43: 289-309.

Hender DA (1987). Oestrogens and vilamin Bg - actions and interactions. World
Rev NMutr Dier, 51 140-188.

Coursin DB, {1934). Convulsive seizures in infants with pyridoxine-deflicient diet.
JAMA, 154 406-408.

Schaumburg H, Kaplan J, Windcbank A, Vick N, Rasmus S, Pleasure D, Brown M,
(1983). Sensory neurgpathy from pyridoxine abuse, a new megavitamin syndrome. N
Engt f Med, 309: 445-44%.

Dalton K, Dalion MIT. ¢1987). Characterishics of pyridoxine overdose neuropathy
syndrome, Acta Newrol Seand, 76: B-11,

Canham JE. Baker EM, Harding RS, Sauberlich HE. Flough HC. {1969} Dietary
protein — its relationship 1o vitamin Bg requirements and function, Ann M YV Acad Sei,
166 16-29.

Kelsay I, Miller LT, Linkswiler H. (1968). Effcet of protein intake on the excretion of
quinolinic acid and niacin metabelites by men during vitamin By depleuton. J Nurr, 94:
27-31.

Kelsay J, Baysal A, Linkswiler Ho (1968). Effcct of vilamin By deplenon on the

pyridoxal, pyridoxamine and pyridoxine conent of the bload and urine of men, J Mur,
Yq; 49]-494.

Milier LT, Linkswiler H. {19471 Effect af prodein intake on the development of
ahnormal tryplophan metabolism hy men during viramin By, depletion. f Mutr, 93 53-
59

Lee CM. Leklem JE. (19%5). Maficrences in vitamin By stalus indicilor responses
hetween young and middle-aged women led constant diets with two levels of vitamn
By Art f Clin Murr 422 226-234



99

11. Folate

Physiology and metabolism

Metabolic functions

Folalc is the general name given to compounds with nutridonal propenies similar to
those of folic acid {pleroylglutamic acid). Besides folic acid itsell, with ane glutamate
restdug, there are other forms with a varying number of extra plutamates anached.
Reduced derivatves of these participate in enzymic reactions providing single carbon
onits for DNA and ENA bicsynthesis and methylation reactions 1.

Absorption and metabolism

The enzymatic interconversions in which the folate cofactors panicipaie involve eight
forms of the vitamin. Many of these are easity oxidised, some 10 forms thae can
subsequently he reduced and which are thus nutritionally active, others to
calabalized products which are inactive 2. The extent 1o which these axidations occur
wiil have a profound effect upon the folate ulimately available fraom the diet. This in
turn will depend upon not anly the forms of the cofactor predominating in a particular
food but also the length and conditions of storage, the presence or absence of natural
or added antioxidants elc. All natural folales exist as polyglutamyl conjugaies,
These extra glulamates may get removed either during storage and provessing of
food or by conjugases that are present in the human imesting, At physiological
concentrations only folates containing a siagle glulamyl residue are absorbed into
the circulation, usually after conversion 1o the 5-methyletrahydro form. Human cells
depend principally uspon the vptake of 1his circulating 5-methyitetrahydrofolae lor
their supply of the viamin,

The folate coment of the diet 15 usually estimated by microbiolngical methods which
may underestimate the true canent of folate in lood by as much as 20%:-30%, Some
foods but mor others contain factors that inhibit the inwstnal folate deconjugation
enzymes thus decreasing absorption 3. The degree of inhibition varies considerably
leomn Tod o food, with some [oods, Tor example beans, giving 20% inhibition while
values as preat as #0% are Tound for orange jutee. There is also a solid body of
cvidence that polyglutamyl forms of Tolawe are less well absorbed than
manoglutamies even in the ahsence of such inhibilors, Straight camparisans of lolic
scid contaiming one plutamyl residue with the comesponding heptaglulamyl lom have
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indicated the latter to be some 58-79% as available as the former, However, an
impoctant new approach has recently been introduced, namely the comparison of
vanous folate forms labelled differently with deuterium, which [ound that folate
hexaglutamate was only 50% as available as the monoglutamate when given in pure
forms at physiological concentrations 4. This value indicates an even lower
availability of polyglutamyl forms than previously expected. Thus there are three
arcas where calculations based on mean requircment must be adjusted to get mean
dietary requirement. There is probably an underestimation of the ameunt of folate in
food. Inhibilzon of intesiinal conjugase would decrease the availability of folate
polyplutamaies, Finally even in the absence of such inhibitars folale palyglulamaes
are prohably only 50% as available as the corresponding monoglutamaies, upon
which some of the mean requirement caleulations are based. Factors one and two
work in the opposite directions and may cancel cach other ou, leaving a 306k overall
adjustment as being an acceptable correction faclor.

Deficiency and excess

Folate deficiency decreases DNA and RINA bhiosynthesis, and manifests itself most
obviously in cell types that wm over rapidly, such as in the hone marrow, thus
causing anacmia.

3-Methylteteahydrofolate is involved in providing, via methionine. methyl groups for
many methylation reactions; these systems will fail however only in severe
prolonged folawe deficiency.

A “pseudo folate-deficient™ state 15 seen in By, deficiency, because cells fail to
handle lolate normally, resubting in the signs of folaie deficiency. There is however no
dietary deficiency of folate; the condition is cured by vilamin B, The hacmatological
ptoture can however be improved by high inlakes of folic acid liself, which is
particularly cffecuve in this role. Large dases of lolic acid. which is the synthetic form
in supplements, can therefore prevent the timely diagnosis of vitamin B, deficiency.
allowing the neuropathy which also occurs to procesd undiagnosed, only to emerge
at a much more advanced stape when is effects are largely imeversible.

High levels of folic acid around 3.0 mg per day have been used in pregnancy for
penads of several months without any apparent il effecis. Thus in normal subjects
levels of up 10 5.0 mg per day would scem o be well tolerated 7. There is evidence
thal bigh levels of folic acid increase (it frequency in epilepuics ¥, There is also the
cerimnnty thay such high Ievels taken on a danly hasis would mask the emergence af
vitamin By, deficiency, Al lower levels of 100-200 ug of folic acid per day ths
masking would be less likely. Since a part of the neurological damage in B,
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deficiency is largely irreversible, it is scrious if allowed to go undizgnosed and
untrezled. Vegans and the elderly, being at increased risk of vitamin B, deficiency,
should avoid large daily intakes of folic acid suppilements. However folic acid
supplements of around 400 pg per day are in widespread use, particularly in the
United States, and it is claimed that there is no evidence of their masking pernicious
anacmia at that level 6,

Physiological and dietary requirements

Adults

Folawe status can be measured from the concentration of folawe in serum, bui the
level of folate in the red bleod cells gives a much closer estimate of tissue stores 1,
Red ccll folae values above 150 pg/L are an indication of sufficiency 1, However
there is n¢ clear borderline separating the nermal population from those with ¢linical
sipns of deficiency 1. Approaches using depletion of folate 52 and considerations of
folate catabolism 1% suggest daily requirements of 50-100 pg.

The level of oral [olic acid required to treat folate deficiency in an adelt man has been
reported as 50 pg/d. A swdy of 2 group of normal volunteers found higher armounts
were needed — 75 pgfd 140 A limnied study oo three normal women showed that on a
daily intake of 50 pg foliv acid their red cell folale remained in the normal range but
respeclively fell or rose au levels of 25 or 100 ppsd 12 A different study on four
women indicated tha their plasma levels were stabilized by B0 pg pure folic acid and
20 ug dietary folate daily 14,

From these studies with folic acid, the mean requitement for an adult is taken to be
70 pgfd. As discussed above, one would expect this to be twice as available as food
folaie. The mean dietary requirement of folate would therefore be 140 patd.

Dietary recommendations for folate have aflen heen suppored by values for the
intzkes of folate observed in individuals and groups that elearly receive adequate
amounts af the vitamin. It is prabably unwise 10 rely on this approach as the values
vhtained for feod [okawes may be substapial undecostimares because af the
uncergintics of the analytcal procedurcs.
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Children

In a study of infants between 2 and 11 months 3.6 pg folic acid per kg body weight
per day appeared to maintain plasma levels 13, Infants betwean 6 and 11 months of
agc are likely 1o receive a mixture of folic acid and food folate, so a Population
Reference Intake of 50 pgfd is proposed.

In the absence of specific information, values for children have been derived fram
those for aduits on the basis of energy cxpenditure.

Pregnancy

Folae deficicncy in the later stages of pregnancy in women not ingesting exura folate
15 extremely common. Various studics have shown one quaner 10 one half would
have clear signs of deficiency 1. Red cell folate drops during pregnancy and while part
of this drop may be due to haemodilution some of it is cenainly du¢ to the mother's
being wnable to meet the extra demand for folate made by the fets from her stores
by normal dietary inuake. Studies have shown this drop in RBC (red blood cell) folale
could be prevenied by a supplement of 100 pg folic acid daily %17 Since thesc
studies were ¢amied out on women on peod diets this level is really a minimum. Te
allow for the problems of bicavailability discussed above, 2 diclary increment of
200 1g of lolate per day should be soughi. Recenmt work on the increase of folate
catabolism in pregnancy indicates that this amount is not gencrous 19,

Neural tube defects

There is now good evidence that daily periconceptual folic acid supplementation may
have a protective cifect on the occurrence of the cangenital abnormalities, spina
bilida and anencephatus, collectively called neural tube defects (NTDs) 13 While
same of these studies 1* involved the use of very high levels of folic acid. it scems
probable that amounts around 400 pg per day canfer cqual protection with a lesser
risk of side effects 2 Even at this lawer level one cannot complewly exclude the msk
involved in taking a greater than normal amount of 2 vitamin in early pregnancy.
Iowever as far as woxacny 10 the mother t5 concerned there are only two esablished
causes for concern, which have been mentioned already, Women waking antepileptic
drugs should be aware that it has been supgested that waking Telic aod supplements
of much ahove 4K pp may cause loss of conwal of their eprlepsy. Taking extra {alie
ar1d, af one s also vitamin By deficient, resulis in the masking or exacerbation of
neuraiagical discase associated with such deficieney. However vitamin B,
deliciency 1% exiremely rare in women ¢f less thar 40 1w 500 Should women,
particularly when nearing the ¢nd ol their child-hearing vears, plan 1o ke falc acid
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supplernents for peripds of months, they should have possible viiamin B, deficiency
excluded by a simple blood st

While it is possible that improved dietary intake of folate may confer protection from
NTDs it is difficull (¢ achieve intakes of 400 g per day because of the low density of
folate in food and the lower availability of the natural forms of the vitamin than of the
folic acid used in supplements. Fontified foods conaining folic acid in the more
available form may provide an alternative for women who do not wish 1o take
tablets.

It should be emphasised that the neural tube is formed berween three and four
weeks after conception, at which point many women whe are pregnant are not aware
af the fact. v is thus recommended that women wishing to atiempt to achieve
protection using folic acid should ensure thal its intake is commenced belore
conception, so as o ensure adequate levels at the critical time, While there is no
direct evidence on the issue. the ingestion of folic acid post conceplion may be of
Benefit up to the time of closure of the neural tube, i.e. four weeks. Thas women who
suspeet that they may be a an early stape of an unplanned prepnancy, e.g2. by
ebserving a missed period, may wish alse 1o take folic acid even at this later and far
fpss cerlain slage.

Lactation

The

Earlier siudies supggested that milk comains about 50 ug per liwe 21, It now seems
more likely that with betier methads of ¢stimation this value should be doubled 22
Asseming a daily output of 730 ml. loss could thus be bewtween 37 and 75 up per day.
To allow for btoavailability and taking the higher value one arrives at an increment of
150 up per day t0 compensate for normal lactation.

elderly

A significant body of cvidence ' indicates that the eldecly have no increased
requirement for folaie. As menioned previously, they should avoid large imakes of
folaw supplements.
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Summary

Walues expressed in terms of mixed dietary folales {calculated for a relative molecular
mass of 441}, assusing a bicavailability about haif that of pure folic acid {monoglulamate
form), per day.

Adults
Average Dietary Requirement 140 pg
Population Reference Intake {mean requirement + 2 SD, 200 pg*

assuming a coellicient of variation of 20%)

Lowest Threshold Imtake (mean requirement - 2 S0 ) &5 g
Pregnancy 400 pg*
Lactation 350 pg

Population Reference Intakes for other groups

Age Group PRI
H-1lm 50 pg
P 3y 100 pg
4. by 130 ug
T 10y 150 g
11-14dy 180 ug
15-17y W pp

Newral twhe defects have been shown 1o be preveated m offspring hy penconceptual
ineestion of A0 wg folic acid per day in the Borm af supplemens,
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12. Vitamin B3

Physiology and metabolism

Metabolic functions

The term vitamin B2 covers the two forms active in the body — 5-deoxyadenosyl-
cobalamin and methylcobalamin - and a number of other cobali-coniaming
cornnoids which by being converted to the active forms have the same nuteitional
effect.

Two enzymes in man have a requirement for vitamin B, 1. Methionine synthase
uses methylcobalamin and is involved in the channelling of carbon unis from
aming acids such as serine 10 remethylate homocysteine w methionine, This
remethyvlation is necessary because all issues vse methioning a3 a source of
methyl groups and as & consegquence generate significant amoums of
homocysteine which needs to be remethylated. Methylmalooyl CoA muiase,
which uses 5-deoxyadenosyl-cobatamin, 15 necessary in the metahelism of
propionyl CoA. which arises either from the catabolism of certam amino acids or
the oxadalon of odd-chain faity acids.

Absorption

Dietary vitamin By, is bound by a glycoprotein called “intrinsic facior” secreted
by the parietal cells of the stomach. The resultant intrinsic faclor - vitamin B ;
complexes pass 1o the tleum whers they are ahsorbed. Aboul three quaners of an
aral dose of 005 pg is absorbed while the amount absarbed fram 1.OUE is hall 1.
Intdnsic facior-mediated ahsomtion seems to have an upper hrit of about 1.5 pg
pur meal imespective of how much vilamin B, ; 1s presemed oo

Excretion

It has been caleulared that the hliary secretion of viamin B, is around 0.5 fg per
day !, Perhaps less than 20 % or 0.1 pg of whis is Jost through non-reabsarption 2.

Vitamin H,, 15 very well stored, Lis half-life sn humans bas been measured inoa

number of studivs 38 heing of mare than one year wo almast (our years .
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Deficiency

Vitamin By, levels in most dicls appear to be adequale, the exception being strict
vegelanian or vegan diels. As will be discussed later, individuals or communities
on such diets have well documented lower than normal blood levels of vitamin B,
and some studies show biochemical evidence of deficiency. This is easily
understood since plant food does not contain any vitamin B, unless contaminated
with microorganisms 1, Individuzls among the elderly and the poor may also have
an increased risk of deficiency where their diet is low in animal produce.

By far the biggest cause of vitamin B,; deficiency is impairment of absorptign 4,
This arses most often from destruction of the parietal cells of the stomach by
autoantthodies, resulting in diminetion or ahsence of seeretion of intrnsic facior.
Autoantibodies are also frequently produced against intninsic factor itself, some of
which render it incapable of binding vivmin By ;. with more rarcly other antibodies
permitting bindiag of vitamtn By but preventing uptake of the complex by the
ileum 1. These three aulgimmune condittons are called pemicious anaemia (PA).

Ceficiency, when it occurs, has two peneral consequences: arrest of cell
replication and neurolugical damape !. The farmer manifests uself clinically in the
more rapidly dividing cells such as those of the marrpw., the immune sysiem, Lhe
skin and the pastrointestinal tract, Anaemia is the most ohvipus clinical sign.
Appropriate treament with the vitamin completely reverses all the cffects on cell
replication. The neurelogical lesion presents first as paraesthesia with & tingling
sensation 1n the finpers andfor wes with or without nomboess, Unireated, this will
progress to @ peripheral neuropathy and ataxia and an overnl demyelination of the
spinal cord called sub-acute combined degeneration. Psychialnc manifestations
such as confusion, depression, agilaion and delusions may also be present.
Treatment with vitamin B, appecars to completely redress the latier
manifestations, The penpheral neuropathy will also improve bot the demyelination
of spinal cord is essentially irreversible.

it s nmow widely accepted thar as described originally in the 5-methyl-
wwirahydrololate trap hypathesis 3, the arrest of cell division seen in vitamin By,
deficieney resulis from an mpairment io the praper viilisation of 1the folae
colactors mnvalved i the synthesis of DNA and RNA in rephicating cells, One of
these colactors, 5-muethylwtrshydrofolate, requires 1o e demathylawed by vitamin
B | ;-dependent methionine synthase for its further meowhalism. In the abseoce of
vitamin B ; the other ¢eliular folues necded w0 synthesise DA and RNA
becrme metabelcally trapped in this fomm resuling tn a ‘pseudn’ folae deficwency
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in such cells, which causes an anacmia identical to that seen in simple folate
deficiency.

The neurglogical iesion is thought 1o be due to the inability to utilize 5-
methylietrahydeofolate to remethylate homocysieing to methionine &7, The latter
supplics methyl groups fer the synihesis of proteins and lipids in myelin and othar
nerve structures.

Higher and undesirable intakes .

Dazily ingestion of high amounts of vitamin B,,. of even one or two orders of
magnitude above normal dietary levels, docs not cause any obvious side eflfects
even over 4 protonged period. Howewver, nutritionally inaciive vitamin B,
analogues can be found in some vitamin preparavions and increasing their intake
may not be wilthout risk. A daily intake greawer than 200 pg should be discouraged.

Requirements

Criteria of vitamin B ,, nutritional adeguacy

A number of methods have becn used to assess vitamin B; status or (o detect its
deficiency.

The serum concentration of the vitamin can be determined; the results vary
somewhat according ta the procedure used, but most laboratornes would repard
concentrations of less than 100 ng/l as indicating deficiency. 100-150 ngfl as
possibly deficient, with values above 150 ng/l being taken as normal 1.8, These
ranpges cannot however be regarded as wholly reliable as there is some
overlapping.

[n B,; deficiency, the meihylmalonic acid concentrations in urtne and plasma might
be expected 10 ncrease, The recent availability of methods sensitive enough 1o
estimate methylmalonaie in plasma has revealed a very good camelation between
raised methylmalanate concentration and the presence of clinical disease, bur
iher: can be some overfap with the reference runpe ¥,

Traditionatly the presence of 2 macrgcyuc anaemia has keen considered 1o be the
most usudl way of preking up subjecws with vitamin B, denciency. However very
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deficient subjects can sometimes have normal concentrations of haemoglobin and
no INCIease in mean corpuscelar volume 10,

While they are difficult to perform, neurclogical assessments, preferably using
newer methods such as evoked response siudies, are really the only way of
determaning the presence or absence of neuralogical damage due W vitamin B
dediciency.

fndividually these tests may not be wholly reliable but the use of (wo oF more
gives useful information in the B, status of individuals and groups that can be
used to make recommendations on B, intake,

Adults
A number of approaches have been used to caleylale requirements.

Studies have been made on the response of patlents with pernicious anagmia,
who have no contribution from dielary vitamin B),. 10 daily parenteral doses, They
indicate that 0.3 pg/d is not quite adequane *! but 0.5 pgid is 1213 These patients
hawever will secreie some B in the bile which will not be reabsorbed and so will
be lost from the enterohepatic circulation, Dictary values {or normal subjects
would therefore need to be adjusted downwards for that reason, but also upwards
e allow for incomplew absorplion from the diet. If i1 couid he said that these
would balance out. ane might expeet a daily intake of 0.3 ug vitamin Biz 10 be oo
little and 0.3 pg 10 be adequawe on the evidence of these swdics using mainly
hacmatological critena.

The amount of By, in the diet of suict vegetarians has been investipated. Studies
on sizeahie populations indicaed thal while 2 mean inlzke of 0.26 Lefd might
provide inadequate stores, no deficiency was detected 4, Similar swdies indicawd
that smaller groups got by on inukes ranging from 0.3 10 0.5 pg/d 1516 This work
depended mainly on abnormal haematological findings o detect abnomal staces.
While some swdies assessed nevralogical function, this is not 2asy 10 do and
perhaps subtle changes that were present might not have emerged. While eardier
studics 1hau related inake o well being did not look for hiochemical evidence of
deficiency, from subsequent studies on similar strict VERCLATIAn QIoups il seems
very likely that hiochemical deficieney, as detecied By elevated urene
merthybmalonic acid levels, exiasts on dicrs conlaining these low levels of vitamin
By, VIR I appears that binchemical deficiency would exist with 4 risk of eventual
neerological dysfunclion on smtakes less than 0.5 jphd.
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Two swndies have been based on vitamin tornover. They made a number of
assumplions about varigus factors and came up with mean daily requirements of
between 0.25 and 1.0 pg/d 19 and of 1.3 pgid 20,

Al levels of 0.5 pp/d that are likely w be consumed by sobjects on strict
vegetarian diets, there is no evidence of haematolopical or neurological
dysfunciion, but there is bipchemical abnormality. Interpretation of many of the
studies of the 1ype cited above depends very heaviiy either on the absence of
apparent clinical problems in populanons or upon the apparent adequacy of the
treatment. These studies regarded the absence of hacmatological abnormalities
a5 being an assurance of genetal health, and it is difficulo 10 rule out neurelogical
damage because it is s0 much more difficult to assess 2} Examination of the early
literature makes it clear that many people with apparently normal haematology
were developing irreversible neurclogical damage. More recent studies seggest
that this circumstance 15 much more common than is usuailly appreciaied.

It therefore seems prudent o put [orward a mcan requirement towards (he high
end of the scale: 1.0 pgAd.

Pregnancy

There seems 10 be no nsk of sipns of clinical deficiency developing in a pregnant
woman, even on a dict low in vitamin B ;. The major cause for concern is the etfect
of such low intakes on the developing emhbryo and on progeny that ars
subsequently breast-fed. It s clear that children of strict vegelarian mothers who
were subsequently breast-fed. and then went on o vegetarian dicts themseives,
are at serious nsk nol just of biochemical evidence of deficiency as indicated by
elevated methylmalonic acid but alse of decreased growih rawes '* Such low
status has been shown o lead w overt signs of newrological damage, which in
ume would hecome irreversible 22, There thus seems no douwht that women on
striel vegetaran diets should be encouraged 1o ingrease thear intake of vitamin By,
Juring prepnancy and that this advice showld, as a precaution, be extended w all
women, Unlike lolae, there 38 ao evidence for a high rae of wmover of vitamin
B ;0 pregnancy. However o allow Tor transfer of some of the vitamin o the fes,
an adidional 0.2 ppfd is ecommended.

fLactation

During taclation, loss of the vitamin in milk deponds 1o a large exwent upan the
mother's wiamin B 5 statos £ 10 is difficult to assess how much o any of this loss
needs 1 b ceinstated 0 women who have oormal stores. However if the values
in milk all below about (037 pg per day, evidence of hochemical deficiency hegins
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to be scen in breast-fed infants V7 (whe probably had very inadequate stores of
vilamin B, to begin with). It would thus seem prudent o ey 1o replace at least

0.37 pg per day. If one eslimales that about three quarters of a dose is absorbed
at this level, this reguires an increment of 0.5 pg/d during lactation,

Children

The

Infants bon 16 women with a diet very low in B, and thus with very poor stores

ol the vitamin, needed 0.37 pgfd o cure biochemical deficiency as evidenced by
methyimalonic acid excretion 7. A PRI for infants 6-11 months is set at 0.5 ngdd.

In the abscnee of specilfic studies, values for chitdren have been caleulated from
those far adults on the basis of energy expenditure.

elderly

There appears to be no increased requirement far vitamin B, with age 24, While a
decrease in vizmin By, status as measured by serum levels has been reparied in
some studies as age advanced, it is almost cenainly du¢ 10 an increased

prevalence of malabsorption due either w the avtoimmune discase PEInNICious
ANAemia OF 10 AOpc gastritg 23,
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Summary

{amounis in Mg/d, based on a relative molecular mass of 1355)

Adules Averape Dietary Requirement 1.0
Population Reference intake 1.4
{(Mean requirement + 25D,
assuming a coefficient of
vanation in this case of 20%)
Lowest Thresheld Intake {0
{Mean requirement - 2500
Pregnancy Plus 0.2
Laciation Plus 0.3

Fapulation Reference Intakes for other age groups

{amounts in tigsd, bosed on a relative molecidar mass of 1355)

f-1lm 0.5
-3y 0.7
T iy 1.0
11-14dy 1.3
15- 17y 1.4
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13. Pantothenic acid

Physiology and metabolism

Paniothenic acid is required for the synthesis of cocnzyme A {(CoA), which is
required in the metabolism of carbohydrales, amino acids and fauty acids and the
synthesis of sieroids and other metabolites, and for the synthesis of the prosthetic
group of acyl carrier protein required for latty acid synthesis. 1t thus has a contral
rele in a wide variety of metabolic pathways 1.

Abcut 85% of diewary paniothenic acid is as CoA or phosphopantotheine. In the
intestine these underpo hydrolysis to pantothenic acid, which is absorbed by
diffusion throughout the small intesting,

All tissues are capable of forming CoA and the prosthetic group of acyl camicr
prowin {rem pantothenic acid. This synthesis requircs the amino acid cysteine, and
deficicney of the sulphur aming acids. methionine and cysieine, can reselt in impaired
synthesis and hence secondary funclional pantothenic acid deficiency.
Fhosphopamotheine, ansing from the catabolism of CoA and acyl carter protcin. can
be reused for CoA synthesis and new synthesis of acyl carrier protein,
Phosphopantatheine which is not re-utilised is dephosphorylated, and the resulunt
pantotheine i1s cleaved o pantothenic acid and cystzamine.

Pantothenic acid 15 well conserved in the body: over a weck afier adminisuation of
tracer doses of |1*C] pantothenic acid only some 38% of the dase is recovered in the
urine, all as the free vitamin. There is no information on hody rescrves of pantothenic
aeid.

Deficiency

Pantgtheme acid s widely distributed in foods, and it is passible that intestinat
buacternnal symhesis alse makes a connbution to imake. Deficiency has nat heen
unequivocally reporied in human beings except in speaific depletion studies, which
have frequendy also wsed the antagonist methyl pantothenie acid,

Prisances of war in the Far East, who were scverely malnourished, showed. amang
ather signs and symploms of vitamin deficiency discases. a new condiuen of
paracsthesia and severe pain in the feet and wowes, which was called the hurning foe’



113 Repons of the Scuenlfic Commiltes for Food. V15t series

syndrome or aurritional melalgia. Although it was ancibuted to pantothenic acid
defictency, no specific trials of pantothenic acid were carried cut: rather the subjecis
were piven yeast extract and other rich sources of all vitamins as part af an urgent
programme of nutruonal rchabilitation.

Expenimental pantothenic acid depletion, normally together with the adminisiration
of the antagonist methyl pantothenic acid, resulls in neuromaotor disorders, including
paracsthesia of the hands and feet. hyperaciive deep tendon reflexes and masele
weakness, as well as mental depression, pastroiniestinal complaints and mecizbalic
abnormalities which can be attributed (o changes in lipid melabolism 2.

Requirements

From the limited studics which have been performed it is not posstble 10 cstablish
requirements for paoicthenic acid. Average intakes in adults are about 4-7 mgfd, but
individuals consume 3-12 mgfd. Such intakes are ohviously adequare 1o prevent
deficicncy: much higher amounits are harmless, There is no cvidence on which to
hase estimates of changed pantathenic acid requirements in pregnancy or lagtation.
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Summary

Average intakes of pantothenic acid are adequate to meet requirerments, There is no
information on intakes helow which deficiency is likely, nor adequate evidence 1o
determrune Population Reference Intakes.

The acceptable range of intakes in adults is the observed range 3 - 12 mgid.
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14, Biotin

Physiology and metabolism

Biotin funciions as the coenzyme transferring carbon dioxide in faur reaclions:
pyruvalt carhoxylase, a key step in gluconeogenesis; acetyl Coa carboxylase, the
first step of fauy acid synthesis; and in propionyl CoA and methyleratonyl CoA
carboxylases I,

Most biotin in foods is present as biocytin, covalently bound 10 enzymes. This is
released on proteclysis, and hydrolysed by biotinidase in the pancrealic juice and
intestinal mucosal secretions to yield the free vitamin. The extent to whick bound
biatin in foods is biologically available is not known. Biatin is absorbed from the
upper intestinal wact by active transpoct, although there is also some active uptike
from the large intestine. Inestinal bacieria synthesise relatively farge amounts of
biotin, and it 15 assumed that this contributes to the host's nutrition. Biotin circulates
in the bloodstream both free and tightly bound 10 a serum glycoprowin. Both free and
protein-bound biotin are taken up by tissues. I[n tsswes biolin is ineorporated
covalently inlo biotin-dependent enzymes. and on catabolism of these enzymes, the
biacytin is hydroiysed by a specific peptidase, biovinidase, permilling reutitisation,

Biatin may be excreted either unchanged or as the oxidation preduction bis-norbiiin,
As a result of both resorption of the vitamin from udne and the protein binding of
plasma biotin. which reduces excretion, there is very cfficient conservatien of biotin,
This, weether with the reeycling of biotin released by the catahalism of £NZYTES,
may be as importan as intestinal bactedial synthesis of 1he vitamin in axplaining the
scarcily of bioin deficiency. There is no information on hody reserves of biotin.

Deficiency

Biann deficiency due 10 simple inadequacy of intake is unknown CXCCPL N panenis
receiving tatal parenteral nutritign,

The activites of hiotin-dependenn enzymes fall in deficicney. This cesubs in impaired
gluconeagenesis, with accumulation of lactaw, pyruvate and stanine. znd impaired
lipagenesis, with accumulation of acetyl CoA, resulting in kewsis. There is also an
irnpairment af protein synthesis. Abnommal organic acids are excreied in deficiency °.
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The few early repons of human biotin deficiency are all of people who cansumed
large amounts of vpcooked eggs, and therefore had a high inake of the prowin
avidin, which binds biotin and renders it unavailable. They developed a fine scaly
dermatitis and hair loss. Provision of biotin supplements of between 200-
10GQ pg/day resulied in cure of the skin lesions, and regrowth of hair, despite
conninuing the abnormal diel providing large amounts of avidin. Unlortunaicly, there
seerm 10 have been no studies of provision of modest doses of bictin to such patients,
and none tn which their high intake of uncooked epps was either replaced by an
equivalent intake of cooked eggs {(in which avidin has been denatured by heat, and
the yolks of which are a good source of biotin} or cantinued unchanged, 5o there is ne
infurmation from these case repons of the amounts of biotin which are required for
normal health.

In experimenial studies of biotin depletion, diets providing up to 30% of encrgy
intake from raw epg white have been used. The subjecis developed plossitis,
anedexia, nausea, hallucinations, depression and somnolence, as well a5 3 fine scaly
desquamaling dermatitis. Injection of 150 ug biotin daily reversed all the clinical
$igns. Apain there have been no stwdies of graded intakes of bioun in such
cxperiments 4,

Similar signs of bioin deficiency have been observed in patients receiving taotal
parenteral nuiritien for prolonged periods, e.g. after resection of the g1, The signs
reselve following the provision of biatin, but there have been no swdies of the
amounts required, curative intakes have ranged between 60 and 200 pefday 5.

Requirements

There is livle infarmation concerning human batin requirements, and no evidenee on
which 10 hase recommendations. Average intakes of biatin in the EC are around 2§-
42 ug Aday. bul individuals may consume between 15 and 100 ugdd. Such intakes are
obviously adequate 10 prevent deficiency. There is no evidence of adverse elfecis
from high intakes of biotin,

There 15 no infarmation on which 10 base estimates on additional requirements in
pregnancy or lactalon.
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Summary

Avcrage intakes of biotin are adequaic 0 meet requirements. There is no
information on intakes below which deficiency is Jikely, nor adequate evidence 1o
determine the Population Reference Incakes.

The acceptable range of intakes for adults is the observed range 15-100 pg /day.
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15. Vitamin C

Physiology and metabolism

¥itamin C (L-ascorbic acid) is involved in numerces metabolic reacuions in ways not
vet fully understoad '2. The most specifically defined biochemical Tunction is as a
cofactor in hydroxylaiions using molecular oxygen. notably of proline to
hydroxyproline, as in the biosynthesis of collagen. Ascorbic geid participates in this
and other reaciions as a reducing agent. It reduces Fe(Iil) to FedID, which helps in
improving the absorption of non-haem iron. It redeces superoxide radicals to
hydrogen peroxide. and effectively quenches singler axypen, which is (he basis of its
ability to inhibit many destructive photo-dynamic effects, c.p. in the eve. and other
beneficial effects of vitamin € in the human body have been ascribed to its
anuoxidative capacity.

Ascorbic acid i1s one of the main waler soluble chain-breaking anuoxidants in
hiolegical sysicms *. Much aliention is now being paid 10 the role of vitamin C in the
anitoxidant defences of the body, but insufficient evidence is currently avaitable w
enable the antexidant swius of the body to be used as the hasis of calculating
vitamin C reguirements,

At low doses, absorption of vitamin C may be almost complete, but over the range of
uswal intzke in food (30-180 me/d). B0 w 90 % is absorbed. When ingesied in
amounts higher than X)) me/d. i1 is mainly excreted as such, while the percentage of
pastroiniesiinal abserption decreases with the oral dose of vitamin C to values as
low as 16 % 4.

Tota]l body stores of ascorbic acid in adult man may reach levels up 10 3 g at daily
intakes exceeding 2(H) mg. The averapge hody pool of vitamin € of healthy male
subjects consuming a sell-selected diet with a daily ingesuon of 60-100 me af
ascarbae s araund 1500 mp. 1.6 about 20 mpfke body weight *.

Levels of deficiency and excess

Frank viamin C defwiency appears in the adoli as scorvy, inothw chibd as Mocller-
Barlow disease, which has somewhat different signs,
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Scurvy affects primarily the mesenchymal tissues. Because callagen formation is
impaired, wound healing is delayed. The deficient formation of interceliular substance
and callagen ieads w0 increased fragility of the capillaries and 1o bleeding in the skin.
mucaus membranes, inlemal organs and muscles,

in childhood scurvy, the bone tissue is most obviously involved, especially in the
hreast cage and the siressed epiphyseal cartilage of the extremitics. The disease
can occur in artificially nourished infants after the 61 month of life, when the
transplacentally transferred reserves of the vitamin have been exhausted,

Ciinical signs of scurvy appear in adult men on 3 daily intake of less than 10 mg/d,
when the olal body paol falls below 300 mg ®, and are associated with plasma {or
serum) and whele blood vitamin C values of less than 2 mgf/L (11 pmoi/L plasma)
and 3 mg/lL {17 pmol/L hlood); leukocyte levels of less than 2 ug/108 cells (85
UmoifL} are observed,

A lesser degree of hypovitaminosis € can manifest tself in "prescorbutic” symploms
Such as weakpess, lassitude, fatigue, increased susceplibility to infections. and
perhaps 1 other disease conditions . Behavioursl abnormaliies, delayed recovery
from surgical procedures. weight loss and deficient UNMUNE SYStem responses have
been reporied.

A common {eature of viamin € deliciency is anzemia, due to impaited iron and
perhaps {olic acid metaholism,

Reports that high intakes may be beneficial have led some individuals o 1ake large
doses of vitamin C. The only adverse effects consistently repeorted in apparently
healthy subjects are transient gasiraintestinal disturbances. These can occur afler
ingestion of as linde as 1 g, but seem to be caused by the acidity rather than the
ascorbic acid per se because the Symplams can be largely avoided by taking the
viLamin as a bullered salt, [fl effecis of kigher doses have occasianally been reponed,
¢.p. an increased urinary excretion of oxalate wiih 2 resulting higher risk of kidney
Stones in patients with defects of oxalate metabalism, hut in general intakes up to 10
£/d scem not 1o be unsafe for healthy individgals 7.

Methods for establishing physiological requirements

Vitamin € status can be evaluated from stpns of chimcal deficiency (such as follicular
hyperkerawsis, swoilen or bleeding gums, pelechial hacmorrhages, and joint pain).
ur frém s concenteztion in plasma. blood or leukacyles. It has afso been cstimarcd
from isotopic studies of hody stores 2,
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The Sheffield experiment on the vitamin C reguirements of human adults & and the
lster Towa study ¢ indicaled that a daily amount of 6.5-10) mg ascorbic acid is
sufficient to prevent or 1o cure signs of senrvy. The ullimate lowest physiclogical
requiremnent of adulis is presurnably in that range.

It is generally assumed that the amount of vitamin C required for optimal functioning
of metabolic processes within the body is higher than the amount to prevent classicat
signs of scurvy. However, the aplimal ussue Ievels of vitamin © for these Processes
are not known. Blood levels of vitamin C are often considered, although these levels
have Iheir limitations. Plasma concemrations above 5 mg/L (28 pumol/L} are taken as
indicating an accepiable supply. Such levels are reached at vitamin € intzkes from
about 30 mg per day. Vitamin C levels rise rapidly with increasing daily intake and
reach a plateau of 12-13 mg/L (68-85 pmol/L) at intakes far above 80 mg per day %,
The strong relation between plasma vitamin € angd recent oral intzke limits (he valuc
of the plasma level as 3 reliable indicator of vitamin C adequacy.,

The ascorbic acid level in Jeukocytes approximately reflects that in the tissues.
However, it may not he a reliable index of vitamin C stalus as the vilamin rapidly
maoves from plasma ima cells, e.p. during infections 10

A prieri, the best means of determining viamin C requirement would scem 10 be
determination of the iotal body pool and its fractional rate of loss or cabolism. The
appropriale intake would be that needed 1o replace losses and thus maintain the
body pool. taking into account the bioavailabiiity of viizmin C from the dier,

Translation of physiological requirements into dietary intake

Clinical signs of scurvy appear in adult males when the total body pool of vitamin C
falls below 300 mg®. [ is desirable to have vitamin € in amoumts mare generous
than just 1o prevent the appearance af scurvy, and psychological abnormalitics have
heen reported in men with body pools below 600 mp. There is no canvincing evidence
of extra benefis from a pool in excess of 600 mg. but a pool of 500 mg weuld provide
rescrves for penods of low intake or temporary higher necds, ¢.p. siress.

For a wide range of body pool sizes (12-1700 mp) and viiamin C inakes up (o 60
mefday, the mean first-order rate of urinary exeection of vitamin € and is
metaholites in adull men has been caleulated as 2.7 £ 0.5 % of the body pool per
day 15,

During the depleon periods of the Towa expeciments 12, the hody poal was
catabobiecd 2l o rawe of 2.9 £ (06 % per day. One can dertve from this x daily intake of
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vitamin € n adult men by assuming a body pool of 900 niz and an absorption
efficiency of B85%. In this way the Average Reguirement (AR) for an adult man is
caleulated as:

900 x 2.97100 x 100485 = 30.7 mg/d, which can be rounded off to 30 mg/d.
The Populanon Reference Intake (PRI} [or adult men would be
900 % (2.9 + 1.2)/100 x 100785 = 43.4 mg/d, which can be rounded off to 45 mg/d,

It is difficutl o estimate a Lowest Threshold Intake (LTI for witamin . 1t can he
argued that it should be the amount that will cenainly prevent scurvy — somewhat
less than 10 mefd in adult men — but many would consider that a wo restricied view
of the nutritional impanance of the vitamin. Maintenance of an adequate body pool
has been used as the basis for calculating the AR and PRI a similar approach can be
employed for estimating the LTI

ie would be unreasonable to calculale a LTI 10 maintain a hody pool stze of 900 mg,
as fajlure to do 50 is unlikely to be harmful. However, it can be derived for a body
pool of 600 mg as

600 x (2.9 - 1.2K100 x 10085 = 12 mgfd.

Women probably have a smaller body pool than mcen, and might therefore be
expected to have a lower requirement. No comparable tumover studies have been
carmied out on women. however, and in a depletion experiment the plasma vitamin €
concentration was reporied o fall more rapidly in (cmales than in males 2, L
therefore scems prudent 10 make the same recommendations for non-pregpant, non-
lactating women as for men.

Requirements of other groups of the population

Children

Lietde infoomation 15 available beyond that 7 mpdd 1y sufficient o prevem seorbumc
sagns an infants ' The amovnl of vilamin C in breast milk seems 1o reflect maternal
dictary iniake, nab the infant's needs, and in Europe and USA intake may ranpe down
to 23 mefd. while apparcntly salisfying all the needs of the infan 2181415,

The PRI fur infamis 6-12 munths is therefore sen, somewhaw arbiirarily, at 20 mgfd,
1 about three times tagher than amounts known 0 prevent seurvy.
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The PRIs of older children are increased gradually 10 those for adulis,

Pregnancy

Flasma and leukocyte vitamin C drop during pregnancy 4. It is not known whether
this drop represents 2 nommal physiclogical adjustment (hacmadilution) or indicates
an increased requirement. it is assumed that the requirement of vitamin C during
pregnancy is somewhat higher than that of non-pregnant women but by not more
than 10 mgfd. This increase would allow for the 50 % higher plasma levels and
probably higher cell concentration of vitamin € tn the fetus and the higher cawabolic
rate of the fetus.

Lactation

The

Lactating women should have a vilamin C intake which compensates (or at least 20
myg vitamin C excreted in breast milk. On the assumption of 2 85 % bicavailability,
the dietary intake of lactating women should be 25 mg/d higher than non-laclating
women (or the entire lacuating petiod,

clderly

Conflicung results have been reported on the changes of bloed levels of vitamin C as
a result of ageing, It seems, however, that in the absence of pathelogical conditions
that may influence vitamin C metabolism (e.p. digestion or absorption) or renal
funcuoning, the vitzmin C requiremnent of the elderly do nol deviate from those of
other adults 11

Other factors affecting vitamin C requirement

There are mdicanons that smoking and same other lactors and conditions may
influence the vitamin C regquirement,

Smoking decreases the absorpuon and blogd level of vilamo O and increases us
cvawholism. In beavy smokers (routinely more than 20 oigarcites per day) with a
vitarn Canwake of &0 mg/day, the mean absarpuon efficiency has been repored as
9 % lower and the mean hull-bfe sipnifcanmty redoced (hy abow A0 %} as compared
wilth non-smakers 150 A dairect relatianshap has been demonstraied berween the
number of cigarettes smoked per day and levels of vitamin €. The daily wwmover af

vitarmin C of heavy smokers would be ahowy 40 % hagher than that of nan-smokers 18
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The function of ascorbic acid in the absorption of non-haem iron has been mentioned
alteady. The section of this report dealing with iren discusses the difficulty some
women have in obtaining an adequate supply of iron. The pioavailability of dietary
non-haem iron can be subswanually improved if the meal contains 25 Mg or moe
ascorbic aeid.

Some circumstances enhance the requirtement for vitamin C, e.g. high physical
activity, menial stress, alcoholism, drugs, and a number of pathological siates, e.g.
diabetes 1. Unfortunately, the effects of all these factors have not heen quantified
and results of studics are not concordant. Therefore, the optimai intake of vilamin C
in such stress conditions is not known,

Higher recommendations

There is a school of thoaght which believes thal human requirements for vitamin C
dre considerably higher than the PRIs discusscd above, £ g more than 1 g/d.
However, this is based on cxtrapotations w man from obscrvations in amimals that
many consider unjustified. Intakes in excess of aboutr R0.100 mgld lead w a
quantitative increase in urinary excretion of unmetabolised vitamin C. indicaung tha
at this level ussue reserves are saurated. B is difficult 1o justify a requirement in
excess of lissue storage capacity.

[Lis baped that in the near fulure more information will become available on the
quantitaive role of vitamin C in the body's defences against frce radicals and on
¢pidemiological evidence that appears 10 link hipher vitamin C inwakes with a lower
level of some diseases L.29.17
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Summary

Adulls mg/fd
Average Requirement an
Population Reference Intake 45
Lowest Threshold Intake 12
Population Reference Intakes of other proups

Age Group PRI (mg/d)

-1 m 20

-3y 25

46y 23

T-10 ¥ 6

Li-14 y 35

15-17 ¥ A}

Pregnancy 55

Laciaticn 10
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16. Vitamin D

Physiology and metabolism

The rwo major forms of vitamin D are the secosteroids cholecalcifero! (vitamin D,},
derived from cholesierol and of animal origin, and ergocalciferol (vitamin D, ), derived
from the plant sterol, ergosterol. Since vitamins D; and Dy have roughly the same
activity in man, the term vitamin D will be used here to refer 1o hoth D, and D;.
Amounts of vitamin D are usvally expressed in terms of welght, but the older
Intemational Unit (IU} is sull in vse (1 IU = 0.025 Mg vitamin D).

Sources

Vitamin I} is not sinctly a viamin as most of it is formed in the body by the action of
sunlight converting 7-dehydrocholesierol in the skin o previtamin Dy 1. This
endogenous synthesis depends oo the thickness and pigmentation of the skin and an
the quality {290-315 nm) and intensity of the ubtraviolet irradiation: the lowest UVE
radiation that preduces a significam increase in serum vitamin Dy is 18 mlfem? in
untanned whiie subjects 2. As in North America 2.3, this threshold level may not be
reached in Northemn Europe for a large part of the year. For example in Paris {48°N)
only between late spring and carly autumn is there sufficient UVER solar radiation to
produce vitamin [D. Even so, the amount produced during that limited scason appears
0 e adequale to cover the needs af heaithy adelts living at latiides between 350N
and 6UF N, provided 1hat the time in sunlight (10-13 minfd) and the amouom of skin
cxposed (30%) o opumal UV irradialion arc sufficient 34 and 1ha atmospheric
pollutign s not excessive *. Viiamin D synthesis alsa depends on the age of the
subject, being decreased in elderly peopte 2,

The diet is 3 much less wnportant source of vitamin D. Only a few foads {lany fish,
cges. butier, liver and cenain types of meal) comain sigrificant amounts of the
vitamin and average daily imakes are 100 small 1o influence vitamin I status
sipnificantly, wnless fornficd food products are caten regularty, e, margaringe. milk,
cereals. Dhetary practices, sech as vepelarianism & macrobiotic dies 7. or just low
calciumn inakes ¥, may decrease the availability of exogenons vitamin D o increase
s catabohsm.
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Metabolism

In the blood vitamin D 15 bound to a specific vitamin D-binding prowein, DBP, and is
transporied to the iiwver, where 1l undergoes a first hydroxylation into 25-
hydroxyvitamin D (25-(QH)D), This formation of 25-{OH)D in the liver is not tighty
regulated and after inadvertent administration of excessive doses of vitamin D
circulaung levels of this metabolile increase vp a hundred fold higher than those
found in healthy populations. In its wm 25-(OH)D is ransported, bound to the same
DBP, 10 the renal proximal tubule, where it is converted into 1,25-dihydroxyvilamin
D (1,25-(O}, D} 2.

The renal proximal tubule is the major contributor 1o the circulating pool of 1,25-
(OH);D in healthy non-pregnant subjects, 0.3-1 pg/d being formed 19, During
pregnancy, the fetoplacental unit is a second major saurce of the circulating 1,25-
(QOH), D, Untike its precursor. 25-(OH)D, the circulating levels of 1,25-(CH)D are
not influenced by vitamin D siatus excepr in silations of severe vitamin D
deficiency. [n conurast, the synthesis of 25-(OH),D is tightly feedback regulated by
1,25-(0H} I itself and depends mainty upon the calcium and phosphate needs of the
body %1112,

Actions

1,25-(OH),D is the form of vitamin [ responsible for calcium and phosphate
ahsorpiton [rom the intesting, and for various actions on bone, kidneys, parathyroid
glands and muscle, leading to the maintenance of phosphate homoeostasis in the
extracellular Nuid, t0 an increase in the exwracellular concentration of ealeium and to
adequate mineralization of (he sketeton [1-12 In addition, 1.25-(QH); D may be
directly invelved in a variety of different processes unretated to caleium and
phosphate homoeostasis, but the physiological relevance, if any, of these lauer
aClons remains [0 be evaluated.

Deficiency and excess

The carly signs of vitamin D deliciency ace infraclinical; decreased serum
concentrations of calceym and phosphate, resulting from depressed absorption of
talcium and phosphate from the inwestine, secondary hyperparathyroidism and
increased serurm alkaline phosphatase aclivity. Hypocaleemic convulsions may occur
al this stape. later signs are inadeguate skeletal mineralizadon (rickels or
osteomilucia), bane pans, severe hone deformiues, and alterations im muscle
metahnlism and respiraory funcon,
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Signs of acule and chrenie vilamin I intoxication include nausea, diarrhoea, polyunia,
weight Joss, hypercalcaemia, hypercalciuria. and eventually nephrocalcinosis,
decreased renal function, or caicification of soft ussues. Signs of vitamin D
intoxication have been found after prolonged admintsiration of 250-1250 pugfd 13,
althgugh short lerm zdministration {7 weeks) of 250 ng/d o healthy adults had no
detectable effects on the serum and urinary calcinm and phosphate concentrations,
and did not increase 25-(OH)D concentrations above levels spontaneously reached
after daily 1owal body exposure o UV imradiaton 4,

Hypercalcaemia has been shown to occur occasionally in infant populations receiving
periodic administration of very high doses of vitamin D (15 mg, cvery 6 months) as a
prophylaxis against rickets, and 25-(0HID levels in the blood of these infants reach
values similar 1o thase found in patents with cbvious vitamin D mioxication 15

it was c¢laimed thal prolonged daily intakes of 100 pp/d by infants increased the
incidence of hypercalcacmia 1%, but no reliable asscssments of vitamin D intake coutd
be made at that time, Doses of 50 pg/d do rot appear to be harmful w infants as they
do nen affect swatural prowth U7

Requirements

Assessment of vitamin D status

The maost reliable marker of vitamnin D status is the circulating level of 25-(0HID.
Healthy adulis who do not expase themselves (o sunshine, or live in countries with
only a short season of vseful UV irradiztion, may have 25-(OH)D values as low as
6-% ng/ml (15-20 nmob/L). Subclinical signs of vitamin D deficicney have been found
in some of these otherwise healihy adults with 25-(OHID levels below 10 ng/ml. At
the other end of the scale, 25-(OHMD levels as high as &0 ng/ml (200 nmol/L) are
found in healthy adulis living v tropicdl countries or in southern Europe afler
proloaged sunhahing. Pauents with clear signs of vitamin D intoxicavon vsvally
have 25-(0H)D jevels above 100 ng/ml. Thus a desirable range for 23-(OH)D could
be [0-40 npfml (25-100 nmol/L). The vuamin D reguirement s therefore being
considered as thal necessary to maintan giccelating 25-(OH)D concentrations in
that runge.

Dietary recommendations
The peoblem an drying o pive a dictary requirement {or vitamin D is that many

individuals mamstamn therr areslanng 25-(0HID concentrations e the desirable range
hy endagenous synthesis of vitamin D, and so necd none in the dict,
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Those that go not produce sulficient vitamin D by endogenous synthesis need some
dietary supply. The intake necessary will depend on the shortiall of CXpOSUre o
cffective UV radiation and perhaps on inadequacy of calcium and phosphate intakes,
There will thus be considerable variztion between different geographical regions in
Europe (latitude, climate and air pellution) and perhaps between social and ethnic
Eroups in a given geographical repion (calcium and phosphale intake, cxposure to
sunlight),

In such circumstances, precise recommendations are hard (o give, for some groups it
would be pointless o ry to do so, notably for adults, where most have na dietary
requirement,

In all groups of the population however some individuals will need some dierary
vitamin D, and a range of values is sugpesied that would meet the nzeds of all
members of the group, even those with minimal endopencus production of vitamin D

Seme population groups may have difficully in oblaining their needs by endogencus
synthesis, either because of inadequate exposure 1o sunlipht (e.g. the ¢lderly) or of a
physiologically raised requirement (e.g. in pregnancy and lactation) or both (e g. very
young children), Substantial numbers in 1hese groups will need dictary vitamin I3,
and there s a sizeable nsk of an individual becoming deficient. In these groups, as a
matier of prudence, a minimum valuee for intake is given, e, it is recommended that
all members of the group receive that amoum. In practice this will call for the
consumption af supplements or fortined foodstulfs.

Adulrs

Ui the hasiy of their 25-(0H)D levels, dietary intakes of vitamin D do not appear
essentidl for healthy adules, adequately supplied with calcium and phosphate, unless
they are conlined indoors ¢,

No aformation is available on the effects of dietary vitamin D on 25-(OH)D levels of
non-pregnant younper adults. bul from stedics on elderly people Y%, it appears thar
daily intakes of [ pg/d wauld bring 25-{0BD cancentrations into the desired ranpe.
vven if eadopenous synthesis were minimal.

Ii 15 segpested that the requicerments of all adults would met by dictary imakes of 0-
Hrpgrd.

Chifdren

There 15 a2 substantial ancidence of cickets o oanfants not piven vilamin D
supplements. Swudies on the 25-(OHID levels of infants supplemented or not
supplemented with vitumin D conlirm that infanis have a high requirement 2021
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In order to mainlain circulating 25-(OH)D levels in the desired range it is
recommended that the dietary intake of infants 6-11im should not be lass than )
wg/d. It is possible that the requirement may be higher in some infants, perhaps up o
25 ppid 2,

Infants and children are vulnerable to vitamin D deficiency because calcivm s being
lard down in bone at 2 high raw. As children in the 1-3 ¥ group may not get adeguate
exposure to sunlight 1t is recommended that their inlake shoold not be less than
HY g,

Older children still have a high requnirement for vitamin D, and adoiescents, who have
Lo reach adult bone mass at a time of accelerated skeletal growth, have a particularly
high requircment for calcium and thus for vilamin 3. Most children of 4 years and
over and most adolescents should however get enough exposure to sunlight 10 make
adequate amounts themselves.

Those belonging to social or ethaic groups with insufficicnt expasure to the sen, or
on not whally satisfactory diets, are at risk of vitamin D deficiency, and atiention
should be pald 10 adolescents in northern Europe. The ranges of diclary vitamin D
are O-10 pg/d for 4-1{ty and 0-15 petd for 1E-17 ¥

Pregnancy and lactation

The

Pregnant and lactating women have higher requirements for vitamin D than do non-
prégnant women along with their need for high amouncs of caleivm and phosphate for
the mineralization of the growing skeleton of the ferwes and infant; lactating women
als0 have 1o provide vitamin D in the milk. Numerous swdies on 25-{0H)D levels
have shown that customary exposure 10 sunlight in Europe may be insulficien 1o
cover the needs for viiamin D, especially during the last trimesier of pregnancy, and
notably a1 the end of the winter. The ensuing vitamin D deficiency will affect not only
the mother but also the newboen, whose vitamin D reserves are very dependent on
thase of the mother. To mainin 25-(OHID levels, 10 pg/d is recammended 2233

elderly and institutionalized individuals

Hecause of lack of cxposure ta sunlight, and the decline with ape of ihe ability
synthesize viemin Dy, elderly and institutionalized people are prone to develop D
deficiency. Te mamtain cicculatng 25-(0HID valves between 16 and 20 ngfml.
clderly and instilutionalized people should recerve 1 ppfd 1515,
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Summary

Requirements

A range of values up from zero indicates that all members of the group should be
able 10 produce adequate vitamin D for themselves by exposure to sunlight, and
most will, with no need for a dietary supply. The higher end of the range is the
¢stimated dietary requirement ol an individual with minimal endogenous synthesis,

In ather groups a single value indicates shat it is prudent for the whole group w be
supplemented 0 avoid occurreénce of vitamin D deficiency.

Age group PRI (Upfd)
6-11m 10-25
1-3y 10
4-6y 0-10
T-10y Q-10
11-14 y 0-15
15-17 y 0-15
18-64 y 0-10
65 +y 10
Pregnancy v
Lactation 11)

fhigher intakes

Imakes of 250 pgedd have been reported as barmiul 17 the lowest level ac which ill
cifects appear 18 nol known, Intkes of 50 pedd appear safe 17, There scems no
heneit o he obtained by healthy individuals from bigher regular inakes. it would b

prudent not w excecd 50 wpdd 10 habnoal intake.
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17. Vitamin E

Physiology

Vitamin E activity is manifested by two series of compounds. The more important
arc the tocopherols; the wwceotrienols, differing in the depree of sawraiion of the
phytyl side chain, are less potent biologically and provide only  little of the vitamin
E activity of the diet. Within each seres are four compounds (designated a, f3, ¥
and &) differing in the number and position of the methyl groups on the chromanaol
Ting. Synthelic a-tocopherol is a mixture of isomers. The multiple forms differ in
vitarnin E potency, the most active being the natural isomer RRR-a-tocopherol,
which aceounts for about 90% of the vitamin E present in human tissues, The viramin
E activity of all is now conventionally summed in terms of the equtvalent value of
RRR-a-tocopherol ! (i mg a-tocopherol equivalent = 1.5 international vnits).

The biclogical aciion of vitamin E resuls principally and perhaps eatirely from s
antioxidanl properties; it prevents propagation of the oxidauon of unsaturated Fatly
acids by teapping free radicals. This is believed 1o be the basic function of vimin E
in animal tissues, where tocopherel is found in cellular membranes associated with
polyunsaturated (aity acids (PUFA) in phospholipids. In viamin E deficiency, the
oxidation of PUFA jeads 10 siructural and functional damape 1w cellular membranes.

Levels of deficiency and excess

Most dwers are an adequale source of vilamin E, and consequently for many years no
clearly defined deficiency syndrome could be described in man, and no clinical signsg
of deliciency are ever seen in individuals without gther metaholie defects. Children
and adults uwnable to absorb or utilise vitamin E adequately can develop a
characlensie and progressive neurglogical syndrome involving the central and
pefipheral necvous sysiem, reunz and skebetal muescles, after a poriod of vears
during which the plasmz 1ocopherol concenration has heen cxtremely low,
Appropniate reatment with vicamin E can prevent this il given sulfuriently carly.

A specific syndrome comprasing haemulytic anaemia, thrombaeyiosis and oedema
has been reporied in premature infants, but the introduction of milk Tormulas
vontaining adeguate vitamin E has resulted in s virtal dissppearance.
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(Jver the years there have been many claims that vitamin E in quantities much larper
than those needed 1o prevent any detectable deficiency may have beneficial effects
on various disease processes or in promoting better geaecral health. Most have nat
pained wide acceptance. Currently however there is much interest in a posiulated
role of antioxidants in preventing pathological processes in which free radicals have
been implicaied; particular atiention has been pard to vitamin E a5 it can act as a
free-radical scavenger. It has been suggesied that a penerous intake of vilamin E
might protect against, among other things, cancer, altherosclerosis, coronary heart
disease, cataracts, anhritis, ageing and air pollutants 2. For example, an inverse
relationship has been reported belween plasma vitamin E concentration and
coronary heart disease 2%,

Because of the numerpus reports of the beneficial effects of high doses, nois not
uncommon for individuals 1o consume large amounts of vitamin E, There have been a
number of doukle blind trials 10 investigate agh doses of vitamun E up 10 3,200 me/d.
Few adverse effects were reported and none consistently but above 2,000 mg
a-tocopherol equivalents per day some subjects showed inwestinal disorders
(diarrthoea and cramps} ®.

Methods of establishing physiological requirements

Since clinical vitamin E deficiency due (o an mnadequate supply in the diet does not
exist, some other marker of E staws is necessary, and a commeonly used onc is the
plasma tacopherol concentration. This however changes with the concentration of
serum lipids: as they rse tocophercl appears to panition out of cellular membrancs
ipta the cireulauon, The wcopherol concentration is therefore best expressed as the
serum tacopherol: total lipid ratio, bae the serum tocopherolicholesterol ratio is
almost as pood, and is more convenient to measure &

The major Munction of ¥iamin £ 15 believed w be the prowecton of cellular membrane
lipads from oxidation and a widely employed wst for thiz is 1o expose red cells fn
viere 10 oxidizing agents such as dilute selutions of hydropen peroxide. Below a
nlasma locopheral concentrauon of (05 mefd] (1 He pmel/l. tacophercl:cholesterol
ratio 2.25 pmolfmmal). the erythrocyes tend o haemolyse. A subsiantial decrease
telow this concentration is necessary 1o reduce red cell suevival bme am viver k
Mevertholess a plasma weopherot concentration of 0.5 mp/dl (116 pmol/L) o, beter,
a serum tocopheral: chelesiero! rado of 2 25 umolfmmel, is taken as an indication of
biochemical abnormalny, and it is considered wndesirable w have wcopherol
concentrations fall welow that.
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In favourable circumstances the plasma tocophero]l concentration can be mainwained
ibove that on not very large intakes of vitamin E — for some adult males, on not

much above 3 mg a-wcepherol equivalents per day, provided 1hey have a low intake
of PLUFA 8,

The requirement for vilamin E is delermined to a large extent by the PUFA content
of the tissues, which is influenced by the PUFA coment of the diet. Numerous
expenments have shown that increasing the PUFA content of a diet Jow in viltamin B
has adverse effects on E status *? and il there are very large amounis of PUFA,
substantial quantitics of exirz vitamin E wre needed to restore the plasma tocopherol
concentration (¢ an adequate level ¥,

Translation of these physiological requirements into dietary
intakes

A major problem in making recommendations arises from the fact that E
requirements are influenced by the PUFA intzke, There are wide variations in PUFA
consumption; the intakes of individuzls are not normally distribued but are skewed
with some guite Righ values. In a recent study of adult men in UK ®ihe 97.5 centile
intake of n-6 PUFA was 29 g per day. The amount of vitamin E required for such an
inizke of PUFA would be high. Te give such a value as the PRI would have the
undesirable effect of indicating to people with a much lower, but adequaie, intzke of
PUFA that they cught 10 take substantially mare vitamin E when they had ne need
1 do 5o

However, widely differing inwakes of PUFA are normally not a probiem in pracocal
vitamin E nutrition, Feods dch in PUFA 1end o contain large amounts of vitamin E,
50 bigh intakes of PUFA arc usually accompanied by comparably high intakes of
vitamin E. This 15 not always the case with a1l individuzal foodstulfs, but taken over a
mixed dier, the generalization seems to hold,

The difficulty in making recammendations ahout dictary intake of vitamin E is that
there is no good evidence that dictary viramin E deficiency exists, in parnt becanse
vitamiit E is widely distobuied in common faadstuffs, and accompanies the PUFA
that raese requirements, A recent demonsiestion of 1his was in a survey in UK % €f
763 adult subjects only Tt (0.6%) had serum tocopherobcholesterol ratios below
2.25 pmalfmmal.

There are various responses o this problem. One is 1w declare that, as viapally all
dicts are adequate with respecy 10 vilamin B, recommendations are UNDLCEssUry
except fur infant fomiulus.
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A second approach is 1o decide that since the diet as consumed is clearly adeguate
with respect to vitamun E, the recommendation shouid be based on current intakes.
In prosperous societies, however, most people seem [0 ingest more vilamin E than
they need 1o maintain apparent biochemical normality. In the recent survey of British
adults !9, of which over 99% had acceptable serum rocopherol:cholesterol ratios,
seven-day weighed dictary records (excluding vitamin supplements) showed that
the 2.5 and 97.5 centile intakes of a group of 1L.O87 males were 3.5 and 19.5 mg
@-tocopherol equivalents per day, and of a group of 1,110 females 2.5 and 15.2 mg per
day.

Another apparenily more logical approach is 10 make dietary recommendations or
vitamin E in werms of the dietary PUFA imwake. There is however no gengral
agreement about what the raue mg a-tocopherol equivalents:g PUFA should be, but
about 0.4 seems adequate in a normal Amcrican diet 11'2. Furthermore there is
evidence that even on a very low intake of PUFA, a substanual amount of vitamin E
i5 $till needad 7.

Suggestions have been made that imakes of vitamin E in amounts much larper than
normaliy considerad essentiai would raise plasma n-tocanhersl concentrations and
have health benefits. The evidence for this 1¢ as vet nsufficiently convincing, and
there 15 ¢ven less cenainty on what the effective daily amounis might be,

The cluim should be kept under review as the results of more wark, inchidiag, i s
hoped, intervention tnals, are published. Shauld it prove ree, the problem could arise
of disunguishing between true nutrient needs and the vse of nuotriems as
prophylactic drops 13,

Children and infants (6-11m)

A diet comaining (14 myp aaocapherol eguivalents per g PUFA seems adequate for
children. It 1s reasenable to assume (hat as in adults there 13 some basic
reguirement for vitamin E on a diet very low an PUFA, but there 15 no infarmauon
abowt what the amount might be. [n praoctice, there scems no cause for concern, as
there s po evidence of E deficiency in matabalically narmal chaldren.

Infant farmulae abwiys contaim adeguale amounes of sitamin B
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FPregnancy and lactation

Since vitamin E deficiency has never been reported during pregnancy and lactation,
even on quite low intakes !4, no recommendations for supplemcntation are made.

Summary of proposals

As the vitamin E requirement depends on the dietary PUFA intake, and dietary
PUFA intakes vary greatly between individuals, it is inexpedient 10 se1 a single PRI
value that would meet the known nutrdent needs of practically all healthy persons as
this would be misleadingly far too large for most of the group.

Similarly there seems little merit in giving an average requirement.

A requirement for vitamin E can be defined in terms of dietary PUFA intake, Vitamin
E requirement (mg a-tocopherel equivalentsy = 0.4 x (g dietary PUFA). There is no
evidence Lhat thes level would be inadequate for anyane, provided the value did not
fall below 4 mg/d for adult men and 3 mp/d for adult women (because of their smaller
body size. women would have less PUFA in their tissues needing protection).

Large doses are usvally harmiess, but should nou exceed 2,000 mg a-tocopherol
equivalems per day.

Claims that very generous intakes of vitamin E have beneficial effects on health are
nol being taken 1o account in making the present recommendations.
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18. Vitamin K

Physiclogy

Vitamin K activity is shown by a number of compounds containing the 2-methyl-1.4-
naphthoquinone structure, They include phylloguinone (the major dictary source),
which occues in plants, and the menaquineones, synthesized by bacteria 1.

Knowledge of the physiology of vitamin K has lapged behind that of the other fat-
soluble vitamins mainly because of the difficaltly of quaniifying the various forms. The
best dielary sources are green lealy vegelables. Much smaller but neveriheless
significant amounts are found in other foodstuffs of both plaru and animal onigin . It
i5 uncerlain te whal extent the inlestinal bacteria ¢ontribule vitamin K to the
hady 1.3.41

¥itamin K is reasonably well absorbed from the small intestine, but oaly poorly from
the colon, Like all lat-soluble vitamins its 2bsorplion in substantial amounts depends
upen normal prodection of bile acids and pancreatic enzymes. It is enhanced by
dietary fat. In malabsorplion syndromes uptake from the dict is very poor 1.

There is hittle storage of vitamin K in the body and wthere appears to be a fairly rapid
turmover, 50 a continual supply 18 necessary in the died

Vitamin K operates as an essential cofactor for a carhoxylase enzyme catalysing the
postzanslational carboxylation of specific glutamyl residues in some proteins 1o Lhe
v-carboxyglutamic form 2, The best known such prolcins are prothrombin and at least
five other proteins invelved in blood clotting. More cecent wark has shown tha 2
number of other proteins containing y-carhoxyplulamic acid reguire vitamin K for ther

hiosvnthesis, notably osieocalein in bone 2.

Deficiency and excess

Vilamin ¥ deficiency resuls in a bleeding syndrome conseguent opon a lack of
choting facwars. Na deficiency signs have been repurted as o result of inadeguate
produciuon of ather viamin K-dependent proweins,
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Clinical feawres may range from mild bruising o severe life-threawening
haecmorrhage. Delicieney can cccor in infants, who are born with low feserves and no
put fora, as breast milk is not a good source of the vitamin.

Clinical vitamin K deficiency is never seen after the [lirst few manths of life, except as
a consequence Of discase stales, e.p. malabsorption. the use of vitamin K
antagonists as anticoagulant drugs, long-lerm treatment with some antihiotics,
parenteral nutition without vitamin K 1,

No adverse signs have ever been reported from large oral doscs of vitamin K 5,
Menadione, a synthetic water-soluble compound with vitamin K activily, may induce
haemolylic anaegmia. hyperbilirubinacmia and kernigicrus in the newbom; these are
not manifestanons of hypervitaminosis K, but are side effects of an unphysiclogical
form 3.

Requirements

It 15 not easy w estimate human requirements because of the difficulty of inducing
vitamin K deficiency in normal subjects. Witamin K status has usually heen assessed
[fom the plasma conceniration of prothrombin, measured fram the cloting time in
standardized condilions (prothrombin lime}. Now more sensitive procedures are
now being used 10 measvre decreased activity of vitamin K-dependent clotting
factors, lowered serumn concentration of vitamin K and decreased urinary excretion of
v-carbaxyglutamic acid &,

In one experiment youny healthy subjects cansomed a diet, fram which foods rich in
vilarin K had been removed, 1o give approxmmately 50 ug phylloguinone/d. Blood
clodting appearcd normal, but there were signs that prothrombin biosynthesis was
nol aptimal, and there was a decrcase in y-carboxvglulamie acid excretion.
Supplements of 50 g phylloguinonefd restored these indices 1o normal *.

These findings are consistent with earlier work indicating that she requirement for
dictury vitamin K is ahout 1 pg per kg body weight per day 27

Censidering the difficulty of inducing vitamin K deficiency in heaithy suhjects, the
problem of monnoring vilamin K stalus sensitively and reliably, the wacerainty of
how much might be supplicd by intestinal bacieria and the lack of accurate values far
the amount of dictary K just sufficient 1o maintain normal funciion, the Comminee
ducided o make oo orecommendaton for vitamin Ko An inwke of 1 pg per kg body
wyeipht per day appears adequawe and would be provided by a normal mused diet,
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19. Calcium

Physiology

The adult male contains approximately 1.2 kg calcium (ie. 1.5-2 % of the body
weight), about 9% % of which is in the skeleton and the leeth: the residpal 1 % is
distributed between soft tissues (0.6 %) and the exwaceliutar fluid {ECE) {0.06 %)
inciuding plasma {03 %). The inwracellular concentration of calcium ranges from 15
mmolkg in muscle and platelets o as little as .02 mmalke in erythrocyies. Plasma
and ECF calcium concentrations are 2.0-2.5 mmol/L; of this approximately 10 % is
camplexed with citrate, phosphale, bicarbonate, and 45 9 is bound to circulating
proweins of which 80-90 % is bound to albumin. About 45 % is present as free caleium
1ons — this is the functionally active pool, and it 18 far in excess of the inwacellular
activily of free calcium, which is only about 0.1 pmalfL 12

Calcium in bone has a structural function 2s a component of calcium hydroxyapatie,
the principal hone mineral, which is complexed within the glycosaminoglycan ground
substance and codlagen fibees of the organic matrnix.

Calcium has an importani regulatory role; the thousand fold gradient boiween extra-
and intra-celluiar ionic calcium cencentrations is fundamental w cellular signal
transduction and amplification. An induced influx of calcium wngpers and aclivates a
variety of cellular physical and metabolic events such as enzyme activation, muscle
contracuion, neurctransmission, vesicular secretion, cellular aggregation,
teansformatian and cell division.

Alhough some calcium is absorbed in the distal bowe) most is 1zken op in the
proximal inlcstine via a carrcr-mediated pathway and by diffusion which may be
paraceliular. The former involves a calcium-binding protein which transfers the
element across the cnrecrocyte 1o the baso-lateral membrane where i is exiruded by
Ca-Mp ATPuse. When calcium requirements are increased, circularrng
concentrations of calainel {1.25-dihydroxychalecaleiferol) increase, upregulating the
carmier-depeadent ahsomption of calcium,

Willun the inwstinal lumen diwtry components such as phytate, oxalate, alpinate.
aronate, phosphate, and unabsorbed lipids may bind czleium and redoee s
absorpton, {n the other hand the luminal availashility and absorption of the element
v enhanced hy lactose, phosphandic acid, amino acids, succase, and increased

. - 1
mraluminal pH *
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Calcium excretion occurs via both the gastroiniestinal tract and the kidneys. The
urinary conlent ol calcium is related cleosely 1o the dietary intake of the element. Up
1w 97 % of the calcium eniering the renal glomerular filtrate can be reabsorbed. The
remaining 3 % may represent an ‘obligatory’ urinary loss of calcivm which is
considered as a sigrificant determinam of calcium requirements. Unnary calcium loss
rises with increasing intakes of sodiem and protein; however the latter effect may be
offsel by the accompanying high phosphorus intakes in the prowin sources.

Calcium homoeosiasis controls and protecis the mewabolically viwal plasma pool of
tonised calcivm by simultaneously modifying 45 absorption, renal excretion and
turnover in the mobilisable pool in bone. The principal regulators of these processes
are parathyroid homone, calcilenin, and calgitriol 4.

The secrelicn of patathyroid hormone is inereased in response (0 low plasma ionised
calcium concentrations and, possibly, low plasma magnesium concenirations.
[nitially this increased secrction is efflected by increased cellular production of the
hormone itsell’ but with chronic hypocalcaemia parathyroid hyperplasia sustains the
increased secretion of hormone. Parathyroid hormone increases renal excretion of
phosphawe and retention of calcium. It also sumolates the 1| a-hydroxylaten of
caleidiol (25-0OH cholecalciferel) to caleitriol: thereby having an indirect effect on the
inlestingl absorption of calciom. Parathyroid hormange mav alsa have a direct effect
on the enteracyte. The hommone increases bone turnover and the release of caletum
from the freely exchangeabie caleium pools. It docs s Mirst via the surface
osteocytes and in the long term by increasing the number of bastc multicellular unns
{BM1} which medizie and coordinate hone turnover,

Caleitriol stimulates intestinal caleium uptake by increasing the enterocytic
production of calcium-binding prowin. Tt also induces the maturation of osteoblasts
thereby sumulatnyg caleificaton of bope maurx, whilst simultaneously blocking bone
reserpuan by inhbiting parathyreid hormone production. Caleilonin 1s secreted by the
thyrond C cells in response 10 high plasma ionised calcium activity, which it reduces
by mnemasing the renal excretion of calcium and reducing osteoclastic activity.

{nher hormones including the female sex hormones, mincralocorucaids, the thyrod
hormaones, and parathyrowd hormone-related protein have a dircet o indiregt elfect via
the BRU on skelews] mincralisation and caleium metlabolism hol the precise
nicchanisms are nol clear.
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Deficiency and excess

Acute calcium deficiency ansing from dietary onigin is rare, the exception being young
infants fed infant formulas with an inappropriately low caleium:phosphorus ratio, The
features are muscular weakness and tetany resoliing from reduced ECF ionised
calcium activity. Thus leatures of calcium deficiency are commonly seen in severs
systzmic alkalosis in which ionised calcivm levels zre reduced.

Chronic calcium deficiency causes a reduction in bone density in children and may
contribute to an increased fraciure rate; it ts debatable whether or not il causes
growlh retardation in children. Similasly the role and importance of an inadequate
calcium intake in the pathogenesis of ostcoporosis is not clear, Adcguate bone
formation depends on many nutrients and similarly the actiology of oslecporasis is
probably multifactorial *. Tt is uncenain that current calcium intakes play a major rale
in the pathogenesis of uvstcoporosis *-%. Although calciom supplements (1 g
calcium/d) stow 1the loss of bone density in esitablished posi-menopausal
05t¢oporosis, this needs to be further evalvated in the context of the similar, or
possibly cxtra, benefits which can be achieved by cxercise, vitamin 1) or hormone
replacement therapy 82101002 o by changes in tifestyle and calcium intakes in
carlier life.

Caleium ¢xcess ansing from dictary intake is rare becauss of the effecliveness of the
homaeastaus mechanisms. In healthy individuals, intakes of 2.5 g (625 mmol) are
tolerated. At inlakes above this, as may occur with ingestion of supplements of
calcium {and sumetimes of vitamin DY or of amtacids, there is 2 risk of renal stones,
hypercalcacmia and impaired renal function,

Requirements

Adules

Since plasma jonised calcium activily is maintained by mobilisation of skeletal
cal¢ium stores, as well as by necreased net inlesiinal absorption and renal
conservition of the element, il the dietary imake of calcium is mnadequate the plasma
ionised calvium can be maimained for a boag time at the expense of the skeletal poal.
The approsimately thausand fold bigger size of this endopenous resource of calcium
compared with inpested amownts (SE-1000 me daily) makes 0 difficult w esiablish
reliable candiions under which oblipatory losses of calcium can be gauged againsty
dictary ntakes. Adthough metabolic halances have heen used 10 analyse the
adeguacy of calcium requirerents, ¢xperience has shown that few siedies allowed
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sutficient lime for sysiemic and inestinal adaplation to alwered dicrary intakes 1o
occur or measured simullaneowsly the systemic hormonal homorostatic adaptatian,
The prelonped studies of Malm ® suggest that with time adull men can adapt o a
calcium intake of 400 mg/d, but most metabolic studies have uscd inlakes in excess
af this and exirapolation of the data is limited also by the variable hicavailability
arising frorm the various diets used.

Bone density or the incidence of OSICOpPOrQsis were not considered suitable
measurements for determining calcium requirements because they are both subject
(o many physical, genetic and nutritional influences 5.

Requircments have been estimated on the assumption that the principal determinant
is the obligatory loss of the element via skin. facces and uring, with additional
estirated increments for skelelal growth and consolidation. In adults the needs for
bene growth are minimal even though some 10 % of bone consolidaton oceurs during
the third decade. No reliable data are available on losses via sweal and the
inlcguments although these may not be ncgligible ®. A level of soch nonfaccal Josses
including “obligatory urinary loss’ has becn faken as 160 mp/d. Assuming
tonservalively an absorptive cfficiency of 30 S this translates to an average
reguirement of 330 mg/d (rounded o 550 mg/dy which with a 28D distibution comes
10 700 mg/d as a PRI with the LTT being set at 4(K} mg/d. [This may be a generous
recommendation, and al an altemative, and nat unlikely. absomptive ¢ificiency of 40 %
the average ‘systemic need' wauld be met by an intake of 400 mg {+25D = 520 mga)).

An upper limit of intake of 2.5 g/d is advised.

Children

Between the apes of 1 and 10, the averape daily calciem relention needed for
skelewl growth has been cstimated 10 rse from 70 1 150 mg/d B The PRIs given
are based on the assumption tha there s a net absorpuion of 35% of dielary calcium,
with 3% (considered as equivalent 1o 25D being added to the caleulated ANt 16
allow for individual variation.

Inthe absence of reliahle infarmation. the PRI for 611 months ¢id infants was taken
as the same as for -3 year olds,

PRIs for adolescents are rased above those for adults w reflect the increased
requirements for skeletal development. They are derived from a mean relention of
25 mgdd in girls and 30 med in hays, assuming net ahsomption of 0% of duerary
caloium, again with W% being added w cover indraduz) variation,
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Pregnancy

There appears o he no spontansous increase in calcium ¢onsumplion by pregnani

women. The physiclogical way of obaining the calcium required for faal growth
incledes an increased efficiency of dietary absorption and the mobilization of calcium

from maternal bone 'Y, There seems 0 be no need 1o increase the dietary calcium
intake during pregnancy.

Lactation

The cal¢ium required in the milk is normally obtained from the sponancous increase
of food ntake by lactaung women, On the assumption of an absorplion efficiency of
4%, plus an aliowance for 25D, an extra 530 mg/d is proposed lor lactating women,
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Summary

Adults mg/d
Average Requirement 3350
Papulation Heference Intake 700
Lowest Threshold Intake 400

Population Reference Intakes of other groups

Apge Group PRI (mg/d)

&1t m 400
-3y 41X
4-6y 450
P-1y 350
Males 11-14 y 1000
A7 ¥ HKX)
Females il-14y £iX)
15-17 y #O0
Pregnaney by
Lactation 12K
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20. Magnesium

Physiology

The adult male contains 20-28 ¢ magnesium; 60-65 % of this is in the skeleton: only
aboul 1 % is in the extracellular fluid, and is distobuted similarly Lo calcium in the
plasma; the rest is intraceltelar where its aclivity concentration is tightly repulated !
Magnesium is essentiai for mineralisation and skeletal development and for the
maintepance of the transmembrane electrical potentials in nerves and muscle. It also
serves as a cofaclar for the phosphorylated punine nuclcotides and hence all related
¢nzyme activiues, It is involved in the structare and replication of nucleig acids, and
the nbosomal binding of mEMNA. Thus magnesivm is vital for the regolaon of cellular
metabolism and the synthesis of proteins,

BMagnesium is absorbed by a carrier-mediated mechanism and by a non-specilic
diffusianal proccss 2, Reported intakes cange from 132 to 350 mg for women and 157
ta 595 mg for men with respective means of 234 and 310 mp 7. in the UK dietary
survey corresponding means of 237 mg (9.8 mmaly and 333 mg (13.3 mmall were
recorded 7. At such intakes there is great vanahility in the efficiency of absorplion
and rewention: average net absorpucens of 21 % and 27 58 have been reponed 1 men
and women respeciively °. Absorption of magnesium is adaptive, ab intakes in
excess of 2 g/d 1he element is poorly absorbed. Phytate, calcium phosphate and long
chain triacylglycerols may impair the intestinal absorption of magnesivm but since
there is very little evidence of magnesium deficiency arising from the diel. there is
very littde defnitive information on factors infltuencing its bioavailability. Systemic
homocostasis of magnesium 15 achieved pnmarnly through renal excretion. at Jow
diclary intakes there is mereased absarpoon and renal conservaunon of the element,

The endoceme control of magnesium homoenstasis and metabehism as undersiood
poarly, The parathyroid hormone responds w acue chanpes in extracellular (serum)
concentrations of mapnesium n the Same way as i dees 10 alierations in iomsed
calcium weuvity; thes, in response w1 sudden drop in serom magnesium, the
produciion of parathyrod hormone ingreases, therehy enbhancing both the tenal
canscrvanon of the element and its release from the skeletal pool '
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Deficiency and excess

Curreni dietary inakes of magnesiom are adequale but systemic magneésium
deficiency can result from other conditions such as intestinal and pancreatic
malabsorption syndromes, the use of divretic drugs 2nd increascd requirements
anising from rapid tissue synthesis, e.g. during recovery from malnutntion, for which
as an intraceliular cation the ¢lement is essential.

Deficiency is manifested by aliered metabolism of calcium, sodium and potassium,
which is reflected in altered function of skeletal and cardiac muescle, muscle
weakness. and (s, Tetany may develop with a resistant hypocalcasmia arising from
reduced secretion of parathyroid hormone and end organ hyporespansiveness,

Large intakes (e.g. 3-3 g of the element) induce infestinal secretion and diarrhosa,
since renal exereton of excess magnesium is 5o cfficient. such ingestions usoally
have mimimal direct systemic effects, but sysiemic excess, such as may arise from
large intakes of magnesium salts by individuals with renal insulficiency or from
intravenous administration. can cause central nervous system depression, with
muscular parafysis and deah %.

Requirements

Adults

Magnesium is ubiguitous in the diet; both plants and meats are pood diciary
sources. Early balance studies suggested that adull requirements may be as high as
100 me/d 7 but imerpretation of these is difficult hecause of analyiica) difficulties and
the long ume noeded to achieve equilibrium *. Addinonalty the improved efliciency,
on restncied intakes, of bolh inestinal absorplion * and increased renal conservation
of magnesium make it difficult in the ahsence of more definitive siadies 1o propose
any PRI with conflidence. One siudy '0 has segpesied ihat normal adolts can achieve
positive balunce on 3 mpfkedd over 2 6-9 day period. Evaluaticn of the variance of
such balance data suggests that meakes of 3.4 mg/kg would be assaciated reliably
with 3 net halance ' Actual requirements may well he below this; and. in the
absence of better physiological daa with which o esablish reliable reference
intakes, an accepiable ranpe of mtakes of 150-500 my /d is propoused on the hasis of
ohserved inkes,

This range of wakes widl also cover pragnancy and laciation.
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Children

The difficultics in proposing a reliable PRI for adults are more prondunced in children,
for whom data are cven more scarce, If however some guidance is reguired, rough
csiimates can be made by calculating average requirements for groups on the basis
of body weights. Factors can be nsed ranging from 7 mefkg body weighvd ar 6-11
months (slightly higher than the intake from breast milk at & months) (o 4.2 mg'kg
body weight/d at 15-17 years (slightly higher than the 3.4 m/kgld which appears
adequate for aduits). An extra 30% is added to allow for individuzl variations in
growth. The quasi - PRIs thus calculated are {mp/d): 6-11 months, 80; 1-3 years, 85;
4-6 years, 120: 7-10 years, 200 11-14 ycars, 280; [5-17 vears, 3({). These guCsses
should be treated with caution. The amounts would cerainly be adequate, and it is

highly likcly that they are over-generous, but the data are too sparse (0 Ssuppon pood
eslimates,

Summary

Acceptahie Range of Intakes for Adules: 150-500 ma/d.



Muriign. Chaper 20, Magnesium 1-12-1992 161

10

11.

References

Shils ME. (1988). Magnesium in Health and Diseasc. Ann Rey Nuir, 8: 429-460,

Milka PJ, Aggeu P, Woiff OH, Harries JT. (1979). Swdies in primary
hypomagnesaemia; evidence for a defective carricr-medialed small intestinal
transport of magnesium. Gue, 20; 1028-1033,

Joint Nutntion Monitoring Evaluztion Commiuee, Nutrition Monitoring in the United
Stawes, (1984). DHHS Publication 86-12535, Washingion DC: US Government
Prinung Cffice, 356,

Gregory J, Foster K, Tyler H, Wiseman M. (19900, The Dictary and Nuiritional
Survey of Brivish Adults. London: HMSO.

Lakshmanan FL, Rao RB. Kim WW, Kclsay JL. {1984). Magncsium intakes,
baiances and blood levels of adults consuming self.selected diets. Am J Clin Nurr,
&G 1380-138Y.

Mordes IF, Wacker WEC. (1977}, Excess magnesium. Pharmaced Rev. 29: 273-300),

Seclig MS. (1982), Mapnesium requirements in human nutnition. F Med Soc New
Ferzey, T BdY9-K54.

Marshall DH, Nordin BEC, Speed R. {1976). Calcium, phasphorus and mapnesium
requirement. Proc Nuer Sac, 35: 163-173,

Schwartz R, Speacer H, Welsh 110 (1984), Magnesium absorption in human subjects
from leafy vepetables intrinsically labelled with siable 29 Mg, Am J Clin N, 39:
371-576.

Jones I Manalo R, Ehink EB. {1967 Magnessum requirements in adults. Am f Clin
Mulr, 200 637635,

Health and Weltare, Canada, (1990 Nurrition Recommendanions. The Repore of the
Soivatific Review Cometinee, Outawy: Capadian Governmuen Pohlishing Contre,



21. Phosphorus

Physiology

Bevween 80 and %3 % (600-300 g) of phosphorus exists a5 phosphale in the calcium
sall hydroxyapatite in the skelewon. The residue is in soft tissues as phosphate,
mainiy as a component of proteins, phospholipids and nucleic acids: 5-20 mmo! {0.2-
0.6 g) is present intracellularly in a large variety of phosphorylated compounds (e.g.
adenosine triphosphate {ATP), guanosing iphosphate, etc.} which are needed for
metabolic energy transfer and storage processes, enzyme activation and control,
Furthermore via the imerconversion of HP{]dE' and H.P(, " phosphorus contributes

ta exiracellutar and intracellular acid-base regulation,

Absorption occurs throughout the gut. At least 80 % of diewary phosphorus is
absorbed; at Jeast one carrier-medized process and diffusional component is
involved. The former mechanism is stmualated by calcitfiel. Within the intestinal
lumen ¢omplexes of phosphorus with minerals and amino acids may limit its uptake
by the gut mucosa. Plasma inarganic phosphate concentration is nomally 0.8-1.4
mmol/L. Homocostasis is achieved by urinary excretion, and there is a prompm
tncrease of urinary phosphate in respanse (o inércased dietary intake .

Deficiency and excess

Hypophosphataemia with inwracellular depletion of phosphate is associated with
muscle weakness and aliered tissue oxygen tension, perhaps arsing from defective
synthesis of ATP and impaired delivery of oxypen to ussues as a conseguence of
depletion of red cell 2 3-diphosphoglycerate content. Prolonped moderate
hypophosphataemiz keads 1o ostcomalacia, Excessive dietary intake 15 tare because
renal excreton is efficient. ln diseases prolonped hyperphosphataemia can result in
ahnormal calaficanon of soft tissues and acuie hyperphosphatacmia increases
calcium binding and can precipitate features of hypocalcaemia including tetany.
Although adults can rolerate sarying CwcPoratios an therr diets withouwt gross
distorhances of their metabelism of caleium, infants canmon. A Co:P molar ratio of 0.9-
1.7 i diews Tor infant, s considered safe.
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Requirements

It 15 suggested that phosphorus intakes should correspond on 2 molar basis with
those for calcium and roended values are proposed accordingly.

Summary
Adulis meg/d
Average Requircment 400
Population Relerence Intake 350
Lowest Threshold Intake ELLY

Population Reference Intakes of other groups

Age Group PRI img/d)
6-11m EILY
-3y 0
A6y 350
710y 450
Males 1114 y 775
15-17 y 775
Femptfes Pl-1dy 625
15-17y 625
Prepnancy 550
Lactation 50
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22, Sodium

Physiclogy 12

Soditm is the prncipal cation in extracelular fluid. lis physiological roles include the
maintenance of (1) exiracellular fluid volume (ECF), which is related closely to total
hody sodium coment, {ii) extracellular fluid oncotic pressure, (iti) acid base balance,
{iv) electrophysiclopical phenomenz in muscle, neuramuscular and nerve impulse
transmission, and (v} peneration of transmembrane gradienis essentisl for the
energy-dependent carrier-medialed vptake of nutrients and substrates by cells,
including hepatocytes and those in the intestinal mucosa and renai tubuies,

A typical adult male has a total bedy sodiom of 4 mol {92 gk of this 0.5 mol (11.5 g)
i5 in the intracellular fluid at an activity concentration of 2 mmal/L (46 mg/L)., and 1.5
mol (34.5 g} 15 sequestered in bone, About 2 mol (46 g) is in the ECF at a
concentration of 135-145 mmol/L (3.1-3.3 gA.).

Net intwesiinal absorption of sodium occurs in the distal smadl itestine and colon: its
concentration in the ECF is maintained by the kidneys. Daily 25 mol (575 g) sodiur
enters the glomerular filtrate; since daily diewary intakes {sav 50-150 mmoi. 1,15-
345 gy represent only 0.2-0.6 % of this amount, almosi all of this fillered sodium
must he reabsorbed o maintain sodiom homoeosiasis.

Renal sodium reabsorption is highly efficient and adaptable. Repulation of the sodium
content of the ECF is closely related 1o the systemic control of the ECF volume. If
the body sodium burden iz increased, water is also retained and ECFE volume
increases; conversely, 1f the body sodium burden falls the ECF volume decrouses.
The overall regulation of these changes is unclear ' Changes in ECF volume ace
detecied by seasors of pressurc and distension which are located in the cardiac atria
and right veniricle, the pulmonary vasculature, the carotid arteries and the aoruc
arch. From these sensors alfferent nerve pathways end in the medulla and
hypathalamuys, When ECE or blood volume falls retention 15 stimulated, sympathetic
nervous activily increases, stimulaung the nerves supplying the affecem renal
arterioles ta induce vasocansinetian and therehy producing a redisiribution of renal
hlood fAow which, by reduong glomerular Oliration, ingreases sodium and water

reienlionm.

Addnignally, sympathetic nervaus stimulauon of the juxtaglomerular apparatus
increases production of renin. This in turn leads 0 an iocrease in circulating
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angigtensin 1L adrenal medullary sccretion of noradrenaline and adrenaline, and
pituilary release of adrenocorticatrophin (ACTH) and antidisretic hormane {ADH).
ACTH and angiotensin I induce adrenal cortical secretion of aldosterone and other
minerajocoricoids which stimulate sodium rewention and patassium loss by the
kidneys and the distal bowel. Increased secretion of antidiuretic hormone promoies
sodium reabsorplion from the renal distal whules and probalbly the colon,

Renal sodium excretion is increased by factors which include specific natriureie
hormaone, and vasodilators, parathyroid hormone, prostagiandins and kinins. The
adull kidney can regulate sodium excreuon at between 0.5 and 10 % of its filtered
foad. Under normal circumstances virtwally all dictary sodium is absorbed and daily
urinary loss matches this amount ¢losely after allowance is made for that which may
be tost in sweat

Deficiency and excess

The rele of higher sodium intakes in the pathogenesis of hyperiension has gencraled
much interest 243674 However other factors, such as low intakes of potassium
(sce chapier 23}, linle physicat activity, mental siress, aleohal consuvmphion,
smoking and high body mass index, are contribulory (g the development of
kyperiension *°. Indced obesity is associaled with ap increased sensitivity o
sodium-induced hyperension ®. Tt has been suggested that absence of these adverse
factors, rather than lower sodium intakes alone, is responsible for the lower btocd
pecssures observed in econemically less developed communities campared with
thase seen in developed societics, Nevertheless, after allowance 35 made for such
confounders, 4 relationship siill exists bewween urinary sodium excretion {assumed
10 be a marker of intake) and increasing blood pressure with age *. A tecent mela
analysis of studies of the relationship between sodium intake and blood Pressure
strongly wmplies that the causal associaiion has heen underestimated ©7. When
published epidemiclogical swudies and clinical tnals in economically advanced and
non-advanced populations were analysed separately o minimise the socic-cconomic
vanahles mentioned, there was apparent for both types of community, and amongst
individuals within such communilies, an gssociation hetween sodium inwke, and
increasing systolic and diasiolic blood pressures. This relalionshup was continuous,
1.¢, there wis ne threshold of sodium intake below which the effect did not exise i
affected all age groups and it increased progressively with age. This reanad ysis then
applied the regression equations of blopd pressure apainst sodiom inake derived
fram the initial pooled swdy o caleulate for cach age grouwp the polential falls in
hlovd pressure which would resull from reductions in sodium snwakes . Since the
major source of sedium i the diet is salt these predictions were compared with
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observed Malls in Blood pressure arising from intervention trials of reductions of salt
intake on blood pressure. For trals lasting five weeks or longer the predicted and
observed reductions mawched ¢losely. From this it was deduced that dietary salt
reduction would have an appreciable effcer on reducing monality lrom ischaemic
heart disease and stroke 3.

Requirements

Adults

The determination of a meaningful PRI and Average Requirement (or sodium intake
is difficult and 2 ranpe of intakes 1s proposed for adults.

Healihy adults mainain a sodium halance an mtakes as low as 3-20 mmoi/d (69-460
mgfd}, and some healhy populations have cusiwomary daily intakes ol less than 40
mmol (920 mg), possibly cven as low as 10 mmol/d (230 mp/d) 349 The later intake
requires maximal adaptation W conserve sodium; o allow for changes in physical
activity and climate it is thought prudent to set a lower ntake at 25 mmol/d (575
mgtd).

O the basis of current evidence miakes in cxcess of 200 mmal (4.6 ¢} sodium daily
would be associaled with a sigmificany risk of high blood pressure, especially in older
pecople ®7F. ideally intakes should be lower than this 1o reduce or prevent
hyperiension and the attendant Ask of cardiovascwlar and cercbrovascular disease in
the populavon in general, On the basis of whe recent analvses, it is proposed that an
upper imie of 150 mmolfd (3.5 p/d) be set.

Cirtldren

The evidenee s msufficient 10 give any eommendations far children.
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Summary

Adulrs:
Accceptable Range of Intakes 3753500 mgfd

(25-150 mmo¥/d}
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23. Potassinum

Physiology

Polassium 15 predominantly an intracellular cation. This comparimentalisalion is
mainwined by the energy-dependent cellular uptake of the slement and simultaneous
ex¢retion of sodium by the cell membrane bound enzyme Na-K ATPase. This
process is fundamental to the cellutar uptake of molecules against electrochemical
and concentration gradients, 1o the electro-physiology of nerves and muscle, and 10
acid-base regulation 122,

An adull male comains approximataly 40-50 mmol (1.6-2 g¥kg body weight, on
which basis 2 75 kg adult would contain 3000-3750 mmol (1]7-147 £) potassium. Al
least 95 % of this is intracellular a1 an 2clivily concentration of 150 mmol {5.9 EXL.
the remainder is in the ECF a1 2 concentration of 3.5-5.5 mmol (137-215 mg)L. The
total body potassium reflects lean Gissuc mass and conscquently varies with
musculaniy.

The syswemic homoeostasis of potassium is undersiood imperfecly. Qwer 90 % of
dielary potassium is absorbed in the proximal small intestine, possibly by a
combination of diffusional mechanisms and solvent drag. The body coment is
regulated by the renal glomerular Gltration and whbelar secretion but up o 10 % of the
daily loss of potassium can oceur via the distal ileum and colon: additipnally a small
amount s dost in sweat. The glomerular filration of potassium is approximately 3 %
of that for sodium, and amounts to only about 630 mmol (26.5 E¥d, however, renal
tubuiar secretion of the element, which is regulawed predominantly by aldosterane
and other mineraloconicoids, is highly efficient and the kidrey is able 10 excreie
potassium considerably in excess of its hitered load, As lang as renat function is
normai, on habiwszl dierary intakes it is almost impossible to induce poiassium
excess, An addianal but usuzily less imponant regulation of ECF and plasma
polassium excess s achicved by the capaciy of cetls induced by plucose and insulin
w take up the element.

-

Deficiency and excess

Patassium deficiency arising from inadequaie dictary intake 15 unlikely because of
the ubiguity of powassium in all foodstoffs. Poussium deficiency alters the
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electrophysiolagical phenomena of cell membranes, This causes weakness of
skeletal muscles and the effect on cardiac muscle is reflected by electrocardiographic
changes characienistic of impaired polarisation. which may lead 1o arrhythmia and
cardiac arrest. Similar fungiional changes in inlestinal muscle cause intestinal ileus.
Mental depression and corfusion ¢an also develop.

The reported intakes of potassium by Western populations are 40-150 mmal (1.65-9
gid 4. An inverse correlation exists between increased blood pressure and urinary
porsssium excrelion or urinary Na:K excretion ratios *. An adequate potassium
intake is needed to achieve effeclive homoeosiasis of sedivm. Yoeng normotensive
men on a potassium intake of 10 mmol/d {390 mp/d) were less able to excrete an
imposed sodium excess than when they had a polassium iniake of 90 mmol (3.5
g¥d ?; simultanecusly their bloed pressure increased. In the Intersaht study urinary
potassium excretion, an assumed indicator of polassium intake, was negalively
related w0 blood pressure as was the unnary Na:K concentration ratio *. Increasing
potassium intakes 1 levels achievable with cusiomary diets [Le. 65 and 109 mmol/d
(2.5 and 39 gfd)] redueed blood pressure in normoiensive and hypertensive
individuals and increased unnary sodium loss #7. This effect of polassivm on blood
pressure is supporied by a recent mewa-analysis of published reports . It has been
calculated that an increase in potassium intakes from 60 o 80 mmolid (2.3 ta 3.1 a/d}
could induce a fall of 4 mmHg systolic hlood pressure and that this could passibly
achieve a 25 % reduction in deaths related o hypertension ®.

Requirements

Adults

Renal and faecal losses cach amount 10 about 30 mmol {390 meid and there are also
integumental Insses, However, an intake of 40 mmolid (1.6 ¢/d} is necded to avoid
inw plasma potassium concentrations and loss of 1owal body potassium * and on this
basis a lower intake of 40 mmoaolfd (1.6 p/d) is sugpested,

An Averape Requirement is not set. (On the basis of the evidence cited earliee, a PR]
of 88 mmolfd (3.1 pfd), which would alse cover pregnancy and lacuation, 15 preposcd.

This intake could he reliahly achieved by an appropriae intake of vegetlables, frui
and denived juices, rather than by the use of potas<ium salts as substilutes for
sodium chlonde '° because such measures if pursued indiscriminately could result in
tntakes at which oxicny might develop in individuals with undetected renal
mnsuflicicncy and ahnarmal rewention of polassiun. Inakes ahove 450 mmol {17.5g)/d
induce symptomatic hyperkalaemia in some otherwise normal individoais and can
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thus be used as a threshold for acule toxicity, but such intakes are highly unlikely to
arise from usval diets. However, for chronic intakes, intakes above 150 mmol {59
giid could be dangerous for individuals with undetected renal dysfunction !9,
Additionally, since there is no apparent benefit of exceeding an imake of 150 mmol
(3.9 gl/d, this is proposed as an upper safe level of intake.

Children

The basal losses ol children are not known reliably. Lirtnary excretion has been
reported as 0.7-2.3 mmol {27-90 mgld. The amount needed for growth and lean
lissue synthesis has been taken as 50 mmai (2 gWkg, With these and other factors
1o allow for faecal losses {(which are hipgher in children) and for megumental lasscs,
PRIs lor ages up to 17 were estimated factorially.
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Summary
Adults mg/d mmaol/d
Population Reference Intake 3100 80
Lowest Threshgld Intake 1600 40

Poputation Reference Intakes of other groups

Age Group me/d mmol/d
6-11m 800 20
1-3y 800 20
4-0y 1100 2K
T-10y 2(KX} A0
Males Il-14 ¥ 3100 0
517y KLLY, B
Femafles 1i-14 y kALY Al
15-17 ¥ 300 1Y,
Pregnancy 3100 Ei}
Lactalion R3LL L i




(74 Repons of e Sciemific Commiltee Tor Food: 3150 series

[ LE

References

Pius RF. (1968). Physiology af the Kidney and Body Fiuids. 2nd ed, Chicago: Year
Baok Medical Publishers.

Patrick ). (1977). Assessment of body potassium stores. Kidney far, 11: 476-490.

Lult FC. (1990}, Sodivm, chloride and potassium. In; Brown M, ed. Present
Knowledge in Nurrition 6th Ed. Washington DC: Imernational Life Scicnces
Instilute Nutrition Foundation, 233-240,

[nicrsalt Cooperative Research Greup (1988). [ntersalt: an inernational swdy of
clectrolyte excretion and blood pressure. Results for 24 hour unnary sodium and
polassium cxcretion. Br Med J 297 319-328.

Krishna GG, Miller E, Kapoor §. (1989). Increased blood pressore during podassium
depletion in normotensive men. N Engl J Med, 320: 1177-1182.

Rose G. (1986). Desirabulity of changing potassium inake in the community. In:
Whelton PK, Whelton AK, Walker WG, eds. Porassium in Cardivascular and Renal
Disease. New York: Marcel Diekker, 411-416,

Matlou SM, Isles CG, Higgs A, Milne FI, Murray GD, Scheliz E, Starke [F. (1986}
Potassiom suppiementation in Blacks with mild 10 moderate essential hypertension.
S Hyperien, 4; 61-64.

Cappuccio FP, MacGregor GA. {1991). Does poassium supplementation lower
blocd pressure” A meta-anaiysis of published tridls. f Hyperien, 9: 465-473.

Scbastian A, McSherry E, Morns RC. (1971}, Renal potassium wasting in rengl
whelar acidosis (RTAY its occurrence inwypes 1 and 2 RTA despite sustained
correctan of systemic acidosis. J Clin frveny, 50: 6676758,

Swales TDn (19910 Sale substituies and porassium indake. Br Med J 303: 184
RS,



5353

24. Chloride

Physiology

Chloride is the major extracellular and inwracellular counter anion o sodiom and
potassium: 76 % s in the ECF, and the remainder is in the intracellulac space,
connective tissue and bone 12 Total body chloride in adull men is ahout 33 mmol
(1.2 g3 kg body weight, Flasma chloride is maintained at 95-107 mmol/L (3 4-3.8
g/L}; its coneentration in intersiitial fuid is sliphtly higher, whereas the intracellular
concentration ¢f chloride has been varyingly reporied hetween 4 and 25 mmol/L.
Chloride is absorbed passively in the proximal small intestine, where it follows the
electrochemical pradient created by transport of the major cationic electralytes,
[ntestinal scerction of chloride occurs proximally but the anion is conserved disially
by uplake in exchange for bicarbonate. Dietary chloride deficiency has been
deseribed only once. in healthy infants who were fed an infant formuoia which,
accidenually, provided less than 2 mmol/L ¥ [t has been sugpested that chlonde may
imeract with sodium in inducing hypenension 43,

Requirements

Daily chlonde inwke 55 derived principally from sodium chlorde. Since the diptary
tntake and sysiemic metabolism of chloride match elosely, and are dependent on
sadium, it 15 suggested that in the absence of more defimitive information the
requirements of chlonde showtd maich those for sodiem.
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25. Iron

Physiology and metabolism

Iton is present in all cells in the body and has several vital functions: as a carier of
oxygen to the lissues from the lungs, in electron transpon in cclls and as an integral
part of rmponant enzymes.

The main part (>65%} of the iron in the body is present in the red cells as
haemoglobin. In average adull men and women, approaching 3 mg and 2 mg iron
respectively is it the form of haemoglobin. Myoglabin, the oxygen reserve in muscle,
amounts ¢ about 10% of the body iron. Iren is the functional portion of the
cytchromes, essential for harmessing the energy of metabolized [oodstaffs, and it is
present in enzymes which play other key roles, for example, as signal-controlling
substances, in 30me neurclransmitior systemg in the brain such as the dopamine
and serototin sysiems. The amount of iron in ¢ylochromes and enzymes is small,

The body has three unigue mechanisms far maimaining iron balance and preventing
iron deficiency and iron overload.

i.  Storage of won, Femitin is a protein adapted (or the reversible storage of iron.
Iron stores are especially important for women o meel the excessive iron
demands in the last trimester of pregnancy. The amount of siored iron is
about 300-700 mg in 25-30 year old men. In women (he amounts are much
less. In most European countries at least 20-30% of women in the fertle ages
hawve no iron stores at all.

2. Reunlizagtion of iron. Iton is not lost fom the body with urine or facces bt
only with losses of cells, including Bleeding. Iron is requircd 10 cover such
lusses and to supply the body with the needs for grawth, including prepgnancy.

3. Regulation of iron absorption. The body wnes 10 mainain iron balance not by
rcpulaung the losses of irga but by controlling the ahsorpuon of dictary iron,
This control is not perfect but still af great imponance for the prevention of
wan deficieney and exeess b
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Deficiency

When less iron is absorbed than is needed to cover iron losses and demands far
growth and pregnancy, body iron steres, if present, are Ffirst depleted. When the
stores are exhausted the supply of iron to various tissues is compromised. Tran
deficiency can thus be defined as a state with an ahsence of iran stores. This siate
can be recognized clinically by the absence of stainable reticular iron in bone-marrow
smears or more conveniently by 2 Jow serum ferritin {e.g. <15 p/L). The insufficient
supply of iron 1o tissues depresses crythropoiesis. The haemagiobin level 15 reduced
and a1 a certain point falls below the lower normal limit of the population. This is the
rather arbitrary definition of iron-deficiency anacmia,

During the depletion of iron stwores the absorption of iron increases, but if josses are
high this compensailory mechanism may not be suflicient to guarzntec an adequate
delivery of iron for the formation of haemoglobin and enzymes.

A number of adverse effects of iron deficiency are known in man 2. B was ohserved
by early investigators thal iron deficiency impaired physical endurance and work
capacity. In recent years other functional defects have been demonstrated, such as
disturbances in rormal thermeregwlation and impairment of certain key sWps in the
immune response. Great interest today is focused on the relationship between mild
tron deficicncy and varous brain functions, soch as learning. lren is present in key
enzymes in several neuvroiransmitlor systems in the brain, for example, Lhe
dopamine and serowonin systems. Oniy 10% of the iron content of the brain is present
at birth, 50% at the age of 1) and it conlinucs to increase up 1o the ape of 20-30
ycars. Studies 10 both children and animals strongly suggest that some of the brain
symploms are not reversible by iren treatment. even though all other signs of iron
deficicney disappear, Emphasis shouwld therefore be pul on prevention rather than on
treatment of iron deficiency *2.

[ron deficiency is probably the most frequent deficiency diserder in the world and the
main femaining nutritional deficiency in Europe. In European countries the
prevalence of iron deficiency as indicaled by absence of iron stores is especially high
in menstruatng women and teenagers {about 20-30%%). The prevalence of detectable
anaemid due 1o iron deficiency is however muck lower in these groups fargund 2-
H%),
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Excess

The very effective regulation of iron absorption prevents overload of the tissues by
won from a normal digt, except in individuals with genetic defects as in idiopathic
hacmochromatosis,

Side effects of iron supplements

All tron compeunds used therapeutically have side effects. The most disturbing side
effects {epigastric pain, nausea and diarrhoea) are dose related and more severe if
tablets are nol taken with food. Other side effects such as constipzalion occur in some
subjects but are independent of dose. Effects may be seen in adults with doses as
low as M mp of elemental iron bul most subjects tolerate well single doses of 100
mg.

Acuee accidental iron intoxication is mainly seen in children who have mistaken iron
tablels for sweets, The lowest known lethal dose in infants is 650 mg ferrous iran.

Fhysiological requirements {absorbed requirements)

Iron 1s needed 1o cover the basal losses of iron in cells shed from the body, o replace
that lost by menstruation and 1o provide the amounts reguired for growth, including
pregnancy.

The hasal iron losses with cells from the exterior and interior surfaces of the body
amount © 14 pg/kg body weight/d and are thus little over 1 mg/d in an average man
and abow 0.9 mg/d in an average woman 7 {sce Table 25.1). The evidence suggesis
that these losses may have an intenindividual vanation of 15% (coeificient of
vanation}. Sweat iron losses amount to ooly about 23 Wg iron per litee of sweat and
are thus so small that they can be disregarded *,

Adult men and postmenopausal wormen

In healthy adult men and posimenopavsal wamen, recommendations are derived
from the hasal won Josses. For an average adult man, the mean hasal losses can be
taken ag .05 mpfd, The mean + 250 would be 1,37 mg, which can be rounded off o
give 1.4 mpfd. For an average posimenopausal woman, the correspending figures
will be 0.87 mp/d and 1.1 mgsd {Tabde 25170
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Menstruating women

For women in the fertile age period the iron required (o cover losses from
menstruation has te be added. Menstrual iron losses vary markedly between
women bul are very comstant in an individual woman. The magnilude of the
menstreal losses is strongly genetically controlied and studies made in differen
countries report very similar [gures lor average mensuual losses when related (o
hady sizc. An extensive study on menstrual blood losses in women at different ages
was made in Sweden * (before contraceptive methods known to markedly influence
the mensireal bleod losses were introduced). The observed blood losses were
transformed to iron losses by “muinplying” them by the disuribution of the
hacmoglobin values in healthy women with optimal values. This is done by a
raathematical-statistical process of convolution. The total iron requirements and their
variaion in menstrualing women are ther obtained by "adding” basal iron losses and

their variation 1o the observed varialion in menstrual iron losses by a further
convolution step,

By this means the values in Tabhle 25.1 were calculated, Table 25.2 shows the
percentage of a population of menstrualing women whose requirements are salisfied
hy varicus amounts of absorbed iron 1%, The S0th and 95th centile values of total
absarbed iron requirements are 2.37 and 2.94 my respectively.

Pregnancy and lactation

Pregnani women need iron 10 replace the basal iron losses during pregnancy {about
24k mg), o provide for the fews and placenta {about 350 mg), and for the expansion
ol the red cell mass of the mother {about 450 mg). In 1ol these rcquirementss have
been estimaied as 1040 mg 'Y, The average blood loss al delivery corresponds (o
250 mg iron. Ahout 200 mg of the iron used for the expansion of the red cell mass is
thus retained by the mother in her iron stores at delivery.

In the birst trimester the iron requirement of the {etos is negligible, The towl iron
requirements of the mother are thus limited w0 the basal iron losses. aboul 0.9 mpfd.
In the latter half of pregnancy iron requirements increase continuously and
considerably, especially i the third trimesiee when ihe doily iron requirements reach
the rapge - 11 mp/d. Tron absorption s reduced in the Grst trimesier bot inereases
dunag the Tawr hull of pregnancy. In this period the wron requirements, however, are
S0 grest that, in spite of the increase i absorpuon, even on a diet with a good
bioavailability there will he a deficit of about 400-5(00 mg iron. The physiclopical
solution for covering the high ron requitements in preprancy is to use iron from
stores. The prohlem, however, is that very (ew women, if any, have iran stores of
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this magnitude. Therefore, daily iron supplements are recommended in the latter half
of pregnancy '?. Since diet alone cannot cover the ivon MEQUIrEmMents in mMast women,
in their recent repont '* FAQO/WHO refrained from giving a vaiue for a recommended
dictary inzke dunng pregnancy.

Breast milk contains 0.15-0.3 mg iron/d. As menstruation is usually absent during
faciation the lotal iron requirements in a laclating woman are considerably less than
IN an average non-pregnant, menstruating women,

Adolescent girls

Menstrual iron losses in tecnage girls are about the same as in adult women !9,
Thus in menstruanng weenapge girls the requirements for growth and their vardation
have 1o be added 1o the requirements of adult menstruating women, This addition
has also 0 be made using the same mathematical convolution process. There 15 a
marked variation in growth rate in girls. The coefficient of varation of the chanpge in
body weight in the age range 13-16 ycars is about + 19%. In the present calculations.
the figurcs (.36 + 0.054 mg (mean + SD) have been used as the daily amount of iron
needed for growth '*. This comesponds 1o the siwation in 15-16 year old girls. In
younger teenagers the prowth requirements are higher (= 0.5 mp/d) bt hasal losses
are then slightly lower. Moreover, some of the younger teenage girts have not
staried 10 menstruate. The growih figures used are based on a longiwdinal siudy on
the development of children '* and on calculations of iron requirements for prowih in
the recent FAGAWHO report '3,

Tahle 25.2 shows the perceniages of teenage girls whose needs are salisfied by
varicus amounts of absorbed iron %, The 90(h and 951h centile values for these pirls
are 2.54 and 3.10 mpfd respectively.

Adolescent boys

Lruring the age penod 12 10 16 years bays gain an average of 5.5 kefyear 14 Al the
peak year of thoir growin spurl the averape weight gain is about 10 kg, At about the
sime ume, in response (o sexual marturation, their haemoplobin concentration
increases hetween 5-10 gfl. per year. The 95ih percentile value for wtal iron
reguirements may thus be considerahly higher at the peak prowth rate than the value
piven in Table 251 Iy should alse be nored in Tahle 251 thae the median iren
requirement i adolescent males is as high as in adull menstruating women.



182  Repons of the Scientific Commitiee For Food: Vst seties

Children

Iron requirements in term infants are negligible for the first 4-6 months of life since
there 15 & physiolagical redistribation of iren from the large red cell mass al hirth Lo
stores. This excess iron covers the needs for growth including expansion of the blood
volume during this period. In the following months, however, the requirements are
very considerable and amount w0 about 0.7 mg/d during the remaining part of the first
year. This figure is very high in relation 10 body weight and energy inake,

The bicavailability of iron in weaning foods consumed during the age period 6-11 m is
usvally lower than that of iron in the adult dict because of an often high comtent of
inhibitors of iron absorption such as milk and phylate in infant cereals and a Jow
content of enhancers of iron absorption such as meat and ascorbic acid. The figure
given for bicavailability in Table 25,1 {10%) may thus have a considerable vagiation,
Moreover the bicavailability of iron used w fonify infant foods 15 usually unknown,

As shawn in table 25.1 ron requirements are high in children especizally in relation 1o
their usual energy requirements and in periods of rapid grewth. It is thus imponant
that the bioavailable nutrient density for iron '° is bigh in the diets of children.

Dietary iron requirements

Two main factors need to be considered in the translation of absorbed
(physiclogical) iren requirements inlo dietary iron requirements; body iron stawus
and compositian of the diet.

{ron siarus and iron absorption

The absarption of tron from the diet s influenced by the iron s1atus of the body: 1he
greater the body’s need for iron, the higher the percentage of a given dose 1aken
up . How this repulation mechanism works is unknown, but it is located in the
tnkestinal mucosal cell. There is however an upper limit 1o this adaptlation.

Dretary wan reguiremencs must therefore be piven {or a cemain iran stawws, and the
valculations made here are bused on the bloavailabelity of dietary ron a the
hordeeline between namality and iron deficiency. The values given represent the
amounts of iron needed 1o be ahsorbed to prevent an insufficiens supply 1o tssues in
the body. includmg the erythron, 1e. 1o mamn vptimal hagmoglobin values, bot not
iron &ores.
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Factors influencing dietary iron absorption

There ate two kinds of iron in the diet with different absorption mechanisms: hacm
and non-haem iron 7. Haem iron in meat and meat products amounts to about 1.2
mg/d in most EC countries and abont 25% of haem iron present in meat is absarhed.
This absorption is almost independent of meal composition and iron status.

Non-haem iron (in bread and other cereal products, vepclables and fruils)
vonslitutes about 90% of the dietary tron iniake. The dictary ubsorption of non-haem
iron, however, is very dependent on iron status and the balance berween several
dietary factors influencing absorption. Some substances enhance the absorpuion of
non-haem iron (e.g. ascorbic acid, meat, fish) and others inhibit it (e.g. phytate,
calcium and iron-binding phenclic cempounds). There is thus a marked variation in
the absorpuon of iron from different meals depending on the meal composition.

Broavailability of dietary iron

The bicavailability of iron (rom the diet as a whole needs o be known in arder 1o
translate absorbed iron requirements into dietary requirements. Direct information is
limited as long-lerm chemical balance swdies on different diets would be required.
Indirectly, however, it is possible 1o eslimate the bivavailability of iron in the whale
dict vsing results obtained in diffcrent studies.

In a recent paper atlempts were made using indirect methads 1o estimate the
broavatlability of dietary won in USA and different countries in Europe 9. The
calculations were made for tron-replete subhjects with no iron stores. The estimated
upper limit was about 153% of 1he intake of available iran and the figures were very
similar in alt swdies after corrections were made for unavailable fractions of
lortification iron '8, This igure may represent "an average Furopcan diel” - rather
varied. and containing meat, Nish. bread, vegetables, fmuits. ete. Diets with a very
high meat intake (>250 g/d) may have a slightly higher bioavailability, possibly
amounting to 7%, whereas dicts with little red meat (<30 g/d) and Lule fruin and
vepetables with meals, ar having a high phyizie content due 1o a high consumption of
cereal fibee (wholemeal bread. erisphread) may have a lower binavailability, possibly
down 1 1% gr even less, The hicavailability of iron in some vepetsrian diets with a
low cantent of ascorhic acid 15 thus prohahly much lower (3-10% 3 1t s imponant
he aware of the muluwde of Tactors inluencing te bioavailatibity of iron and that
there may be scpments of muast papulations having dicts with 3 rather poor
hicavailability. On the olher hand, Tar ihe Eurepean population at large, the crror will
noe be greataf a single fpure of 15% is selecied as a basis Tor the calculations of
dictary cequicements from the physiolopical requirements.
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The present figure for bioavailability of iron from the whole dier (15%) should be
considered as the upper borderline valne associated with maintenance of health {ie.
absence of iron stores bul normal haemoglobin vatues). Correciion shonld be made
for dietary fonification iron that is only partially soluble in the pastroinestinal race,
For example, only about 15% of reduced iron. often used for fonification of flour, is

potentially available 'Y It can then be estimated that 15% of this fraction will finally
be absorbed.

Values proposed

The values given in Table 25.1 are the intakes needed to cover the requirements of
93% of the various population groups, based on a hicavailability of 15%.

Menslrualing women, both adults and weenagers, have a very skewed distribution of
their iron requiremenis. A PRI based on the 95th centile would be unrealistically high
for the great majority of women, so Table 25.1 gives the requirgments of the %th and
95th centiles of menstruating women.

Tahle 25.2 gives the physiological requiremenis and dictary intakes needed to cover
centiles of the population of menstruating women from the Stk 1o the 95th.

Strategics to improve iron nutrition

Modification of dietary composition

[ron nutrition can be improved by various modificalions of the diet, A higher inlake of
foods enhancing iron absorption or a lower inake of foods inhibeting absorplion (see
tarlier) will increase the bioavaitability of the dictary iron.

An increased inlake of lean meat will not only provide more well-absorbed haem iron
but alsa enhance the absorption of non-hacm iron. The latter can also be achicved by
increasing the ntake of ascorbic acid-rich foads, especially if the wsval intake of
dscarbic acid s low,

fron supplementation

The iron halance situstion for most women is crtical during pregrancy. With the
present type of diet and present low-energy Hie-style ahoul 5(H) mg tron would be
nccded i iron stores of motbers 1o cover iran requirements during pregnancy. Ahout
25-M% have no aron stores; the average store is about 150 mge: less than 3% rcach
a0 ameunt of A6 mg and none the crivical amount of SO0 mg, This is the backgrownd
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for the FAG/WHO recommendation 1? that all pregnant women shouold be given irgn
supplements durin g the latter half of pregnancy.

fron fortification

The marked skewness of the distribution of iron reguirements in menstruating
women implies that a considerable fraction of them are at risk of developing iron
deficiency. Personal assessment of individual menstrual losses is unreliable and
women wilh physiological but heavy losses usually consider themsslves as quite
healthy and their Tosses as normal, They would not scek medical advice and thus
cannot be simply reached and given iron sepplementation. Iron fortification is (hen a
measure that must be seriously considered, especially as the life style of many
individuals results in their having low energy needs, and thus reduced food
consumption, resulting in a lowered iron intake.
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26. Zinc

Physiology

Zinc is ubquitous in the body. It has cssential structural, regulatory or catzlytic
roles in many enzymes % additionally it tnaintains the configuraion of a number of
non-enzymic peaweing such as pre-secretory granules of insulin, some mammalian
gene wranscrption proteins 2, and thymulin: it facilitates hormone and rcceptor
binding at membrane and nuclear levels, and it may maintain integrity of
hbipmembranes. Conseguently zine participates in gene expression and in the
mechanisms and conwrol of major metabolic pathways involving proteins,
carbohydraes, nucleic acids and lipids.

An adult human contains about 2 g zine of which 60 % and 30 % are in skcletal
muscle and bone respectively, and 4-6 % is present in skin 24, Zine twrnover in these
tissucs 15 slow and these depats do now provide a reliable souree of zing au imes of
depnvatton, Since zine is essenual lor the synthesis of lcan tissue, it is whilst this is
occurring that it may become a lmiting nuirient. Ahlthough some zine may be
available in ghort wrm zine depnvation from a mobile hepatic pool it is generally
gssumed that the body has no specilic zine reserve and 15 dependent on a regular
dielary supply of the element .

Zing 15 absorbed throughout the intestine. Proximal intesunal absarption s elficient,
but since it has a larpe enleropencreatic circulation, nel inwestinal absomption of the
metal is achieved by the distal small intestine. Relatively smail amounts of zinc are
lost in the wrine, Homocostasis al low and customary intakes is achieved by
adjustments in net intestinal absorption and 1o a lesser c¢xtent by renal
conservation *%. With inappropriaely high zine intakes the systemic burden of the
element is limited by its scquestration in the enterocyle by a cysteine-rich pratein,
metallothionein 24, The amount of zine lost in desquamated skin and shed hair and in
swial varies with preceding intakes,

Defictency and excess

The clussie features of severe zine deficiency comprise the wetrad of neuropsychiatede
disturbances, acrodermatitis and slopecia, diarthoca, and increased susceptibality 1o
infections s a mamfestuon of delective tmmune mechanisms (in paracular cell-
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mediated immunity). These features by and large represent the dependence on zinc
of tissucs with a high tumover 2%, However, there is currently an increasing interest
in the occurrence in some children in Western communities, as well as in the Middle
East, of a mild zinc deficicney syndrome manifest ag ZINC-TESpPONRsive growth
recardation T8,

Gross acute Zinc toxicity has been described following the drinking of water which
has becn stored in galvanised containers or the use of such water for renal dialysis.
Symptoms include nausez, vomiting. fever and are apparent after acute ingestion of 2
g or more of the clement 2. Of more general concern are the effects of supra-
physiological intakes of zine. Prolonged intakes of 75-300 mg/d have been associated
with impaired copper utilisation, producing features such as microcylic anacmia and
neutropenia, but ever short term intakes of abow 30 mp zinc daily inerfere with the
metzbolist of both iron and copper . [t is not known if long-term adaptation of the
metabolism of these metals would compensate for such interactions with zine,
however il would be unwise 0 exceed a daily zinc intake of 30 mp in adults.

Requirements

Adults

The assessment of zine requirements in adults has been based on factorial analyses
using measurements of basal losses during periods of exiended deprivation, Lhe
lwmaver of radio-labelled endopenous zine pools, and inference from observations in
paticnls receiving 1otal parenteral nutrition. None s ideal but all indicaic that
systemic supphes of 2-3 mgfd are adequate 0 avond disturbed metabolism of other
nutrienis, and 10 support eptimum nitrogen and carbohydrate mewholism,

In studies of human volunteers adapted 1o very low daily intakes of zine (0.2-0.3
mgfd). faccal and unnary loss of ithe element falls to 1.4 and 0.9 mg/d in men and
women respectively] it 15 probable that integumental {principally dermal) lass would
fall similarly '%. Allowing for losses of zinc i semen and mensirvation, it has been
csimaled that basal lasses are around 2.2 and {63 mefd in men and women
respectively ' Absorpuve efficicncy varics with imake 5190 at the levels being
vonsidered hereo a vadue of MI% can be assumed, giving Averape Requirements of
.3 and 3.4 mp/d which can be rounded w 7.5 and 5.5 mp/d. Assuming a normak
pupulatan distribuieon. Population Relerence Tnwakes of %5 and 7 mp/d can be
derveed with Lowest Threshold Tntakes a1 § and ¢ mp/d for men and women
respecively.
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[n reality requirements may be lower; in adult males zinc balance can be maintained
on intakes of 5.5 mp/d but, since on a prolonged intake of 3.4 me/d negative balances

ensue, the above figures would seem prudent and practical on the basis of present
evidence,

Children

Beter information not being available, requirements have been caleculated
faciomally 12,

In children 6-11 m., average faccal, sweat and uninary losses are estimated @ amount
to about 0.1 mg/kg body weightfd, and a growth increment has been based on a fean
tissue zine content of 30 mg/kg. Absorption of dietary zinc is taken as 30%, giving an
average requirement, and 304% is added for individua! variaton 1o give the PRI

For children from 1 year of age onwards, similar calculations have been made,
interpelating values for basal losses between these for adults and infants, plus
increments for growth, assuming 30% absorption. The values given are probably on
the generous side,

Pregnancy

The ¢xtra zine accumuolated during the last rimester amounts 10 about 0.8 mg 1. 1t is
possible that there is more eflicient absorption, but ¢ven 5o L might be thought that
there waould be a nced for a raised dietary intake in late pregnancy. In reality this
appears nol 1o be so. pregnant women do not increase their customary intake, snd
there is no benefit from zinc supplements . Healthy women scem (o be able o
adapt metabolically to transier an adequane amount of zine 1o the fews, No additional
recommetdaiion 15 therefore made for pregnancy.,

lactation

It 15 possible chat the absorption of dietary zine may increase during lactation, but
there 18 no goad cvidence that it does. An extra diclary tntake of 5 mpid is proposed
w0 cover the amaunt of 2ing produeced in the milk.
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Summary
{mpg/d)
Adules Males Females
Average Requirement 1.5 5.5
Population Reference Intake 9.5 7
Lowest Threshold Intake 5 4
Population Reference Intakes of other groups (mg/d)
Age Group PRI

6-11m 4

13y 4

by n

71y 7
Males 11-14y 9

15-17 ¥ 9
Femuatea Li-14 y 9

15-17 y 7

Pregnancy 7

Lactation 12
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27. Copper

Physiology

The two oxidation states of copper enabie it to participale in electron-teansferring
{oxidasc) enzyme activilies such as cytochrome oxidase, Cu/Zn superoxide
dismutase, thicloxidase, and amine oxidases/ monoephencl monooxygenases, e.g.
DOPA oxidase and lysyl oxidase. Thus it is essential for cellalar thergy metabolism,
the production of conneclive Lissue and syrihesis of neuvroactive peplides
fcatecholamines and cnkephaling) *2-7,

The total body copper in adults is 50-120 mg of which approximately 15 %, 10 % and
40} % are located in liver, brain and muscle respectively. In plasma {copper conlent
10-25 umol/L} 90-95 % of copper is bound to caeruloplasmin, the remainder is bound
10 albumin, transcuprein and free amino acids.

The precise function of cacruloplasmin is unknown. [1 may participate in the
peripheral distribution of cepper as may iranscuprein and free amine acids,
Additionally cacruloplasmin has numerous oxidase activitics. substrates for which
include hiogenic amines, adrenaline, serotonin, ascorbate, and sulphydryl groeps, and
s oxidation of Fe(ll) to Fe(lIl) and Mn{ll} 1o Mn{I)]) may be essential for the
binding of these metals to ransferrin. It may also scrve as a plasma free radical
Scavenper.

Intestinal uptake and transfer of copper occur predominantly in the small intesiine,
where, as with other trace merals, it is probably presented 10 the mucosa bound 1o
low molecular weight ligands. Tntestinal absorptive efficiencies of between 35 and
T0% have heen reparted.

Systemic homocostsis of copper 15 achieved by adjustment of hiliary excretion: (0.5-
1.5 mg of the element is lost by this rowe daily. Intestinal adaplation ziso
coniributes and with high copper inlakes an intestinal block of capper absorption
mediaied by metallothionein may oceur 4

Deficiency and excess

The feawres of severe copper deficicney can be related 1@ loss of specilic
cuprocnyyme activities . The typical syndrame of copper deficiency has oecurred in
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preterm infants, in nommal term infants who have been inappropriately fed on
unmodified cow milk, in children recovering from malnutrition and in adulis and
children receiving parenteral nutrition. Features of capper deficiency in infants and
young children include neutropenia, leucopenia and skeletal abnormalitics, znd
increased susceptibility 1o respiratory and other infections ¢, Anzemia may develop if
deficiency is prolonged and severe,

The occurrence of dietary copper deficiency in adults is far less well documented.
Seme systematic studies of copper deprivation have excited interest that low
intakes may contribute Lo cardiovascular diseascs ™%, These defects jnclude impaired
cardiac funciion and dysthylhmias perhaps sccondary to defective metabolism of
catecholamines and enkephalins *: such defects and the conlribution of "sub-optimal”
capper intake o atherogenesis necd (urther metabolic evaluation.

Copper wxicity arises from deliberate ingestion of copper salts, or accidenally from
contamination of drinks. In acute toxicity the gastrointestinal traci is affectled.
variable degrees of inwravascular haemolysis, heptocellular necrosis and renal
tubular fatiure result and death may ensue 149,

With chronic exposure copper accumulates in the liver and toxacity is insidigus.
Eventually hepatic necrosis or cirrthosis with liver fatlure develops, Some infants and
young children, at least, are vulnerable to high intakes arising from the use of copper
containgrs and conduits .

Copper 1aken as copper sulphate induces nausea at intakes of 10 mg and intakes
above this are increasingly emetic ', However when consumied wilh foods the
clement 1s better tolerated and it has been suggesied thar intakes of 10 1o 35 mgfd
could be tolerated. These suggesiions, however, have net been verified and for the
moment an upper bmit of 10 matd 15 propesed.

Requirements

There are limied daa on which human copper requirements can be hased, A review
of published balance studies supgests that balanees can be achieved at inakes
arcund 1.2 mp copper daily (CF Mills, personal communication). Copper-responsive
“clinical and biochemical defects have been seen in adulls on experimental intakes of
0.7-1.0 mp/d for four weeks or more, However i1 1s possible that some of these
abnormatities may have acisen from the nature of the experimenial diews 7, and
anather study using more customary. although sull experimental, diets (ound no
deterioration of current indices of copper supply in men on intakes of 0,79 me/d (or 42
days '1. This suppests that 0.8 mg Cu/d is an adequate intake although actual
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requirements may be lower. For cxample, for adults on parenteral nutrition 0.3 mgfd
is adequale '%; at an absorbability of 50 % this could correspond to a dietary intake of
.6 mg/d. Such evidence supgests that an Average Requirement of 0.8 mg/d could be
set with a LTI of 0.6 mg/d and, with an allowance for possible storage requirements,
2 PRI of 1.| mgfd. Dietary imakes are penerally 1.0-1.5 mg daily.

Chlldren

Requirements for infants 6-11 months have heen calenlzied on the basts of a tissue
content of 1.38 pgfg ', and an adjusiment 10 allow for a possible loss of endogenous
copper 'Y, An absorplien of 50% is assumed, 10 give a PRI of 36 pp/kg/d. PRIs were
cakculated from the interpolated values of 30 pp/kp/d at 1-6 years, 24 ppfka/d a1 7-10
years, and 18 pp/kp/d at 15-17 years.

Pregnancy

The estimaicd requircments for the products of conception are 0,033, 0.063 and 0.148
mg/d for the {irst, second and third rimesters respectively 15 Tt is considered that
these can probably be met by mewbolic sdjustment by the mother, so no increment
15 proposed for pregnancy,

facration

H 750 ml milk is produced with a copper content of 0.22 mg/L '® and absorption is
50%. an increase af (.33 mp/d would be required in the diet o suppert lactation,
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Summary
Adults mp/d
Averapge Requirement 0¥
FPopulation Reference Intake 1.1
Lowest Threshobd Intake 0.6

Poprlation Reference Intakes of other groups

Age Group PRI (mg/d)
6-11lm 0.3
-3y 0.4
46y {16
7-10y 07
Males 11-14 ¥y 8
15-17 v 1.4}
Females I-14y (18
15-17 ¥ 1.0
Freponancy 1.1
Laclation 1.4
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28. Selenium

Physiology

The total body content of selenium (3-30 mg) varies according to the geochemical
environment and dietary intakes. Selenium is an integral part of the cnzyme
glutathione peroxidase (GSHpx), one of the mechanisms wherchy intraceljular
Slructurcs are protected against oxidative damage ' Less than 2 % of selenium in
plasma exists as glutathione peroxidase. Most is associated with a- and -
globulins, and with glycoproteins amongst which one, selenoprotein P, may be
invelved specifically with selenium wransport 2,

Selenium deficiency (in animal models) has been assaciated with defective
microsomat oxidation of xenobiotics and rat hepatic microsomal vpe 1 iodothyronine
3-deiodinase is a seleno-enzyme 4, Other seleacprotring have been isolated from
mammalian tissues. Onc may be essential for normal morphology of mammalian
sperm ® but the roles of the others have not yer been identified. Additionally cellular
immune functions are disturbed by selenium deficiency ©

Selenium is present in foods mainly as selenomethionine and selenorysieine.
Selenoamine acids are probably absorbed by encrgy-dependent and sodium co-
fransport mecharisms similar to their sulphur analogues. Althoupgh the
hicavailability of inorganic selenium is less than that of organic forms, this 1s
prebably of linde praciieal significance hecause alt usual dietary forms are absorhed
quite efficiently 17,

The pool of sclenomethionine in protwcin is subject to faclors influencing methionine
metabolist, and its constituent selenium §s not necessanly availuble Tor selenivm-
dependent processes. For example, when methianine intake s limiting,
selenomethionine is incorporated into methianine sites even if there is a COnMCOmiiant
scleniom deliciency, Howewer if the methionine supply 15 adequate. sclenium
released from degraded selenomethionine is available 1o the active selenium paod,
The bivlogically active poul of selenium depends on selenscysicine, which can be
synthesised vndogenouosly,

Homocoswasis of orpanic sclenium is achicved by adaprations in urinary excretion,
and 10 2 lesser extent imestinal ahsorplion. Svsicmically selenoamino acids can be
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degraded to yweld amino acid residues and selenite. Excess selenium is successively
reduced 1o methylated and other derivatives. which are excrewed in the urine.

Deficiency and excess

In man the most striking selenium-responsive syndrame 15 that of Keshan disease, z
selenium-responsive cardiomyopathy which affects predominantly children,
adolescents and young women in China. Other faclors probably contribule 10 the -
pathogenesis of Keshan disease, bot related cardiomyopathies have been observed
in patients on towal parenteral nutrition, Less severe deficiencies, involving skeletal
fayopathy with increased plasma ¢reatine kinase activities, magrocylosis and
lightening of skin and hair pigmeatation, have been documemed, An ingreased
degree of haemolyuc sensitivity of red cells in vitro o peroxide, as evidence of
significantly reduced GSHpx acuivity, may be the only detectable feawre,

At excessive intakes of selenium a volatile dimethylaed compound [{CHy), Se] is
formed, which when lost via expired air gives a characiensuc garlic odour. Dietary
intakes of 3.2-6.7 mp/d cause severe sclenosis, encompassing an erylhematous,
bullous dermatitis, dystrophic nails, alopecia and neurological abnormalitics
involving parasthesia, paralysis and hemiplegia *,

Requirements

Adulrs

Customary aduit daily intakes of seleniom vary between 20 and 30 pesd. In China
dietary intakes range from 1-5000 pgfd, at which extremes deficiency and toxicity
SYNOromes oCour,

In New Zealand and Finland habnual iniakes of 15-4{ pgfd have nor been associared
with selenium-responsive disease allthough whole blood GSHpx activity was  below
s posable peak acuviy, which occurs with whole blood selenium concentrations
aboul 100 g/l R In China populalions with intakes of selenium of less than 12 pg/d
cxpenence Keshan discase, and those with inakes of 19 pg or mare do noe 51801
atlowance is made for the smaller size of individuals 1n China, 20 pgid can be
praposed as the Evropean LTI MY Siadics based on the saturation of GSHpx activity
suggest that an Averape Requirement would be about 40 pgfd ' which would pive a
PR3 ol 55 jip/d
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Disturbed metabolism of selenium occurs at intakes above 750 pefd and carly
features of nail dystrophy have been described at intakes of 900 pgid '2, Since the
intake beyond which there is no discernible benefit is much lower than this, it is
suggested that the maximum safe intake from all sources should be 450 pp/d.

Children

No exiensive invesiigations have been made on selenium reguirements in children,
Blood concentrations at | year of ape are about 80% of those of aduls, increase ta
adult values by 3 years, and then remain fairly constant ', The PRIs have been
calculated from adult values, on the basis of body weight, and should caver the
relatively much smaller requirements for growth (0.2 ng/g weight gain).

Pregnancy and lactation

Adaptive changes in the metabolism of selenium occur during pregnancy ', so no
recommendation is made for any extra increment,

To maintain the sclenium concenuation in infants' serum at abowt 70 ngfml, 2 daily
intake from breast milk of about 8 10 ng/ml is necessary ', In the ahsence of more
specific nformation, the extra requirement during lactation has been calculated on
the basis of 6{(1% absomption Mrom the diet. and milk with a selenium content of |72
ng/ml, 10 give an increment of 15 pg.
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Summary
Adulis pgfd
Average Reguirement 40}
Population Reference Intake 5h
Lowest Threshold Intake 20
Maximem safe intake 450

Population Reference Intakes of other groups

Age Group PRI {(up/d}
H6-11m 8
1-3y 10
d-6y 5
7-My 25
11-14 y 5
15-17 ¥ as
Pregnancy 33
Laciann 0
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29, Iodine

Physiology !

Lodine is a constituent of thyroxine (T4} and ri-iodothyronine (T3). Adequate
¢irculating levels of these thyroid hormones are necessary Tor oplimum cellular
metabolism, normal growth and development.

Both inorganic and organic iodine are abserbed clficiently by the small intestine.
Extracellular Muid contains 10-15 pg iodide/L. The toral size of the iodide pool is
approximately 250-330 pg, bat ils precise mass varies with iodide intake, which, 1n
the ahsence af specific dietary or exogenous supplementation, corresponds closely o
the amount of element entering the local food chain from the immediate gcochemuical
environmenl. Thus populations living on heavily leached soils. which are ofien, but
aot exclusively, mountainous areas are at pariicular risk of sub-optimal ipdine
tniakes. Plasma inorganic iodide is loosely bound 1o protein. It 1§ cleared principally
by 1he thyroid znd kidncys but other tssues such as the gastrointesting] mucosa,
mammary and salivary glands, and ovaries can also concenirate the element

Over 75 % of the 10-20 mg iodine present in the normal adult s found in the thyraid
gland. lodide is laken vp into the thyroid actively by a stdium-dependent carrigr-
mediated pathway which is stimulated by thyroid stimulating hoemone. The iodide is
then rapidly oxidised by thyroperoxidase, and ‘organificd by iodinalion of tyrosyl
residues 1n thyroglobulin, Pairs of the resultant jodotyrosines link to form
iodothyranines. The major excretory roule of indide is via the urine, and daily urninary
cxcreton of the clement is often used a5 a convenient index of intake, Cioitrogenic
cyanoglucesides in brassicas, cassava, maize. sweel patatoes. lima beans and
bamboo shoots interfere with the organification of iadide by the thyroid 12

Decreased circulaory levels of T3 kead to a loss of the inhibitory feed back an the
release of hypothalamic thyrotraphin releasing hormone. the increased secretion of
which increases the secretion of pituitacy thyroid sumulating hormone, which
alimutales the uptake of iodide by the gland and can lead 1o thyroid hyperplasia and
poitre.
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Peficiency and cxcess

[odine Deficiency Diseases (IDD) may be widespread in Europe *#. The spectrum of
[DD is exiensive and subtle, as are their impact on socio-economic development 36,

Maternal wodine deficiency causes infertility, increased incidence of aborjons and
stilibirths, increased perinatal and neonatal moriality, congenital abnormalilies
including neurglogical and myxoedematous cretinism, and, less obviously, degrees of
psychomotor relardation evident in later childhood resulting from intrauterine iodine
deflicicney. In older children and adulis IDD inglude impaired mental function.
hypothyroidism with goitre 2nd growth relardation.

High iodine intakes cause (oxic nodular goitre and hyperthyroidism. Such woxicity is
rare in normal populations or individuals with an intake of less than 5 mp/d but those
wilh pre-existent iodine deficiency may he susceplible to developing Loxic nodular
go1tre, hypernthyroidism, and thyroid cancer at intakes below ihis 7, and transient
hyperthyroidism has been observed in previously deficient individuals on intakes of
150-200 pg/d ¥ The incidence of such complications diminishes with time as the
nverall jodine supply of the population is improved and the number of people
previously exposed 10 iodine deficiency diminishes. Intakes of 1-2 mgfd appear 0 be
sale ¥ but intakes above 10 mg/d in the furm of seaweed have heen associated with
an increased incidence of jadine poire 12

Requirements

Adufrs

Most adulis ¢an mainiain iodine balance and normal thyroid funclion vn intakes
hevtawcen ) and 100 pg iodinefd. A plaitau concentration of jodide in the thyraid
£land is achicved at an icdine intake of 100 pgid, and increasing intakes to 300 or S(H)
ng daily has no funther effect on this or on reducing the incidence of goire 'Y An
Average Regquirement of 100 gp is proposed and a PRI off 130 ppfd. (A daily intake of
up 1w MK pypois being advised by a corrent WHOQ initiative desipned 10 cradicate
ikhing Jehiciency disorders). For the LT 70 ppid is proposed, as an inlake below
which thyrnd adapiation may hecome imadeguate with a risk of dysfunclion or sub-
oplimal operation @112
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Cliildren

PRIs for younger age groups have been calculated from adult values, on the basis of
CNergy requirements.

Fregnancy and lactation

Provided the normal prepregnancy iodine intake is adequate, there is no cvidence
that an increased dielary intzke is needed during pregnancy, so no increment is
recommended.

Lactating women an 2 normal plane of ivdine nutrition produce iodine in their milk in
amounts more than suflicient for the infant. In order (o replace these losses, a PRI of
160 pg/d is supgested during lactation. The increase is based on the needs of the
tnfant rather than the amount actually produced in the mikk,
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Summary

Adults Lpfd
Average Requirement 104}
Population Reference Intake 130
Lowest Threshold Intake It

Population Reference Intakes of other groups

Age Group PRI {ug/d}
-1 m 5i)
1- 3y 70)
4-by 9%
T-10y 100
l-t4y 120
1517y 130}
Pregnancy 130
Lactation 160
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30. Manganese

Physiology

Manganese is a component of arginase, pyruvate carboxylase and mitochondrial
supcroxide dismutase. It participates also in varigus hydrolase, kinasc,
decarboxylase, and phosphotransferase activities. The jntestinal absorption of
manganese occurs throughout the length of the small intestine, Mucosal uptake
appeass ta be mediated by 1wa types of mucosal binding. onc which is saturable with
2 finite capacity and one which is non-saturable. The efficiency of manganesc
absorption in adults is low (approximatcly 10 %) but there is some evidence of
improvement 2t low intakes. High levels of dietary caleium, phosphorus, and phyate
impair the intestinal uptake of the ¢lement but are probably of limited signilficance
because as yet no well documented case of human manganese deficiency has been
reported,

Systemic homoeostasis of manpanese is maintained principally by hepato-biliary
excretion. Unipary manganese falls with reduced intzke and rises with increased
Inlake, supgesting a rote of the kidney !,

Deficiency and excess

Although i is difficult 1o characterise the precise biochemical mechanisms that have
failed. manganese-deprived animals display numerous reproducible phuenomena.
These include growth retardation, impaired cartilape formation and defective
¢ndochondrial osicopenesis in fewses leading w0 impaired development of the
skelelon and otoliths (with resulant ataxia); impaired glucosc tolerance and insulin
secrelion: reduced gluconeogenic response 1o ptucagon and adrenaline:
hypocholesterolaemia, hepatic and renal accumulation of lipids and ultra-structorat
abnormalines in celiutar and sub-cellutar membranes and convulsions !

Evigence of manganese deficiency in man is poor 2. lawerest in possible manpancse
deprivation in humans has heen sumulated by repons of MANFancese -respongive
carhohydrate intolerance, and reduced mangancse concentration in the hair of some
muthers whose babies had congenial abnormaliues and in the hiood or hair of
children with skeleral abnormalities., AMLOPOrasis, and non-traumatic epilepsy.
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Men fed & low mangancse diet (10 ppfd) developed an evanescent skin rash and
hypocholesierolaemia; however neither feature responded unequivocally 1w
mangancse repletion 2.

Manganese toxicity of dictary origin has not been wel] documented. Mineworkers in
Chile exposed to manganese are dust developed, possibly as a result of inhalation
rather than ingestion. ‘Manganic Madness” manifesied by psychosis, hallucinations,
and extrapyramidal damage with leawres of Parkinsonism !,

Requirements

Manganese is paricularly abundant in vegelzbic-based dicts and beverapes such as
tea and it would scem that current population intzke is adequate ¢, Most intakes are
around 2-3 mg/d, but some reach 8.3 mp/d 1. No manganese-responsive problems
WErL $e¢n in young men on an intake of 0.1 mg * and a basal requirement of 0.74 mg
daily has been derived from other balance studies *. Thus the finding of some
negative balances on dietary intakes between 1.21 and 2.89 mg/d could represent
homoeostasis 3. [n the absence of more information an LTI of §.75 myg daily could
perhaps be sew bot i35 considered preferable 1o give 2 safe and adequate range of |-
10 mp/d.

Summary

Acceplable Range of [ntakes I-10 mpfd
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31. Molybdenum

Physiology

Malybdenom has several gxidation slates. The redox poential between Mo(¥) and
Mo(Vi) 15 appropriate for eleciron exchange with favinmononucleotides and this is
exploited biochemically in the activities of sulphite oxidase, xanthine oxidase and
aldechyde dehydrogenase, for which molybdate (Mo, 2"} linked with a pterin is a
cofacior. Inwestinal absorption of dietary molybdenum is highly efficient

(approximately &80 %), The element is metabolised as an anion {malybdate} and
systemic homocostalic excretion is artained by renal excretion 2,

Motybdenum deficiency in man has occurred with prolonged parenteral feeding *, and
in & faal autosomal recessive syndrome affecting infants in whom the hepatic
syathesis of the molybdenum-pierin cofactor is probably defpctive 2 With both
conditions the mebolism of sulphur amino acids and nucleotides was impaired, and
neuralogical and encephalopathies developed, The inhorn error of melabolism
presenls in neonates: they have abnormal facces. feeding diflicultdes, and severe
newrological and developmental abnormalides leading to encephalopathy and death.,

Requirements

Maolybdenum-responsive defects have been observed in adults fed abou S0ug
daily *. Reporied diclary intakes in adulis are 44-360 uedd in USA, 48-96 Leld in New
Zcaland, 44-260 pugid in Sweden and mean intakes of 128 and 120 pefd in the United
Kinpdom and Finland respectively ' A requirement cannot be estabiished reliably,
and. in the absence of evidence 10 the contrary. current intakes appear o he
adeguute and sate.
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32. Chromium

Physiology

The precise hiological role of chromium has net been established 2 11 is thought
that chromium facilitaes the activity of insulin, possibly by optinusing the number of
membranc insulin receptars or their imeraction with insulin or bovh. It is reported 10
have been beneficial in the management of both hyperglycaemic and hyvpoplycacmie
responses w glucose loads. However, its use in the management of patienss with
diabetes mellitus has produced inconsisient results and this has crealed seepricism
aboui the essentiality of chromium 7. The element may also have a role in 1he
metabolism of lipids and of nuecteie acids. It bas been sugpested thay some of these
effects may arise from a non-specific effect on phosphoglucomutase *.

Chromium (III) absocption 15 low at 0.5 w0 2.0 % of dicwry intake. Qrpanic chromium
15 abserbed mone olficiently buu its bioavailability is low sinee it i3 excreted rapidly in
thz wrime,

Deficiency and excess

Chromium deliciency has been reparted in adules and i a child who had received
prolonged parenteral nutrition. The features involved an ensulin-resisiant
hyperglycaemea, elevated serum lipids, weight loss, ataxia, penpheral neuropathy,
and engephalopathy. The adult patienis responded 10 imravenous chramium chlonide
{CrCl3), but the response v the child was less conclusive *4.

Trrvalent cheamium has a low Tevel of ioxicity but hexavalent chromium 1z more wxc.
In experattental avimals intakes af 50 pgfe dict cagse renal and bepate necrosis and

crowlb relardatiom,

Requirements

Since duta on the cowemitalny and metabalism of chromium are so sparse the

Comounee 15 unable o spegity any reguirements.,
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33, Fluoride

Physiology

The essentiality of fluoride 15 debatable bue since epidemiclogical swudies have
demonstrated in children an inverse relationship between the incidence of dental
caries and their calculated intakes of [luoride, the element has been accepled as
being bencficial to derial hezlth 2. Both topical and sysiemic fluoride replace
hydroxyl maieties in enamel to form calciom flugroapatite, which is less soluble in
acid than is calcium hydroxyapatite, thus increasing resistance Lo demineralisation
and 1mproving mineralisation. Additionally, fluoride may bave an antimicrobial effect
on cariogenic oral microfiora *. Ninety-five percent of systemic Nueride is in the
skeleton and teeth. The concentraiion in bone increases with age and it has been
suggested, but not peoven conclusively, that fluoride may have a role in both the
minetalisation of bone and the maintenance of peak bone mass '

Systemic homocostasis of fluoride is achieved by the kidneys *

Deficiency and excess

Apart from an increased risk of suscepibility o dental caries. there are no well
documented ellecs ansing {rom low intakes of Auoride. Un the oiher hand fluaride
cxeess (luorosis) is endemic in many pans of the world. An early feature of this is
patchy demineralisation (molding) of the tooth enamel, mare usually of the
permanent dentition. In terms of intake. this allects populations with intakes
approximating 0.0 mgfkp/d 4. This problem occurs in 10 & of childien in areas with a
waler supply contining 1 myg (50 mol) fluondefkg, Chronie exposure 1o high intakes
(1025 mpfd, resulung for example from consuming waeler supplics conlaining 15
mafkg) resulis oo scleeotic cakcification of honaces, licamenis, weodons and
migrosscous membranes, This manifests as debilitanng . masculo-skelcral
deformatios which have been aoed patticulacly io India, East AfTica. the Persian Gulf
amd China *. However. the overalt intake of fuaride. rother than 1he concentration in
waler 35 crocial i e pathopencsis of thy syndrome and carly skeletal featores of
{lusrasis have heen deteced e popelations lrom and zongs with waler supplics
containing less than 15 mpfky.
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Requirements

Ly

There does naw appear 1o be a specifie physiological requirement for flueride and no
specific recommendalions have been made, Acule toxicity and perhaps death have
been reporied in adults exposed 1o intakes of 0.5 10 2.6 p/d ©,
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34, Other minerals

Sulphur oceurs extensively throughout the body and although a human deficiency
syndrome has not been demonstrated, there s no doubl that it is essential. The
sulphate anion is a component of proteogiveans {¢.g. keratan sulphaie, chondroitin
sulphate and dermatan sulphawe) which are vital constituents of the exiracellular
marrix ', and it 15 a substrate for the dewxificavion of various xenobiotics and their
cxcretion as sulphate conjugates 2. The sulphate for these {unctions is derived by the
endogenaus axidation of the sulphur in the amino aclds melhionine and cysieine.
Thus there does not appear to be any requirement for dictary sulphate.

Silicon may well be needed for the normal development of the skeleton and
connecuve ussue and there does appear o be a differential distribution of 1he
clement an the body, with high concentrations in the langs. tendons, wachea and
aorta. Silica as absorbed poorly b silicic acid is taken up well by the imesting,
However the significance of these observations is understond imperfectly, as are the
human requirements for silicon *.

Some swudies in animal models suppest that cadmium ?. lithium ?, lead ® and
nickel © may be essential, bul the current data are not seificiently conclusive 1o
justify setting any recommended imakes. Simuarly. cvidence sepporling the
essenniality of arsenic, haron and vanadiom has yet 10 be substanuared.
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35. Other substances sometimes considered
to be of nutritional importance

Certain nutrients are known to be dietary esscntials for some higher animals.
notably choline, taurine, carnitine and inositol.

It has been suggesied that newborn humans may have insufficient biosynthetic
capacity to produce their full requirement of camitine, wuring and choline. Any
possibility of this is usually allowed for in the make up of infant formulas.

There 15 no indication of any need for the compounds mentioned to be supplicd in the
dict of healthy individuals above the age of six months.

Many specific growth factors are knewn 10 be requised wn cedl or tissue cullures, e.q.
ubiguinune (coenzyme {J). lipoic acid, nerve growth factor. p-aminahenzoic acid.
There is no need for them in human diews a3 they can be syithesized in the body in
sdegquate amaunts.

Over the years there have been many reports af benefits 1w be derived from the
consumplion of & wide variety of organic compounds that can occur in faodstuffs, o
amygdalin (laetrile). pangamic acid, biofMavoneids, chlorophyll, arotic acid. There is
no persuasive cvidence of any need for such compounds in the diet
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36. Values for nutrition labelling

The Committee has also been asked w advise on a set of nuwient values which
should be wsed for nuntion [abelling purposes. The nutriént contem of 2 food could
then be expressed as a percenlage of these values as reguired by the Council
Directive 90/436/CEE on nutiven labelling. Having derived general recommenda-
tions on scientific grounds the Committee then had w decide on two issucs, namely
(1} the choice of the value for nutrition labelling in wself, and (i) whether different
values should be reeommended for different groups of the population,

Choice of a value for nutrition labelling purposes

The Committee recogaises that choosing a value for nutrition labelling purposes
involves more 1han sinctly scientific considerations; issues refated 1o policy have to
be taken inte account,

This report gets ont o ranpe of reference values lor each notoent. and the Comminee
needed 10 assess whether only one af these values should he used consisiently
throughout the labelling process. The Committee also considered the merit of sening
2n enurely different single value which in some way encompassed the needs of the
whole European population with 11s varying nationa!, age and sex structure. To
choose 1 single value for labelling seemed sensible from g practical pown of view,
and gencral consumer understanding was aiso an imporiant issue, an which there is
suepnisingly diwde information, The consumers need some simple. coherent,
vndersiandable and meaningfal reference paint, should they wish wo choose a dict to
meet their own perceived needs, Consumer orgamisations and heallh educators
suppart universal, unambiguous labelling. With continuing educauion and a suitable
labelling formar, an increasing proportion of the population is expected 10 use
nuirition Llubelling i making choices in tond porchasimg,

Iemust be remembered thae the vatue for nuonon Bahelling wall mnt be wsed by
protessionals. dicticians ar policy makers for assessing the adequacy of he
panuiztion’s dict or by thase responsible for ensunng thae speeific population groups
{e.purmed forces, schookchddren aking schaod meids and thase 1in hpspitals, wc))

recenve At adequate nuineal supply.
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Use

Nuttition Jabelling may be of use 10 the consumcr in two respects: (i) providing
information which would ¢nable consumers 16 compare different products; {ii)
providing information 1o enable consumers to assess the usefulness of a food in the
overall dict and thus 1o compose a diet suitable for their individual needs.

In the first case. the choice of reference value will not affect the comparison of
different products. Further, products can be compared on the basis of absolute value
perhaps more effectively. However, it is recognised that there is confusion about the
use of different units. e.g. Yg. mg. g and nuinient eguivalenis. The use of absofute
units alene would also fail to provide a perspective on the different quzntitative
needs for the various nutrients. When consumers tey w0 compose their diets on the
basis of products providing nuiritional information as a percestage of z reference
value or when they try to evalume the contribetion of such products 1o their daily
nutricnl intake the reference value chosen for nutniion labelling acquires imporiance,

The Committee belicves that the propertion of the population using nuwition labellin Py
reference values to compose (heir daily dict is at present small, although the media
may use ihe values to construct ‘model diets'. Labelling values are more likely to be
used by the consumer as a4 puide as to which key foods make important or useful
contributions 1o overall needs. Further, it 15 highly unlikely thal dicts will be
carmposed entirety of labelled products which are consumed as purchased.

of the PRI for nutrition labelling

Traditienally, nutrient information bas been presented on the label in relation 1o a
recommended daily amount which uswally carresponds o the PRI in this report i.e.
point ¢ on Figure 1.1, Many would advocate that this should comtinue. 10 the
importance of a product as a conttibuiar 1o ke daily intake of nutrents is 10 be
judged, the reference value for nutrition Jahelling should cover the needs of as great a
propornon of the population as possible, On this view the reference value for
nutrition labelling should be the PRT for udubt men, except For wwon for which the PRI
for adult wamen shoeld he selected.

IY consumers woere staving 1o reach WK% of the PRI then an adeguaste nutrient intike
tor the vast mayonly of the population would be ersured. Sopponers of the male PRI
as the reference value recognise that thas would lead to cxcess nutrien: iake by a
suhslantial proportion of the population. and 1hat thase unahle © reach 1t would be
wempeed o take digiary supplements. They feel hawever that ihis is acceptable and
preferable o the reverse sitwavon, e a proportion of the population possibly nol
covering their needs if o vilue bower than ihe PRI were chiosen as the reference Tor
nutatien labelhing.
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Use

Funther, this body of opinion believes that opuing for a high sct of reference vilues,
e the male PRIs. will ultimately lead 10 an upward trend in food quality due 10 the
manufacierers’ efforis 1o enhance nutrient value, for example, through better
pProcessing, natrient restoradion or fortification. There i5 a risk however that they
may do this only Lo improve ‘label cosmetics’. The primary aim of refercnce values
lor nutrition labelling s not 10 scrve as a reference to adjust the compasition of
specific foods bul manulacturers may use them in that way.

of the Average Requirement for nutrition labelling

An oppasing opinion argues that the usc of a reference value as hiph as the adul
male PRI 1s not appropriate for nuirition labelling. It is more than the needs of most
men, and women and children are substantially misled about their requirements, h
makes most peoples’ diets appesr inadequate when they are not. Despite repeated
clear statements that the PRI is a value designed to meet very high individual
requiremcnts. Lhe cansumer, the media and even some professionats continue to
consider anyone cating less 1o be deficient.

The usc of the aduli male PRI for foad labelting could lead 10 a fall in conhdence in
sume tradinanal foods by making them appear to be of low nowitonal value, Tn some
cases nutriional information could now be given, because nutrients wauld noi be
present in amounts reaching 15% of the reference value per [00p, a condition for
iubelling in the Community direetive,

Thus the use of the adult male PR1 as 1the basis of nuieition labelling ¢ould mislead
CONSUMErs, cause them unnecessary anxicly, encourape them o ry 1@ cover theit
needs fram sources other than their normal digr and result UNRECEessary
{ontification nf fonds by manufaciurers,

An altermative proposal is 1o use an average value ie. point b the Fig 1.1, which
should he of more uwie 1o consumers than one taken from the end of the range of

requirements.

Ienly one value can he used Tor labelling purposes. which should be chosen” An
wverall weighed averupe value vould he caleulied for Eurape, wking account af Lhe
total population siruclore. Tt weold however he imappropriately low and lead
unwartumed complavency moadult men. A more suilable averape value 10 chogse Tor
nutrdion labelling would be the average requirement for adult men, exeept for iron. for
which the average cequirement for adult women would he selected.



228

Repanis of the Scientific Committee for Food: 159 series

Serviceability of the two proposed values

Table 36.1 gives dawa on selected micronuirent inlakes by wamen in the EC. The
intakes by women have been shown because women do most of the shopping and
they also tend 1o be more interested than men in nuirtion. They are thus mare Jikely
o read and wse autntion [abelling (o desipn or evaluale their own and their family’s
diets,

Table 36.2 shows that the average EC female diet normally contains less than the
male PRI of several vitamins and minerals, although it does provide more than the
male AR, which is alse close w the female PRI So if nutrition labelling is based on
men's PRI, and women use it 1o obtair a good diet (or more likely, the media try to
design “"healthy™ diets or discuss normal people's intakes) they may find (hat it s
difficult for themsebves and their childran 10 reach these official arpels. Yet there is
no evidence of thiamin ar riboflavin deficiency in Europe, and little or none of
deficiencies in the other nutrients shown, with the exception of iron where heavy
menstrual togses can contribule to anzemia, as cullined in chapier 25,

Imiable 30.3. the overage nutritional value of a nember of basic foods is compared
with AR$ and PRIs. This table shows that a number of basic toods barely contain
i 3% of the PRY per 104 g2, but are imponant sources for most peaple because of the
amounis eaten. Althouph it is not shown in this wable, beel, with an average iron
content of 2 mg/100 g2, would provide per 100 g only 12.5% ol the PRI lor women. §f
the PRI for women were used as the labelling reference value, beef could not be
lubelled as a source of iron, even though itis ane of the best,

Conclusion

The Committee has explored a nomber of opuions and has sought to identify a
strategy which would best meet the aims s¢1 owt in the Council Directive
YOAA9G/CEE on nutrition lahalling.

The Commitiee accepted hat (or pracucal purposes a single reference value had (o
e chosen, and recognized that the wse of gny single reference value would
unsvaldably pive o patentally misleading message 1o some of the papulation. The
Commitiee aimed w o select the single value that would be of widest beneli,

The consemer seems o understand the wem “averape reguiremens” as implying
varvinpe andyvidoal needs so the choice of the word "averape™ for use on the label
miky P e approprode @onfommational weems than the cormently wsed werm of BDAL
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Inspection of the range of derived reference values shows that the average nutrient
requirement of adult men is suffictenly similar to the PRI of women 10 allow o
rational approach to be devcloped. The clear exception is iton, which is dealt with
below. The Committee therefore favours the use of the Average Requirement for
adult males as the nutrition labelling valuc, which would cover the needs of the
majorty of the population. This srategy therefore covers the PR] of most graups and
misleads the least number of consumers.

The chapter on iron makes i clear hat iron needs vary remarkably wilhin the
population hecause of the additional needs of women of reproductive age. It is
difficult therefore 10 maintain the same rationale set put abave unfess a special
allowance is made for women who would be io real danger of deficiency if they simply
chase faods corresponding to the male average requirement of 7 mg/day. The
Committee therefore proposes that the iron content of foods should be given {wo
[abelling reference values, The average male requirement is proposed, tagether with
2 fligure that meets the needs of more than 0% of mensiruating women. The 1wo
values should be used simultaneously on the label, topether with an explanalory
asierisk. In the case of vitamin D, 2 value of 5 ug is proposed far nutrition labelling
purposes. being the midpoint of adult requirements. Tzhle 36.4 shows the
Comminee’s proposed values for nutrtion labelling purposes.

The Commitiee has discussed a larpe number of nuiricnts, many of them not
curenty permitted by Community legislation o be used in food labelting. The
Commities does not consider that all the nutrents discussed in this report should
appear on feod labels. Values can be derived only for thase nutrients for which an
Average Reguiremnenl for men is given (apart from iron). An exceplion to this 15 for
vitanun [J, where no AR has been ¢stablished, but a labelling value is reeommended
because of documented detictencics,

The Committce constdered its recommendations in accordance with the Council
Drreciive 90496/CEE. which culls for the amonnt of nutrient o be given per 100 g or
100 ml of foodstuff. The Cammittee also gave some thought o the sugpestion that
nutritivn labelling should be in terms of the energy content rather than weight or
valume, Nevertheless, as 2 method of muicition labelling, it would not be so
serviceable Tor the consumer to whom this infermanon is direcied,

Special needs of infants and voung children

The Committee is aware that current Community legislation provides for the
tecliranun of a siagle percenuage valee for the different products, This appriach hus
the wery ieepertant mend of practcality and simplicity. The Comminee would
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however Itke ta point out that this presents a problem lfor products intended solely
for the nutdlicnal use of infants and young children, whose needs are very different
from those of adults,

Since these foads arc most unlikely to be eaten by other papulation proups, the
Committee is proposing an additional set of reference values which could serve for
the nuttion labeliing of foods inended for the paricular nutrivional use of infants and
-young children. These are given in table 36.5. They are based on the PRIs for
childeen aged between 6 monihs and 3 years. i.e. they should cover the needs of all
children under the age of 4.
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37. Summary of proposals

The main proposals of the Committee are summarized in three tabies

Table 37.1 gives Average Requirements, Population Reference Intakes and Lowest
Threshold Intkes for adulis,

Table 37.2 gives for all groups the Population Reference Intakes expressed in the
manncr chosen by the Commities.

For those nuirients for which the recommendations are in terms af CNETPY. Profcin
intake or body weight, Table 37.3 gives examples cxpressed in weight per day.

Table 37.1 Multiple values propased for adults

(Amounts per day. unless given in ather terms. IF that for wormen is different feom
that for men, il is given in parentheses)

Nutrient Average Population Lowest Threshold
Requirement Reference Intake [ntzke

Froein (1) 0.80ke body wt 07500 boly wi 4%%g ody v
Vitwnin A (ug) SO0 {4060 TOC ¢ 500N 300 {2500
Thiamuw g FRE LA RLVLA ] ST
Rirullavin dmg) L3 {1.h ih {2 06
Meiwin mp naacin 1.38d) 1.fM) r
cyuctalent )
Vicarun O {ug ) 132 proneine L8 protem
Fobate fuy) L4 uij ¥ A
Vicumie By fugl [ I i

Vieatnan € (i) £l d45 [
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Nutoent Average Poputation Lowest Threshold
Requirement Reference Intake Intake

Vitamin E {mp 0.4/ PUFA" 4 {31d regardless of
a-1ocopheral equivalents) PUFA "intakes
n6 PUFA" (a5 porcentage of I 2 0.3
clietary energyh
-3 PUFA” (as percentage of 02 0.5 01
diglary energyh
Calrcium {mg) S5 00 d0x)
Phosphorgs (mg) 4 5 ELL
Putassium (mg) 3100 1600
Trom {mg) 7010, 623 Gr16F &) (7.4
Zine (ing) 1.515.5) e5{T 5{4)
Copper (mg) 08 Il 06
Setenum (ugh A) 55 -0
[oudine {up} 100 130 n
For the following, acceptable ranges of intake are given

Pamothenic acid (mg) -12

Biotin (ug) 15- 10

Vitarmin O (jtg) (- 10

Sodium (g) (.575.14.5

Mugnesium (mg) 1 50-500

Manganese (mg)

L-1¢

PUFA: Polyunsaturaied Gauy acids

1 Postmenopausal waomen

b

PRI ot cover PO o woomen
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Table 37.2 Population Reference Intakes

Age proo@ Prowcin | p-d n-3 | Vitamin | Thiamin{ fibo- | Midcin |Viamin |Felate |Viamin #itamin
FLUEA 3| PUFA 3 A flavin By B C
ek body] Sof | ®aof | (ughd) [(ugM™D] imgidy [(mgMD) | gl |tped) | iegdd) fmgid)
weiphtialy | diecary | dictary prodeing
encrgy | cocrgy
G-1tm 15 4.5 0.5 350 10 04 1.5 15 ki {5 2
1-3 ¥ Tt i 03 A00 100 0g 14 15 1C0 07 P}
4.4y 14 2 1A 0 10 LR\ 1.6 15 L3} 0.9 i
T 10y 10 2 (b3 5003 10 1.2 L& (] 150 ig 1
Males
H-id y 1.0 2 05 B0 1} 14 1% 15 180 1.3 £l
15487y LAY 2 0.5 o 1£1) 16 14 15 20 14 40
18+ ¥ 75 2 0.5 0 10 16 ta 15 Han 14 45
Frinales
11-14 y s 2 U3 (L13] 144 1.2 16 15 180 13 3]
1Ty 185 2 0.5 ax L0 1.1 1.6 15 200 14 41
LB+ v Q.78 2 0.3 &) 100 1.3 1.6 5 ok 14 a5
Prepnancy| 095 N 1] EiLY 0% 16 1.6 15 K] 16 35
(+10pid)
Lacanon| 75 2 .5 o) 10 1.7 1.6 {+2 L5 350 1.9 .t}
{+16 pfid) me i}

. Folyunsaturaeed Gy aeids.

B Newral tube defects have been shown 1a be prevenied in offspring hy periconcepuat ingestion of 400 g ok

acud per Jay b the e of wypplements
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Table 37.2 FPopulation Reference Intakes {continued)
Age group | Calcium | Phosphoros| Potassium|  Loe i Copper | Selenium Inding
{maidi {mg/d} (opsd) {mgfd} {mg/d} {mpid) gfd) {pgid)
&-11m 400 Lt 0 & 4 0.3 ; 1
-3y 40 K.LH EN 4 4 0.4 0 L.t
4- by 430 350 1) 4 ] 0.6 5 m
7- 10y 550 450 2000 & 7 0.7 ] Wi
Males
11-1d y 1000 T3 00 10 9 0.8 i 12G
1517 y 100 15 e 13 9 10 45 130
13+ v 0 35 3100 9 9.5 1.1 = 13}
Females
-1d y EO0 623 ELI0 Y] 2% Q 0.2 k] 1M
13 LA
15-17 v RO 625 00 ¥ 7 1.0 45 130
T
&+ ¥ FO0 550 IO nt* 7 1.1 il 1’3}
'tﬁ ER
pees
Preenancy L S50 300} Wy 1 1.4 W] 1%}
Lacraion 1200 g a0 10 12 14 b 160
* T poeer 9555 ol popelaon
ke Tuconer YWI5 of popalidion
B e ane i sie]
-

Supplements neccssary



24{)  Reponts of the Scienlific Commiltee far Food: 31 series

Table 37.3  Daily intakes of those nutrients for whickh the recommendations are

given in relation ta body weight, energy or protein intakes o

Age group Proitin n-6 PUFAb | papppab Thimmin Niacin Vitamin By
(g) (g) {(g) {mg} {mg) {mg)
G-1tm 15 4 0.5 03 5 0.4
1-3¥ N A 07 0.5 9 0.7
4. by 4 L o 1 kY
-1y X 4 | 13 L3 Ll
Males
-4y & 3 ] 1.0 15 1.3
15-17y 5 & ] 1.2 15 1.3
1B+y (FRI) i fi 15 1.1 13 1.5
{AR) &5 3 06 (8 15 L3
Females
11-14 y 1L 4 i 09 [} il
15-17 v 46 5 i 0.9 L] 1.1
1B+y (PRI & 4.3 1 02 14 11
[AR) 5 2.5 J5 0.8 11 1.0
Pregnancy 5 5€ | 1€ H 1.4
Lactation & R 1 11 16 1.44
i Populanon Helerenee Iniakes (PR excep where indiganed o Average Requiremenis (AR,
(calcalated ax mean group intake = PRI or AR}
b Polyansatgraied Fary Acids
c From 10th week of prepnaney
d

Based on prowm increments w1 pregnancy and lacciion,
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Table A.I Egquations for predicting the average basal metabolic rate (BMR)
from body weight (W), expressed in kg, and for children and
adolescents, from body weight and height (H expressed in m)
(BMR expressed in MJ per day)

Ape in years BMR BME
{from weight) {from weight and height)
Males <3 .24 W -0.13 0.0007 W + 6,35 H - 2.58
39 0095 W + 211 0032W +055H + 1.74
10-17 0.074 W + 2.75 D068 W +05TH+ 216
18-29 0064 W + 224
3)-59 00485 W + 3 87
o174 0.0499 W + 293
=75 0.035 W + 343
Females <3 0.244 W - (113 0068 W+ 428 H- 1.73
39 (L85 W + 2.00 0.071 W + 0.68 H + 1.55
10-17 0.056 W + 2,90 0035W + 195 H + (.84
18-29 0.0615 W + 2.08
59 (L0364 W + 3 47
6-74 (1.0386 W + 2.88
=75 0410 W« 2.6

These values are taken from the WHO/FAGYUND Teport on enerpy and protein
requicements ' and Schafield et of. 2 excepr for the data on the two older groups where
sulected dma, taken from Schoficld e af ? and used in fhe report, have heen amplified by
new and more exiensive data vollecied on Seotish clderly men and from bath eldery
men and women in Naly.
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Table A.2 Estimated Energy Requirements (MJ}/d) for groups of men and

women at various ages, weights and activity levels

Physical Activity Level { PAL}

Body BMR 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2
weight (kg) | (MJ/d)
Men 1829 yr
a 6.7 91 108 .y 114 12.0 127 b3 IZH| 14.7
& 0 0E 145.5 112 1.5 126 133 14.0 147 i54
LY 72 10.2 11.0 1.7 125 132 139 4.4 154 6.l
Ei 16 LU 1.5 122 3.0 137 1435 13.2 a0 6.3
" D 112 120 128 136 14.4 152 164 168 {16
Men 30-5% yr
i} 66 02 R 10.5 1.2 LG 12.5 132 13.9 14.5
45 £E b (0.2 108 L5 122 124 135 142 149
L Tl 6.1 1a7 il4 12,1 128 13.5 14.2 4% 15%
Pk 13 i0.2 109 15 124 3.1 138 45 153 150
L P 106 114 122 124 13.7 14.4 152 164 15.7
Men &0-74 yr
) 59 L gD G4 10.0 10.6 1.2 11E 124 1340
i} 6.2 51 9.3 99 0.5 112 ils 124 110 134
LY 6.4 o 46 10.2 104 1.5 i22 124 134 4.1
74 6.7 2.4 104 1.7 114 i2.1 127 134 141 147
Lo [ 9.7 104 114 11.7 124 131 138 145 152
Men 275 vr
4] is 13 L) KR 04 49 115 ] [FR] 111
i 27 LA L] 21 93 103 0% 14 120 135
At 5.9 L LR 4 0.0 10.5 [ (L8 124 134
TS 6l w5 L2 9 104 (1] 1.6 V2.2 128 134
R 6l W g 9% n% ? 114 124 130 116
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{rontinues Table A.2}

Physical Aclivity Level ( PAL)

Body weight| BMR | 14 | 15 | L6 | &7 | 1.8 | 19 | 20 | 201 | 22
(kg) {MJ/d)

Wemen 18-29 yr

45 4.8 68 7.2 1.1 B2 83 9z a7 10.2 0.6
5 A | iz 17 g2 .7 02 97 10,3 6.8 L5
55 ha 17 B3 %1 9.4 o0 104 .G ne 12.1
& 58 21 £7 93 o4 1414 114 11.5 121 137
B3 6l 2.5 a1 9.3 19.3 10.9 1.3 1211 127 131
0 4 Eg 9.4 10.2 K15 1.5 12.2 12.8 13,4 i4.0
Women 3559 vr
45 il i1 13 B2 21 0l by 02 107 11.2
) 51 T4 BN g5 a0 25 10.1 136 M. 1.7
35 55 17 B3 58 a4 a4 W0.: 110 1t6 12.1
) a7 B 56 gl a7 103 108 114 1240 12.5
&4 5iE Rl g3 o3 uo 104 1.0 1.6 12.2 128
& &0 R4 2.0 .5 102 CI0E 114 12.0 124 i3z
Women 46-74 vr
44 4.6 6.4 &9 T4 TR &3 BT 9z 9.7 1 iR}
20 48 6.7 12 17 B2 g6 2l ue 101 0.4
55 50 ELl 15 &0 B3 0 A 10.0 10.5 11.0
i 52 713 T8 B3 88 04 T4 10.4 109 1.4
&5 54 14 5l &6 9.2 93 03 10.8 1.3 19
n G R Ed o0 9.5 101 {ix: 12 1.5 12.3

Woemen 275 wr

45 15 63 68 1.2 7.7 8.1 X6 214 9% 949

LU 47 B 7.0 1.5 50 45 CRY a 29 03
A 4149 fidh 74 1R g1 B.H o3 95 103 108
L] 51 11 3 82 31 02 7 0.2 10.7 1.2
L] 53 P4 g0 85 a7 45 0.1 0.6 11.1 1.7
Bl 5.5 17 R1 52 T4 g8 10.5 Lo 1.6 LX1
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Table A.3 Mean body weights (kg) of European children !
Age Males Females Males &
Females
years months
- 1 41 44 449
- 3 6.0 35 o
- & B0 13 T4
- 9 o0 B.& L
i o 100 95 190
1 & 11.5 1.0 110
p f 125 20 125
2 & 140 130 115
3 0 150 140 14.5
3 & 15.5 150 15.5
4 & 1.5 1740 17.5
A & 195 19.3 19.3
& f1 2240 21.5 210
7 4] 45 240 M5
E & 274 230 274
b f Kk 3005 300
G & EXXY 340 335
11 & w5 315 E¥RL]
12 al 414 410 410
i3 & 470 43.0 47.5
4 6 530 o 1 515
15 & 5810 25 53,5
16 i} 62.5 M SR
17 o 5 A 50.5

L Values, rounded to nearest [R5 kg, oblained by pooling nananal daa sers from Tialy,

Denmark. France, Spain. UK, The Neiheclands, Germany, Belgiaom and Greece,

weighted on the busis of cach country's population a2t any piven age. Luxembury,

freland, Portugal ot included.
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Table A4 Mean height (cm) of European children |

Age Males Females Males &
Females
years maonths

- 1 530 515 334
3 60.0 A0 505

- G 1.5 5.0 655
. o M3 iike] 0.5

! 0 155 Ma 50

i & g0 H15 Bl
2 i) 875 a0 86.5
2 L 020 b5 9n
3 0 5.4 o950 935
3 & 030 ¥E.0 ]
4 & 1045 5.5 1060
5 ] 11235 1115 2.0
f 6 1190 HED [IES
¥ +] 1245 1235 124.0
3 & 1305 2% 129.5
& 1355 1350 1350

i & 140 5 140.5 140.5
11 & 145% 1465 146 0
1t & 1505 1530 135
13 L 1580 157.5 158.0
4 G 1660 160.5 1630
I5 & 1710 1624 1605
tes 6 1740 14525 630
I fi 1755 FG3.0 e 0

b Walues, rounded 1o nearest 105 cm. ohtained by pooling national dawa seis rom Nhaly,
Denmark. France, Spain, UK, The Nethedands, Germany, Belgium and Greece,
weighied on the basis of esch country's population a1 any given age. Luxemburg,
Treland, Partugal not included,
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Table A.5  Estimated time use and energy cost of activities in older children and
adolescents aged 16-17 vears

Activity Energy Cost {as ratio of BMR}
Hours Boys Girls
age yrs 10-13 | apge prs 14-17 | age yrs 10-13 | ape yrs 14-17 | age yrs 10-13 | age yrs 14-17

Ded & i La 10
S¢hool 5 6 16 13
Light 44 7 14 1.5
Moderate 5 25 25 22
High 0.5 3 &} &0
Total H 24
PAL 1. 65 1.58 1.55 1.50

Baised on FAOMWHOUNU valaes !
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The Scientific Committeg for Food was established by Commission De-
cision 74/234/EEC of 16 April 1974 [OJ L 136, 20.5.1974, p. 1) o advise
ihe Commission aon any problem relating to the proleclion of 1he health
and salely of persons arising from the consumption of food, and in pas-
licular the composilion of lood, processes which are liable 1o madity
lood, the use ol lood addilives and other processing aids as well as lhe
presence of conlaminanls.

The members are independenl persans, highly qualified in the figlds
assooaled wath medicine, nutrition, toxicolagy., bology, chemislry, O
ofier =imilar disciplines.

The Secrctarnial of the Gommittee is provided by the Direclorale-General
lor Industry of the Commission, Recent Council direclives require 1he
Commission io cansult Ihe Commillee on provisions which may have an
eflect on public health fathng within the scope of lhese direclives.

The present report deals wilh "Nutrient and energy intakes lor he Euro-
pean Communily” (opinion expressed on 11 December 1992).

49



	Table of contents
	1. Introduction
	2. Energy
	3. Protein
	4. Essential fatty acids
	5. Vitamin A
	6. ß-Carotene (and other carotenoids)
	7. Thiamin
	8. Riboflavin
	9. Niacin
	10. Vitamin B6
	11. Folate
	12. Vitamin B12
	13. Pantothenic acid
	14. Biotin
	15. Vitamin C
	16. Vitamin D
	17. Vitamin E
	18. Vitamin K
	19. Calcium
	20. Magnesium
	21. Phosphorus
	22. Sodium
	23. Potassium
	24. Chloride
	25. Iron
	26. Zinc
	27. Copper
	28. Selenium
	29. Iodine
	30. Manganese
	31. Molybdenum
	32. Chromium
	33. Fluoride
	34. Other minerals
	35. Other substances sometimes considered to be of nutritional importance
	36. Values for nutrition labelling
	37. Summary of proposals
	Appendix

