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Protein requirements of infants: an operational assessment

BY J. C. WATERLOW
Division of Clinical Sciences, London School of Hygiene and Tropical Medicine, Keppel Street,
London WCIE 7HT

1 want to begin with a general point. In the last decade or so a controversy seems to have
arisen, in relation to requirements for both protein and energy, which I consider artificial
and unreal. The story goes like this. On the one side you have the conventional concept
emerging from official committees, of the requirement as something that is fixed,
according to age, sex, activity level, etc. On the other side you have what is claimed to be
a more enlightened point of view, that requirements cannot be fixed, because human
beings have a wide capacity to adjust or adapt to changes in their intakes and
circumstances. I think that the controversy is artificial, because the two sides of it simply
reflect different aspects of the same reality. Everyone knows that human beings can
adapt to different levels of intake of energy and protein, partly through changes in
body-weight, though we know very little about the acceptable limits of adaptation, and
of the mechanisms involved (Waterlow, 1986, 1990). On the other hand, from the
operational point of view, if the question is posed: how much food does a particular
group or even individual need?, it is necessary to provide an answer that is simple enough
to be usable. The position is like that of a military commander who is asked: how many
men do you need to achieve this objective? He has to come up with an answer, knowing
full well that there are many different ways of achieving it.

1 personally feel strongly about the artificiality of what I have called, I hope not
unfairly, a controversy, because in my own work I stand on both sides of it. As chairman
of the committee that produced the ‘blue’ report on energy and protein requirements
(Food and Agriculture Organization/World Health Organization/United Nations Uni-
versity, 1985), I am responsible, with the co-authors of the report, for a whole series of
estimates that can be regarded as ‘fixed’, if you wish to look at it in that way.

As a nutritionist and physiologist, I have been interested in nutritional adaptation for
some 20 years. This unreal controversy is harmful because it diverts attention from two
sets of questions that really are different: first, the limits and mechanisms of adaptation,
as I mentioned previously; second. whether the ‘operational’ estimates really are needed
by, and are useful for, the Agencies that ask for them. That is a question for planners. If
the answer to it is ‘yes, there is a need for operational estimates of requirements’, we
come to a third and even more difficult set of questions: how should such operational
values be related to what we know of the range of human adaptability? Should they
represent optima, or minima, or some middle point in the range?

These questions apply as much to infants and children as to anyone else, with perhaps
this difference, that the acceptable range of adaptation is probably narrower, though this
is by no means certain.

When one considers that newborn babies were able to survive for several days without
food or water, buried under the debris of the earthquake in Mexico City; or that
marasmic infants whose weight is no more than 30% of that expected for their age can be
fully restored, at least physically, one does wonder how far infants really do constitute a
particularly vulnerable group.
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Table 1. Factorial calculation of the average protein requirement of infants (Food and
Agriculture Organization/World Health Organization/United Nations University, 1985)

Age (months) . . . 34 9-12
Nitrogen

Increment (mg/kg per d) 55 30
Increment x 1-5 (mg/kg per d) 81 45
Corrected for 70% efficiency 116 o4
Maintenance (mg/kg per d) 120 120
Total N (mg/kg per d) 236 164
Total N as protein (g/kg per d) 1-47 1-15
Average intake from breast milk (g/kg per d) 1-49 —

FACTORIAL ESTIMATES OF THE NITROGEN REQUIREMENT OF INFANTS

Coming now to our particular subject, I will begin with some r2marks about the factorial
calculation of the protein requirements of infants, with reference in particular to the
numbers in the Food and Agriculture Organization/World Health Organization/United
Nations University (1985) report (the ‘Rome report’; Table 1). For Table 1 two points in
time that are particularly critical, 4 months and 1 year. have been chosen.

First, we have the maintenance requirement of 120 mg N/kg per d from milk, varying
little with age. This. of course, is the minimum amount needed to cover the obligatory
losses and secure N balance, and it represents an efficiency of utilization that was taken
as 70%.

These values were derived principally from one study, that of Huang et al. (1980). The
balance findings reported by Fomon (1986) lead to a somewhat lower estimate of the
maintenance requirement, 84 mg N/kg per d. but also a lower efficiency (62% ). After 3
months of age maintenance outstrips growth as the most important component of the
child’s N requirement. The two values quoted illustrate how insecure is the basis for our
estimate of it.

What is the reason for the efficiency of utilization, whatever that means, being only
70%? Is it something to do with the quality of the protein source? For example, is it
because, according to Fomon et al. (1988), even in human milk, as a result of its high
content of urea, the N is only 83% utilized? I hope that this question will have been
discussed in more detail by Jackson (1990). Or is the inefficiency due to what Millward &
Rivers (1988) call the oxidative drive, the idea that whenever amino acids are given, part
of them cannot escape oxidation? This is not really an explanation. but only a description
in biochemical rather than nutritional terms, but at least it opens the way to further
investigations. Finally, can this efficiency be improved? The study 25 years ago on infants
recovering from malnutrition (Chan & Waterlow, 1966) suggests that it can. but to my
knowledge this has never been confirmed.

THE N REQUIREMENT FOR GROWTH

Estimates of N accretion at different ages were derived by Fomon et al. (1982) from
measurements of body water. These are the best that we have, but can we be so sure of
the factor for matching N to water content? In the Rome report (Food and Agriculture
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Organization/World Health Organization/United Nations University, 1985) it was
assumed that the efficiency of laying down N for growth was the same as the efficiency of
maintenance, t.€. 70%. This assumption has no logic behind it, since, as I have said. we
do not understand the nature of the inefficiency. There is certainly an inefficiency of
synthesis, in that about 1-5 g protein have to be synthesized for every 1 g deposited
(Golden et al. 1977), but the amino acids liberated by protein breakdown can be recycled
to synthesis, so this will not necessarily produce an inefficiency of N utilization.

Finally, it is probable that a young child does not grow absolutely regularly from
day-to-day, nor even from month-to-month (Harrison, 1984; Harrison & Schmitt, 1989).
Therefore, I added an cxtra amount to the growth requirement, to allow for catch-up
growth on good days after poor growth on bad days. The question then was: how much
extra should be added? It turned out that if the growth requirement was increased by
50%, at 4 months the factorial estimate of average requirement coincided with the
average N intake from breast milk at 4 months. That is a critical age, because it is about
then that exclusive breast-feeding often seems to become inadequate (Hijazi et al. 1989).
I was responsible for devising this adjustment, which has received much less criticism
than I had expected. It could well be regarded as a ‘fiddle’, even as a prostitution of the
strict physiological approach. Be that as it may, if this approach is accepted, we can no
longer regard factorial estimates and estimates based on intake as independent.
Breast-milk intake is made to be the gold standard.

AVERAGE REQUIREMENT AND SAFE LEVELS

Immediately a difficulty arises. Traditionally, an average requirement estimated by the
factorial method should be increased by 25-30% to take account of individual variability
and produce a ‘safe level’ which will cover the needs of virtually all subjects. But it makes
no sense at all to say that to be safe the observed average intake of breast milk ought to
be increased. We know from common observation that the distribution of intakes of
which we have taken the average seems to meet the needs of virtually all healthy
breast-fed children up to the age of some 4 months. How then can the average intake be
at the same time a safe level?

At the time I was unable to think this problem through, but that has now been done by
Beaton & Chery (1988). We must suppose two distribution curves, one of intakes and
one of requirements (Fig. 1). The procedure of the Rome report (Food and Agriculture
Organization/World Health Organization/United Nations University, 1985) puts the
average requirement as equal to the average intake. This will only work if, in each
individual child there is a one-to-one correspondence between intake and requirement.
If the correlation is zero, then in 50% of children the intake is likely to be below the
requirement. Beaton & Chery (1988) argue that the correlation is likely to be of the
order of 0-3. This gives rise to two possibilities: first, if the average intake is equal to the
average requirement, on statistical grounds, because of the low correlation, about 30%
of breast-fed infants must be getting less protein than they need. This conclusion seems
to be contrary to experience. The alternative is that the average N requirement is
substantially less than the average intake, which then in fact represents a safe level. From
Beaton & Chery’s (1988) calculations, the average crude protein requirement (N X 6-25)
at 4 months would be about 1-1 g/kg per d, compared with an average intake of about 1-4
g/kg per d. It would follow that many exclusively breast-fed infants get more N or protein
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Fig. 1. Hypothetical distributions of protein intakes and requirements of breast-fed infants at 4 months. The
curves are spaced in such a way that no more than 3—% of infants have an intake less than their requirements.
Correlation between intake and requirement taken as (-3. Modified from Beaton & Chery (1988).

than they actually need and that for children taken as a group the natural process of
lactation provides a margin of safety. Fomon (1986), on the other hand. has argued that,
since formula-fed infants gain more lean body mass than those who are breast-fed,
breast-feeding is not an optimum. but a compromise which allows adequate growth of
the baby without undue depletion of maternal body protein. This road, however, leads to
difficult country. full of imponderables, such as ‘natural’ and ‘optimal’, and I do not
propose to proceed any further along it.

Beaton & Chery’s (1988) argument cannot be controverted on statistical grounds, but
it leaves a long way to go before the protein requirement of infants is securely defined.
Since, as I have said, the components of the factorial estimate are not very securely
based, no doubt it is possible to manipulate them so that the result agrees with Beaton &
Chery’s (1988) value for average requirement. but this exercise would be as pointless as
my attempt to match factorial estimates with intakes. Moreover, the numerical value of
Beaton & Chery's (1988) estimate of average requirement depends on assumptions
about the cocfficients of variation and their correlation. for which we have very little
hard evidence.

PROTEIN:ENERGY RATIOS (P:E): AN OPERATIONAL APPROACH

All this is very unsatisfactory. 1 suggest that the way ahead, at least for operational
purposes, must start from the solid ground of observation: that up to about 4 months of
age breast milk fulfils the needs of virtually all babies for N and protein, provided they
consume enough to satisfy their energy nceds. This proviso is, of course, implicit in all
estimates of protein requirements. We then come on to the practical question: what sort
of food does the infant nced at 6, 9 or 12 months, when, on the one hand. its relative
growth rate is less than at 4 months: on the other hand its absolute size has outstripped
the mother’s capacity to meet its cnergy needs? This question is poscd in terms of the
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composition of food, and in attempting to answer it I am but following the course sct out
nearly 30 years ago by Platt & Miller (1959) and since largely neglected, perhaps because
of the unfortunate choice of the term NDp-Cals % (nect dietary protein calories %).

In an important later paper Payne (1975) discussed the problem of evaluating ‘safe’
P:E in relation to the diets of young children (see also Beaton & Swiss, 1974, and chapter
9 of the Rome report (Food and Agriculture Organization/World Health Organization/
United Nations University, 1985)). So what is new?

The difference is that in the earlier work P:E represented in the first instance the ratio
of requirements for protein and energy. these requirements being estimated in the
conventional way. Difficulties arose because in order to specify a safe level for P:E, it
was necessary to take account of variability in both P and E. Once a value for safe P:E
had been obtained it could then be compared with the observed P:E of different diets, to
determine their adequacy. My proposal is simply to start at the opposite end, with the
observation that the P:E of human milk appears to represent a safe level for infants in the
first months of life.

If mature human milk is taken as the gold standard, its crude P:E, calculated as (total
N X 6-25 X 4)/total energy, is about 7. One cannot be more precisc, because there is
some uncertainty about the most appropriate numbers to use. nor do I know of any
information about the range of P:E in human milk.

The first question to be considered is the effect of decreased growth rate at 1 year.
Here the factorial calculation is helpful, because although the absolute values may be
uncertain, the ratio of requirements at, say, 1 year to that at 4 months is not very
sensitive to changes in maintenance requirement or efficiency. This ratio at | year may be
taken as 0-8, so the ‘safe’ P:E ratio of the food comes down to 5-8. provided that the
quality is the same as that of breast milk.

Second, there are the adjustments for digestibility and quality or net protein utilization
(NPU), which have to be made when the child ceases to be exclusively breast-fed. These
adjustments are relative, rather than absolute; that is the justification for calculating the
P:E ratio from total N x 6-25. If breast milk is taken as the reference, it becomes
irrelevant whether or not breast milk N is 100% utilized.

From the values given in the Rome report (Food and Agriculture Organization/World
Health Organization/United Nattons University, 1985), the digestibility of the N in a
range of mixed diets averages about 85% of that of N in milk. it is much more difficult to
get reliable estimates of biological value or quality. The current debate about require-
ments for indispensable amino acids (Young, 1986: Millward & Rivers, 1988) weakens
my confidence in amino acid scores.

Ideally I should like to use information from balance studies on young children which
fulfilled the following criteria: the diets should be examples of those typically used for
young children after weaning; they should be fed at an energy level of 350400 kJ/kg per
d, and there should be a control study with milk. Cow’s milk would be acceptable for this
purpose, since in our older work we found insignificant differences from human milk
(Waterlow er al. 1960). So far, to my surprise, I have not been able to identify studies
which fulfil all these criteria. Those summarized by Maclean et al. (1981) come closest,
but they were carried out with various staples rather than with natural mixed diets. In
default of this information we might be guided by the protein values of some adult diets
in the Third World which Miller & Payne (1961) obained by rat assay (Table 2). If these
rat results can be applied to young children, it appears that in many of them the net
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Table 2. Protein values of some Third World diets by rat assay (Miller & Payne, 1961)

Country Main Components NDp-Cals %
Papua Sago, fish 2:6
Gambia Cassava. pulses 3.0
Jamaica Sugar. cornmeal 32
Gambia Cassava, fish 40
Jamaica Maize. fish 6:0
Nigeria Sorghum, pulses. fish 7-3
UK Mixed 82

Breast milk (assuming 70% efficiency) 5-0.
NDp-Cals %. net dietary protein calories %.

Table 3. Protein:energy ratios of some typical diets of 1 to 2-year-old children (not
breast-fed) (Waterlow & Rutishauser, 1974}

Ghana 9.2
Guatemala 10-0
India 8-4
Jamaica 11-8
Polynesia 12-6
Thailand 7-9
Uganda 12-5

protein value falls well below that of breast milk. Alternatively, it might be reasonable to
take an average figure of 75% for the relative quality of the protein in a typical mixed
diet when fed at the usual level. compared with that of milk. Multiplying by the relative
digestibility, 85% , leads to a relative NPU operative of 64% . This would bring the safe
P:E ratio up to 9% (5-8/0-64) at 1 vear. Table 3, based on measurements of the intakes of
1 to 2-year-old children, shows that some of the diets are marginal or inadequate by the
criterion derived previously, unless their quality is better than average.

Beaton & Chery (1988) assumed that P:E in human milk was fixed. In reality probably
the only food in which P:E is fixed is an industrially produced milk formula. There are so
many sources of variability that I am now sceptical about whether it is possible to derive,
in a way that is both rigorous and meaningful, values for a safe protein intake or a safe
P:E ratio. In principle this is a different argument from that based on adaptation, to
which I alluded at the beginning of this talk, although of course observed variability may
result from differences in the degree of adaptation.

CONCLUSION

In my view, thereforc, the object of the exercise is not to establish a scientific
datum-point, but the much more limited one of producing an operationat tool that might
be an indicator of risk. I think this is useful because contrary to much current opinion
(e.g. Landman & Jackson, 1980; Golden, 1985), I still believe that protein deficiency
plays an important part in the production of kwashiorkor (Waterlow, 1984). An indicator
of risk will help to concentrate enquiries on areas where the P:E of the diet is marginal or
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low by comparison with the levels proposed. It should, of course, be emphasized that
cxcept in times of famine, in no population does kwashiorkor develop in more than a
very small proportion of children, who are presumably at the bottom end of the
distribution of intakes in relation to their requirements.

Finally, a word about the energy component of the ratio. In past surveys of the intakes
of preschool children in the Third World, it has generally been concluded that energy
rather than protein is most often limiting (e.g. Waterlow & Rutishauser, 1974). This
conclusion has been based on the older estimates of encrgy requirements (Food and
Agriculture Organization/World Health Organization. 1973; Food and Agriculture
Organization/World Health Organization/United Nations University, 1985), according
to which the requirement at 4 months would be about 418 kJ (100 kcal)/kg pcr d. More
recent results, from measurements of breast-milk intake and of energy expenditure by
the doubly-labelled-water method suggest that this value is substantially too high;
apparently, at 4 months the energy expenditure and metabolizable energy intake of a
child growing normally in a healthy environment may be as low as 293 kJ (70 kcal)/kg per
d (Butte er al. 1984, 1988; Lucas et al. 1987). If these findings are generally applicable,
they will reduce the extent to which energy intake is judged to be limiting. Of course,
with low energy intakes absolute protein intakes will also be low. I suggest that this is a
further reason why we should look again at the possibility that protein may in fact be
limiting in the diets of some Third World children.
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