
5. The low-birth-weight infant

Low-birth-weight (LBW) infants have special nutritional requirements arising from their rapid growth rate
and developmental immaturity. LBW infants are of many kinds; for example, the nutritional needs and
functional capabilities of a small-for-gestational-age full-term infant are not the same as those of a very
LBW premature infant. Ideal criteria for evaluating the nutritional management of these infants have not
been established, and thus the recommended intakes given here do not represent proven physiological
requirements. They nevertheless provide a basis from which more refined recommendations may be
made.

Although this chapter is not intended as such to be a discussion of applicable feeding techniques, it
would be difficult and artificial to divorce two such closely intertwined aspects of the distinctive needs of
this highly vulnerable group. Feeding techniques have to be carefully assessed in the light of specific
environments and the expertise available, and none is entirely risk-free in any setting. Thus, it is essential
to compensate for the immaturity of the infants and to avoid compromising the airway or risking aspiration
of gastric contents.

The choice between using breast milk or proprietary formulas in feeding LBW infants is complex on

both nutritional and immunological grounds as well as for practical reasons. Given that the preponderance
(>90%) ofLBW infants are born in developing countries, the use ofan infant's own mother's fresh milk may
be the only realistic option. However, irrespective of the health care facilities, level of technology or
alternative formulas that might be available, studies show that there is much to recommend feeding LBW
infants their own mothers' milk in any environment.

Introduction
Worldwide, about 16% of live births, or some 20
million infants per year, are of low birth weight
(LBW: < 2.5 kg) (1); these can be categorized further as

very low birth weight (VLBW: < 1.5-1.0 kg) and
extremely low birth weight (ELBW: <1 kg). These
infants, over 90% of whom are born in developing
countries (1), have special nutritional requirements
arising from their rapid fetal growth rate (15-20 g/kg/d
at 24-36 weeks post-conceptional age) and develop-
mental immaturity. The needs of the individual LBW
infant vary widely, however; thus, for example, the
nutritional requirements and functional capabilities of
the small-for-gestational-age infant born at term are

not the same as those of a premature infant, i.e., one
born before 37 completed weeks of gestation (2), of the
same birth weight.

Generally speaking, infants of 35 weeks gesta-
tional age or more, who constitute the great majority
of premature infants, can and should receive breast
milk. While breast milk may have to be supplemen-
ted for some of the smaller proportion of infants who
are born between 32 and 35 weeks gestation, virtually
all of them can be successfully breast-fed, or at least
fed on breast milk. Infants of <32 weeks gestation,
most of whom have birth weights < 1500 g, form an
exceptional group given their unusually high nutri-
tional requirements. Initially, parenteral nutrition

may be necessary for these infants, and its impor-
tance in specific circumstances should not be under-
estimated.

Developments in the nutritional management of
the LBW infant have been reviewed (3-5) and recom-
mendations published (3-7); these articles should be
consulted for more detailed information. In par-
ticular, the report entitled "Nutrition and feeding of
preterm infants" of the European Society of
Paediatric Gastroenterology and Nutrition (ESP-
GAN) provides a considered evaluation of recom-
mendations; the report's main points are summarized
below (5).

Ideal criteria for evaluating the nutritional
management of LBW infants have not been estab-
lished (5). Since metabolic demands after birth differ
from those in utero, criteria based on intrauterine
growth rates, body composition and factorial assess-
ment of nutrient accretion are not ideal. Such
extrapolations are unreliable not only because of the
variable quality of the data on which they are based,
but also because preterm infants, after delivery,
rapidly lose extracellular fluid (ECF) and assume
ECF: ICF (intracellular fluid) ratios similar to those
of term infants. This 8-10% weight loss after delivery
makes it unreliable to use the intrauterine nutrient
accumulation as a reference for the LBW infant.
Recommended intakes for some nutrients have been
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derived empirically by calculating the amount that
would be supplied by breast milk.

The adequacy of nutrient supply can also be
evaluated by monitoring biochemical consequences
of supplying "idealized" nutrient requirements, but
here again difficulties arise from not knowing if
intrauterine or extrauterine biochemical values are
suitable reference points. The solution to this prob-
lem will not emerge merely by avoiding short-term
biochemical disasters. It also requires the systematic
follow-up of LBW infants over the long term.

The recommended intakes given here do not
represent proven physiological requirements for
LBW infants. They nevertheless provide a basis from
which more refined recommendations may be made.

Feeding techniques and related care
As with other chapters, the purpose of the present
review is to describe the physiological characteristics
of the infant and the resulting metabolic demands
and recommended energy and nutrient intakes, based
on the best available scientific evidence. It is not
intended as such to be a discussion of applicable
feeding techniques for this particular category of
infant. Nevertheless, it would be both difficult and
artificial to divorce entirely two such closely inter-
twined aspects of the distinctive needs of this highly
vulnerable group of infants.

There are a number of underlying principles
governing the feeding of LBW infants. First, feeding
techniques (3-5) have to be carefully assessed in the
light of the specific environment in which the infants
in question are born. The use of a given technique
clearly depends on the expertise available to those
caring for the infants in question, and none is entirely
risk-free in any setting.

The umbilical nutrition of the fetus has led some
to argue simplistically that it would be desirable to
feed all very immature infants in the first instance by
a parenteral route. In this way the complications of
enteral feeding such as aspiration pneumonia and
necrotizing enterocolitis (a severe inflammation of the
bowel in which parts of the bowel die of infection and
have to be removed) may be avoided. But parenteral
nutrition has its own complications such as systemic
infection and metabolic imbalance and, in addition, is
both costly and labour intensive. Parenteral feeding
should be reserved for those preterm infants with
medical or surgical gut problems that prevent enteral
feeding for more than 3 days (8).

It is essential to compensate for the immaturity
of LBW infants and to avoid compromising the
airway or risking aspiration of gastric contents. Dur-
ing the initial phase of care, especially for VLBW and
ELBW infants, neither oral nor intragastric feeding

may be tolerated or be practicable. These infants
nevertheless still require energy, protein and carbo-
hydrates to minimize catabolism of lean tissue and to
prevent hypoglycaemia. Thus, an initial phase of
total parenteral nutrition may be necessary and is
favoured by many as an elective procedure. Older
and more mature infants may, however, tolerate
intragastric feeds. Critically ill infants, irrespective of
whether they are being ventilated, are best managed
with total parenteral nutrition, which should be
maintained until they are either extubated or stable.

Although swallowing occurs in utero as early as
16 weeks gestation and elements of intestinal motility
can be detected towards the end of the second
trimester, organized oesophageal activity does not
develop until about 34 weeks gestation when effective
nutritional sucking can be sustained (9). In the LBW
infant, at 28 weeks gestation, low antral pressures
impair gastric emptying. Combined with lower oeso-
phageal sphincter pressures, this may predispose the
infant to oesophageal reflux.

Large enteral intakes may not be tolerated and
injudicious persistence with these may predispose
to reflux, regurgitation, gastric aspiration, apnoea,
ileus, and necrotizing enterocolitis, especially if oeso-
phago-gastrointestinal motility has not developed
adequately. Furthermore, gastric capacity is limited
in LBW infants and gastric distension may interfere
with pulmonary function. Gastric emptying is faster
with breast milk than with proprietary formulas, and
can be improved by feeding the infant in the prone
and lateral positions. Thus, in some LBW infants,
optimum nutrition may only be achieved by a com-
bination of enteral and parenteral techniques. In any
event, even if parenteral nutrition is the dominant
means of feeding, small amounts of some enteral
feeds are beneficial because they create a more
physiological endocrine response, stimulate bile flow
and maintain maturation of the intestinal mucosa (8).
Human milk has obvious additional advantages in
this process. The wide range of hormones and growth
factors, for example, may be particularly important
for these infants (see chapter 2).

Even if infants can tolerate enteral feeding, feeds
may still need to be given via indwelling tubes. The
use of silastic tubes is probably preferable to using
polyvinylchloride tubes since the silastic reduces the
risk of intestinal perforation. The advantages of trans-
pyloric over intragastric feeding are the subject of
debate. Transpyloric feeding probably does not
predispose to necrotizing enterocolitis, and place-
ment of the tube in the duodenum rather than the jeju-
num avoids problems ofimpaired nutrient absorption,
especially fats.

Similarly, the use of intermittent bolus or contin-
uous infusion of feeds is controversial. The former is
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said to be more demanding of attendants' time, but
continuous infusion does require constant monitor-
ing to avoid gastric reflux. Intermittent enteral feed-
ing would seem to be more physiological and recent
studies indicate that adverse metabolic effects and
altered body composition may arise from continuous
feeding. These contrasts are probably caused by
differences in the endocrine milieu.

The choice between using breast milk or
proprietary formulas for LBW infants is a complex
one. In addition to the nutritional and other implica-
tions of either feeding regimen for producing normal
growth and development, however, there are the
practical implications of whether or not these infants
are able to suck.

It was demonstrated in a number of studies
reported on a decade ago that LBW infants, some
weighing even <1500 g at birth, can be breast-fed
(10, 11). Success was attributed to such factors as
highly motivated mothers who were permitted unres-
tricted access to their infants, an optimistic and
knowledgeable nursing staff where attitudes towards
breast-feeding were concerned, and the virtual
absence of bottle-feeding in the healfth facilities in
question. Manual or hand-pum on of milk
was used to the exclusion of mechanicIpumps, and
on occasion the mothers breast-fed other infants to
stimulate milk secretion.

The first detailed clinical study of the effects of
feeding undiluted breast milk very early to premature
infants was reported in 1964 (12). The infants studied
weighed between 1000 and 2000 g at birth and were
fed with undiluted breast milk within 2 hours of birth
in volumes of 60 ml/kg body weighitgiven on the first
day, increasing to 160 ml by the fourth day. This
"early fed" group was compared with two other
groups of low-birth-weight infants: (a) infants of
comparable birth weight who were born during the
study period but who were not fed until between 4
and 32 hours after delivery and given considerably
less over the next week ("later fed"); and (b) infants
weighing between 1000 and 2000g who were born
before the study period and who had been starved for
at least 24 hours ("late-fed" infants). The results were
impressive. The "early fed" infants regained their
birth weight sooner and lost less weight than the
other groups. Bilirubin levels were lower and there
was also less symptomatic hypoglycaemia. There was
no increase in the incidence of aspiration pneumonia.

Other studies have confirmed the benefits of
early breast-feeding in reducing weight loss, raising
blood glucose levels, and lowering unconjugated bili-
rubin in the serum. The first studies to show longer-
term benefits of early feeding in 1968 reported that, at
a mean age of 2 years, the intellectual and neuro-
logical development and physical growth of LBW

infants who had been fed with breast milk early
showed a considerable improvement over those chil-
dren who were born at a time when delayed feeding
was practised (13). This finding was confirmed a
decade later when it was shown that early feeding is
associated with higher blood sugar, lower bilirubin,
less dehydration, and more rapid return to birth
weight in the "early" than in the "late" group (14).

A more recent study (IS) in England investi-
gated the association in 771 LBW infants between a
mother's choice to provide breast milk for her infant
and her child's developmental status at 18 months
postpartum. The breast-milk-fed group had signi-
ficantly higher mental scale scores, even after adjust-
ing for social and demographic influences. Whether
this residual developmental advantage relates to
parental factors, including the level of concern for an
infant's welfare and perception of maternal role of a
mother who decides to provide her own milk, or to a
beneficial effect of human milk itself on brain
development has important implications for the
nutritional management of premature infants.

In the early 1980s, it was demonstrated that
LBW infants fed human milk gained weight at
roughly the same rate as infants fed formulas provid-
ing a protein intake of at least 2.25 g/kg/day (see
below) and, also, that they did not develop some of
the metabolic abnormalities observed in formula-fed
infants (16). More recently, clinical studies have
shown that infants fed their own mothers' milk have
superior rates of weight gain than infants fed
donor milk; this is due to the higher levels of protein
(approximately 30%) (17) and sodium, chloride, mag-
nesium and iron (18) in the milk of mothers who
deliver prematurely than the milk of mothers who
deliver at term. The nutrients supplied to a 33-week
preterm infant fed 200 ml/kg/d of "average" preterm
milk were in excess of calculated intrauterine
requirements for protein and minerals except cal-
cium, phosphorus and iron (18). Thus, while hypo-
natraemia is uncommon in prematurely born infants
fed their own mothers' milk, skeletal mineralization
of these infants is suboptimal (16). Moreover, it is
questionable whether human milk contains sufficient
vitamin D for the requirements of these infants (19).

On both practical and economic grounds, how-
ever, the use of the infant's own mother's fresh milk
may be essential, especially in view of the fact that the
preponderance of LBW deliveries occurs in develop-
ing countries (1). Even though such milk, compared
with full-term mothers' milk, may be disadvan-
tageous because of its variable and unpredictable
nutrient content, it still presents the many advan-
tages that human milk in the raw state has over
artificial formulas (see chapter 2). These advantages
may in turn outweigh any disadvantages that arise
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from the uncertainty of knowing an infant's precise
nutrient intake, and the attendant risk of undernutri-
tion, particularly as regards energy, water, sodium,
calcium and phosphorus, zinc, vitamin C, and folic
acid. In any case, awareness of these risks permits
monitoring for manifestations and correction of any
deficiency by supplementing breast milk in culturally
appropriate ways.

In Finland, where proprietary formulas have
never gained widespread acceptance in the feeding of
premature infants, human milk has been in almost
continuous use. Thus, human milk banking has been
carried out on a relatively large scale; about 5000
litres per million individuals are collected annually
and used for this purpose (20). About half of the
mothers who deliverVLBW infants of < 1500 gat birth
are able to lactate enough so that the infants can be
fed with their own mothers' milk (20).

Feeding VLBW infants on human milk sup-
plemented with human milk protein has been shown
to lead to improved serum total protein and blood
haemoglobin concentrations during the second
month of life (21). A study in Finland evaluating the
effect of added human milk protein on the growth of
human-milk-fed VLBW infants during the first few
weeks of life concluded that protein supplementation
improves the growth of small premature infants fed
human milk, and that the protein concentration of
bank milk is insufficient for their adequate growth
(22).

The practice in the Royal Children's Hospital in
Melbourne, Australia, is to use each mother's own
expressed breast milk, whenever possible, to feed
VLBW infants. With relatively simple techniques,
mothers can produce milk consistently with minimal
bacterial contamination, although infants grow more
slowly than those fed on specialized formulas (23).

Motivated initially by sheer economic necessity,
neonatal units in a number of developing countries
have begun to adopt, with encouraging results, the
exclusive use of preterm breast milk combined with
simple interventions to meet the special needs of
LBW infants. For example, the results of a recent
study (24) in India (Kota), where 30-40% of all
births are LBW (25), are of particular importance
given their implications for the application of econo-
mical and nutritionally adequate technology in
developing countries. The study sought to provide
adequate calories for optimal growth in 21 LBW
infants between 1.0 and 1.75 kg and gestational age
28-35 weeks by fortifying fresh preterm human milk
with medium-chained triglycerides (MCT) (coconut
oil) and sucrose. No infant in the study had symp-
toms of diarrhoea and vomiting, nor did any develop
necrotizing enterocolitis. Feeding the fortified for-
mula (MCT + sugar + preterm milk + vitamins +

iron), which was done initially by intermittent gavage
and later by small spoon/dropper, was sufficient to
achieve postnatal gains in weight and height similar
to intrauterine rates. It seemed unnecessary to add
extra protein. Long-term achievement of motor and
mental milestones was normal in 90% of the infants,
who were followed for a total of 10-12 months.

In one hospital in Bombay, emphasis is placed
on having mothers participate in the care of their
babies and engaging in minimum handling and mini-
mum interventions. Supportive aspects of this care
include:
- exclusive human-milk feeding;
- establishing a "warm-chain" starting from the

labour room to support the infant's temperature
regulation;

- stabilizing nursery admissions by rapid re-warm-
ing and oxygenation to break the vicious cycle of
hypothermia, hypoxaemia and hypoglycaemia;

- establishing perinatal audit sessions;
- developing management schedules for common

problems like respiratory distress and asphyxia;
- teaching and training nurses and midwives in

both the neonatal unit and the labour ward;
- utilizing the postnatal care ward as an inter-

mediate care unit.

This approach led to a significant decline in
the mortality rates for the three categories of infants
(< 1250 g, 1251-1500 g and > 1500 g) as well as in total
mortality; a shift in the periodicity of diarrhoeal
episodes from endemicity to self-limiting episodes;
and a reduction in health care expenditure. Follow-
up of discharged babies showed that the post-neo-
natal mortality in this high-risk group was less than
that for the general population in the city of Bombay,
possibly as a result of the fact that few mothers had
given up breast-feeding by one year postpartum (26).

The Kenyatta National Hospital and Pumwani
Maternity Hospital in Nairobi both have special care
units for sick infants and those weighing <2000 g;
many are in the VLBW category (<1500 g) (27).
Mothers lodge in nearby dormitories and come to
the units every 3 hours, day and night, where they
hand-express milk into sterilized containers. The milk
volumes thus produced are usually adequate for the
infants' needs. Mothers are actively engaged in the
care of their infants; skin-to-skin contact is
encouraged even before the infants are ready to suck.
Until infants can swallow, nurses feed the mothers'
own freshly expressed milk by gavage, adding cal-
cium and other nutrients when necessary. When
infants reach about 1600 g, their mothers take over,
giving a measured quantity of their milk by cup,
which is sterilized. No bottles are used in either unit.
Direct ad libitum breast-feeding begins when the
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infants' weight reaches about 1700 g. Exclusive use of
the mothers' own fresh milk has dramatically les-
sened neonatal diarrhoea and other infections. Most
infants are discharged fully breast-fed before they
weigh 2000 g.

Feeding the LBW infant directly from the breast
has distinct advantages. For example, one set of
studies has examined infants who were fed their own
mothers' milk either directly or from a bottle: with
breast-feeding, the infant's temperature and oxygena-
tion remained stable; with bottle-feeding, and for
some minutes thereafter, the temperature and blood
oxygen levels fell significantly (28).

The above examples and others in Helsinki,
Manila, Oslo and Stockholm (see chapter 2 on the
particular importance for the premature and LBW
infant of breast milk's immunological qualities) offer
important insights into the nutritional management
of this highly vulnerable category of infant. They also
demonstrate that, irrespective of the health care
facilities, level of technology or alternative formulas
that might be available, there is much to recommend
this feeding regimen (29) in both developed and
developing countries. Finally, this approach presents
the added advantage of involving mothers directly in
the care of their infants, while at the same time
helping to establish lactation.

Recommended intakes for
LBW infants
The optimal diet for the LBW infant is still to be
defined (30). As noted above, the recommended
intakes that follow do not represent proven
physiological requirements for LBW infants. They
nevertheless provide a basis from which more refined
recommendations may be made.

Water
At between 26 and 36 weeks gestation, water con-
stitutes 70-80% of fetal weight gain. Postpartum,
irrespective of gestational age, this ratio falls to 50-
70%. Thus, of a weight gain of 20 g, 12 g (ml) is water.
This is a small amount compared to water losses,
which are the principal determinants of water
requirements.

Water is lost through renal and extrarenal
routes. Of the extrarenal loss, insensible water loss
(IWL) via the skin (transepidermal water loss,
TEWL) and lungs amounts to 30-60 ml daily. IWL
is increased by activity, respiratory stress, and low
ambient humidity and/or high temperature. After 32
weeks gestation, TEWL in the first 3 days of life can
amount to 2-6 ml/kg/h (8 g/m2/h); however, losses
are much higher in infants with shorter gestations
(31, 32). Since the epidermis matures rapidly indepen-

dently of gestation, TEWL at 1-2 weeks of postnatal
age is similar to that of term infants. Nursing under
radiant heaters and phototherapy can increase
TEWL by 2-3-fold and 50%, respectively, and will
consequently increase the water requirements. Early
water loss can be reduced by keeping LBW infants
wrapped and in an air humidity of 80% or more;
nursing with a heat shield can increase local humidity
and reduce TEWL by 30%. Respiratory water loss is
increased if infants are ventilated with unhumidified
air. Fecal water loss is between 5 and 20 ml/kg body
weight daily.

Urinary volume depends on the osmotic load
which is excreted. Even with maximum arginine-
vasopressin (antidiuretic hormone, ADH) stimulation,
neonates cannot achieve a urinary osmolality greater
than 500 mosm/kg; more usually, it is 60-200 mosm/kg
(10). Thus, assuming that most LBW infants can achieve
a urinary osmolality of 170 mosm/kg, the customary
renal solute load (14-15 mosm/kg body weight daily)
would be excreted in 90 ml/kg/d. Summing these
losses indicates a daily water requirement of 150-
200 ml/kg body weight. Some of this requirement is
produced endogenously by nutrient oxidation (approx-
imately 12 ml/100 kcal), and thus based on a daily
energy intake of 120-130 kcal/kg, 15 ml of water
would be produced.

The practice has evolved of providing LBW neo-
nates, during the first week of life, with increasing
volumes of water at 60, 90, 120 and 180 (150-200)
ml/kg/d. The infants are able to tolerate intakes of
90-260 ml/kg/d from 3 days of age (33). The
adequacy of their water intake should be monitored
by clinical evaluation, regular weighing, determina-
tion of plasma sodium, and by measuring urine
specific gravity or osmolality. IWL should be kept to
a minimum and the increased requirements arising
from clinical and nursing techniques should always
be borne in mind. Inappropriate secretion of AVP
induced during stress, for example asphyxia or res-
piratory distress, may reduce urine volume and cause
water overloading (34). This may require water re-
striction but the coincident risk of restricting the
intakes of other nutrients should not be overlooked.

Energy
Energy (3, 5) is expended in the resting metabolic rate
and as a result of activity, thermal regulation, tissue
synthesis and dermal evaporative water loss; it is
stored in newly synthesized tissue and is lost in faeces
and urine.

LBW infants, irrespective of their size relative to
gestation, require relatively higher energy intakes
than heavier or term infants because they have higher
resting metabolic rates, inefficient intestinal absorp-
tion, less efficient thermal regulation and increased
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growth rates (35). The resting metabolic rate requires
36-60 kcal/kg/d; it increases during the neonatal
period and is higher in infants who are small for date
than in those who have grown appropriately, who
are on high energy intakes, or who are growing fast
or recovering from starvation.

The energy cost of growth comprises that
needed for the synthesis of new tissues and the energy
which is deposited in them. Estimates of the cost of
tissue synthesis vary considerably with the composi-
tion and hydration of the new tissue, rates of growth
and the supply of other nutrients, for example
protein, essential amino acids, Mg and Zn, which are
needed for efficient growth and lean-tissue synthesis.
Generally speaking, the energy cost of growth is
5 kcal/g (range 3.0-5.7) (3, 5, 35, 36). On this basis, at
a representative weight gain of 15 g/kg/d, and allow-
ing for tissue water content, the energy requirement
for synthesis would be 10-25 kcal, and the energy
stored in the tissue would be 20-30 kcal.

The energy intake lost in faeces varies with the
efficiency of intestinal absorption and with dietary
composition. Optimal absorption of energy can be
achieved by paying special attention to the quality
and quantity of fat (see below) and carbohydrate
constituents. Under ideal conditions, an absorptive
efficiency of 80% or more can be expected in the
stable LBW infant, resulting in a daily faecal loss of
10-30 kcal/kg (35). Energy used in spontaneous
activity and crying is between 5-10 kcal/kg/d.

Evaporative water loss increases energy require-
ments but these can be reduced by measures that
minimize IWL. The energy required for thermo-
regulation can be minimized by paying scrupulous
attention to maintaining the child in a thermoneutral
environment and by avoiding cooling during nursing
procedures. Infants maintained just below their ther-
moneutral environment lose 7-8 kcal/kg/d; in a cool
or temperate climate it thus seems wise to allow up to
10 kcal/kg/d for thermoregulatory activity.

Daily intakes of 95-165 kcal/kg would be
needed to match the losses outlined above; the upper
limit is probably an overestimate but it is currently
thought to be most appropriate to meet a recommen-
ded requirement of 120-130 kcal/kg/d (3,5,35). Since
human breast milk has an energy density of 65-70
kcal/dl, this energy requirement could be met with
a volume of 180-200 ml/kg/d. There is no clear
evidence that the energy density of milk from
mothers who deliver preterm is higher than that from
mothers delivering at term. Proprietary formulas
with an energy density of 65-85 kcal/dl will meet
these requirements at volumes of 200-150 ml/kg/d.
Pasteurized breast milk does not support growth as
well as raw breast milk. There is probably no benefit
in providing higher energy intakes; the LBW baby
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just becomes fat. Although small-for-gestational age
LBW infants grow faster than those of appropriate
size for date, they do this with a lower energy (fat)
deposition and higher water deposition in tissue (37)
and do not necessarily benefit from increased energy
intakes.

Protein (3-5)
Approximately 90% of absorbed dietary protein
nitrogen is incorporated in infants' tissues but this
operation's efficiency and the level of tolerance of
dietary protein depend on the quality of the protein,
the availability of energy and other nutrients (for
example Mg, Zn, P) which ensure its efficient use, and
the maturation of amino-acid metabolism and renal
excretory mechanisms.

The nitrogen content of the fetus rises from
14.6g/kg at 24 weeks gestation to 18.6g/kg at 36
weeks gestation; the respective nitrogen accretion
rates are 252 mg/kg/d and 320 mg/kg/d (38). Multi-
plying these figures by 6.25 to derive an estimate of
daily net protein accumulation gives corresponding
figures of 1.6 g and 2.0 g/kg. Glycine, cysteine and
taurine may be essential amino acids in the LBW
infant because of an increased requirement and the
immaturity of their endogenous synthetic pathways.

As a rule of thumb, protein should comprise
about 10% of energy intake. Inappropriately high
intakes (>4 g/kg/d), impaired utilization of amino
acids and proteins that is secondary to deficiencies
of other nutrients, and stress and infections all predis-
pose to protein catabolism, acidosis, hyperammon-
aemia, raised blood urea, and increased renal solute
load. The delicacy of these interrelationships demon-
strates the biochemical vulnerability of LBW infants.
Even stable LBW infants, especially those who are on
high protein intakes, are susceptible to developing
high plasma concentrations of phenylalanine, tyro-
sine and methionine; this is probably secondary to
immature activities of parahydroxyphenyl pyruvic
acid hydrolase and cystathionase.

Protein requirements of LBW infants are calcu-
lated to be 2.9 and 3.5 g/kg/d at 24 and 36 weeks,
respectively. These intakes approximate 2.2 and 2.7 g/
100 kcal in a feed providing 130 kcal/kg/d. It has
been suggested that an infant formula should provide
at least 2.25 g/100 kcal, that is 2.9 g/kg/d at an intake
of 130 kcal/kg. Protein intakes greater than 4 g/kg/d
(3.1 g/100 kcal) may not be used effectively (39) and
should be avoided.

Early breast milk contains about 25 g of protein
per litre. By the time lactation is established this falls
to a nitrogen equivalent of about 12 g of protein per
litre; of this, 25% is in the form of non-protein
nitrogen as urea and nucleotides. Furthermore, not
all the protein may be absorbed; secretory IgA (10%
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of the total protein present), lactoferrin and lysozyme
may be excreted intact in the faeces. Thus the effec-
tive available protein in breast milk is about 7 g/l.

The metabolic significance of the non-protein
nitrogenous compounds is a fascinating and un-
resolved problem. The protein in raw breast milk is
better utilized than that in infant formula. None the
less, even on daily intakes of 180-200 ml/kg of breast
milk, infants may still not receive adequate protein,
especially if they are gaining weight rapidly and
supplementation with breast-milk protein (40) or
with hydrolysed casein (41) is being evaluated.

Considering all these points, it has been recom-
mended that proprietary cow's-milk-based formulas
should be whey predominant and should contain
1.8-2.4 g of protein per dl at 2.2-3.2 g/100 kcal, which
would provide 2.9-4.0 g/kg/d. The protein content
of breast milk may not match these recommended
intakes, and thus the practice has developed of
supplementing breast milk for LBW infants with a
whey formula or, more occasionally, human-milk
protein (40) (see examples above).

Taurlne (42)
This sulphur beta amino acid may be a growth
factor. Preterm infants have low plasma and urinary
concentrations of taurine, which may represent a
relative inefficiency of the rate-limiting synthetic
enzyme cysteine-sulphonic acid decarboxylase.
Taurine supplements in some LBW infants on paren-
teral nutrition increased the plasma taurine acid
concentrations and normalized the electroretino-
grams. However, the case for routine supplementa-
tion is not universally recognized, even if it has been
accepted that most proprietary formulas should be
fortified to match the taurine content of breast milk
(about 5 mg/dl).

Fat (5)
Fat provides 50% of the energy in breast milk,
irrespective of whether the milk is from mothers who
delivered before or at term. Reduced secretion of
pancreatic lipase and low intraluminal bile-salt con-
centrations limit the intestinal absorption of lipids in
preterm infants even more than in those infants born
at term. Fat constitutes 1% of body weight at 26
weeks gestation and 16% at term, representing an
accumulation of about 550 g during the last 14 weeks
of gestation.

Breast milk contains higher amounts of long-
chain unsaturated fatty acids (linoleic (C18:2w6),
linolenic (C18:3w3), arachidonic (C20:4w6) and
docosahexanoic (C22:6w3)) than cow's milk lipid in
which palmitic acid (C16:0) is the predominant fatty
acid. Unsaturated fatty acids are more efficiently

absorbed than are saturated fatty acids of the same
chain length; in breast milk 60-70% of the long-
chain fatty acids are unsaturated, whereas approx-
imately 60% of those in cow's milk are saturated.
The role of the polyenoic acids in breast milk is
unknown but they accumulate rapidly in the fetal
brain during the last trimester of pregnancy (43).

The fatty acids in the 2 (beta) position in triacyl-
glycerols are less readily hydrolysed by pancreatic
lipase than those in the 1 and 3 positions. In breast
milk over 95% of the lipid is triacylglycerol; in this
case the predominant beta ester is palmitic acid. The
resultant product of hydrolysis, palmitate monoacyl-
glycerol, is well absorbed. In contrast, palmitate is a
less well absorbed form in cow's milk lipid because
only about 30% is esterified to the beta position of
glycerol.

Because the milk of all mothers, including those
who give birth to LBW infants, has a variable fat
content during the course of a single feeding (see
chapter 2), LBW infants should not be fed solely on
foremilk. This was underscored by a recent study
which examined the growth rate of one group of
infants fed with pooled drip milk, which is known to
be low in fat, and another group fed on a high-calorie
experimental formula. There was no control group of
infants fed on breast milk having a balanced fat
composition. Growth outcomes were better for the
infants fed on the experimental formula (44).

LBW infants have clinical, biochemical and his-
tological evidence of essential fatty acid deficiency
if their linoleic-acid intake comprises less than 1%
of their energy intake. Consequently, it has been sug-
gested that in proprietary formulas linoleic acid
should account for at least 4.5% of total calories
(that is, 0.5 g/100 kcal), and that linolenic acid
should provide at least 0.5% of total calories (55 mg/
100 kcal).

Since there are clear advantages to having un-
saturated fatty acids in infant feeds, many proprietary
formulas are now prepared using vegetable oils.
Measures that improve the efficiency of fat absorp-
tion also improve the utilization of energy, minerals
(for example Ca, Mg, and Zn), and nitrogen.

Medium-chain fatty acids (MCFA; C8-12) are
more easily absorbed than long-chain fatty acids and
can enter the mitochondria for oxidation without the
carnitine transfer system. For these reasons, and
because milk of mothers of preterm infants has 2-3
times more MCFA than does full-term mothers' milk,
MCFA have been used in feeding LBW babies. The
use of medium-chain triglycerides (MCT) in infant
formula results in up to a 20% improvement in
absorption efficiency. This has not been associated
with significantly better energy balances or weight
gains, although these may in fact be inappropriate
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outcomes to monitor. MCT and their constituent
fatty acids become incorporated in adipose tissues
and membranes, but no adverse effects have been
seen in infants fed formulas containing up to 80% of
fat as MCT.

The ESPGAN Nutrition Committee has recom-
mended that formulas should not contain more than
40% of fat as MCT. In quantitative terms, at an
energy intake of 130kcal/kg/d and a maximum re-
commended carbohydrate and protein intake, the
recommended fat intake would be 4.7g/kg (3.6g/
100kcal). The suggested intake range is 4-9g/kg/d
(with a maximum lipid density in formula of 7g/100
kcal).

Carnltine (5)

Carnitine (beta-hydroxy-gamma-triethylamino buty-
ric acid), a quaternary amino acid, is essential for
fatty-acid oxidation because it transports long-chain
fatty acids across the inner mitochondrial membrane.
Reduced plasma and tissue concentrations of car-
nitine in some preterm infants suggest that their
endogenous synthesis of carnitine is reduced, but no
deficiency syndrome has been detected and there is,
as yet, no case for supplementation. Since breast milk
contains 39-63 ymol/A, it has been proposed that
proprietary formulas be supplemented to provide at
least 60-90 imol/l.
Carbohydrate
Intestinal disaccharidase activities are present from
14 weeks of gestation. At mid-gestation the activities
of lactase, sucrase, isomaltase and maltase are
approximately 70-50% of those at term and clinical
experience shows that preterm infants tolerate the
corresponding disaccharides well. Although lactose
is not essential (its constituent, galactose, which
is needed for cerebroside and glycosaminoglycan
synthesis, can be derived from glucose in the liver),
there is a case for providing carbohydrate in this
form for non-breast-fed preterm infants because it
enhances the intestinal absorption of minerals and
promotes the growth of intestinal lactobacilli. The
intraluminal hydrolysis of the short-chain polysac-
charides present in breast milk is facilitated by
endogenous alpha-amylase and by breast-milk alpha-
amylase. However, the former may not be well
developed in preterm infants, and may limit its use to
reduce the osmolality of glucose polymers and par-
tially hydrolysed starch as energy sources in formula.

The inclusion of sucrose in proprietary formulas
is not associated with any demonstrable metabolic
disadvantage, although it induces a higher insulin
response than does lactose. Starch hydrolysates (for
example corn-syrup solids and maltodextrins) are
other possible carbohydrate sources.

Glucogenic pathways are established in preterm
infants but they are less efficient and their function
may be limited by the availability of substrates. The
glucose requirement of LBW infants is higher than
for term infants. Their respective glucose turnover
rates are 5-6 mg/kg per minute and 3-5 mg/kg per
minute (45). Since glucose is the main oxidative
substrate for the brain, the LBW infant is vulnerable
to hypoglycaemia. Since even moderate hypogly-
caemia (that is, plasma glucose < 2.6 mmol/l) can be
associated with subsequent impaired neurodevelop-
ment (46), every effort should be made to avoid its
occurrence.

Breast milk contains about 7-8 g of lactose per
dl (7.7 g/l00 kcal) and requires no supplementation.
A proposed lactose content of proprietary formulas is
3.2-12 g/100 kcal, not exceeding 8 g/dl. The total
carbohydrate content recommended for such feeds is
7-14 g/100 kcal, with a maximum of 11 g/dl. Higher
intakes could be used but they may cause osmotic
diarrhoea and distort energy:protein ratios.

Minerals

Calcium and phosphorus (3-5). At 26-36 weeks gesta-
tion the fetus accumulates 120-150 mg of calcium per
kg/d (3-3.25 mmol) and 60-75 mg (1.94-2.42 mmol)
of phosphorus per kg/d. A 1-kg fetus has 5.7 g of
calcium and 3.4 g of phosphorus, 99% and 80% of
which, respectively, are found in the skeleton, the rest
in the soft tissues. Neither breast milk nor propri-
etary formulas can match the calculated accretion
rates for these minerals, which present the greatest
problems for infants of less than 34 weeks post-con-
ceptional age.

Early neonatal calcium deficiency may cause
asymptomatic hypocalcaemia, which stimulates a
release of parathormone and mobilization of skeletal
calcium. Early introduction of feeds or of calcium
with parenteral nutrition reduces this problem's
incidence. Late neonatal hypocalcaemia (at 3-15
days of age), unless it is detected biochemically, can
initially manifest itself by convulsions.

After birth, extensive bone turnover and re-
modelling, combined with continued bone growth,
lead to reduced bone density, which is sometimes
described as a "physiological osteoporosis". The
range of bone changes can vary from a barely dis-
cernible radiological hypomineralization to severe
rickets with fractures. The assessment of bone
mineralization is difficult (47). Parameters that have
been used to assess both this and calcium metabolism
include calcium balances; biochemical indices of bone
and calcium metabolism, for example plasma alkaline
phosphatase activity; plasma concentrations of
parathormone, calcium and phosphorus; radiological
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density; postmortem analysis; and photon densito-
metry.

This last technique may prove particularly useful
in future, especially when combined with biochemical
monitoring of systemic calcium and phosphorus
homeostasis. As many as 57% of infants weighing
< 1 kgmay develop frank rickets (48). Nearly all infants
< 1.5 kg in weight will develop reduced bone miner-
alization because they have impaired calcium reten-
tion irrespective of their calcium intake. Adequate
deposition of skeletal calcium depends on the supply
of phosphorus. These two minerals may well be the
principal, though not the only, determinants of the
development of metabolic bone disease (49,50),
although vitamin D deficiency may also play a role.
Even high intakes of vitamin D, generating normal or
raised plasma concentrations of vitamin D
metabolites, do not necessarily prevent metabolic
bone disease (50).

A phosphorus-depletion syndrome can develop
in breast-fed LBW infants. The requirements for
phosphorus retention can be calculated by using the
following formula, which makes specific allowance
for the phosphorus required for soft tissue synthesis:

Phosphorus retention (mg) = calcium retention
2

nitrogen retention
+ 17.4

If these requirements, which approximate 0.6 mmol/
kg/d, are not met by dietary intake, there is insuf-
ficient phosphorus available to maintain plasma
inorganic phosphate, which falls below 1.5 mmol/l,
and to incorporate calcium into bone. Thus, the
phosphate-depletion syndrome is associated with
elevated plasma calcium concentrations, hyper-
calciuria (> 0.4 mmol/kg/d), hypophosphaturia
(<0.1 mmol/kg/d), and an elevated plasma alka-
line phosphatase activity (often above 1000 IU/I).
Although this alteration in alkaline phosphatase
activity has no specific prognostic value for
individual patients, groups that have experienced
such elevations during the neonatal period and
infancy are ultimately shorter than those that have
not.

Phosphate supplements (0.3 mmol/kg/d) improve
calcium retention and eliminate hypercalciuria (51),
but large phosphorus supplements may cause phos-
phaturia, hypocalcaemia and hypercalciuria (52).
Growth is improved but hypomineralization is not
prevented. The phosphate-depletion syndrome is rare
in formula-fed LBW infants because their phos-
phorus intake is higher than that of breast-fed
infants.

Calcium and phosphorus supplies should thus
be carefully balanced. Calcium cannot be utilized
effectively for bone formation in the absence of phos-
phorus and there is no evidence that calcium intakes
> 140 mg/kg/d are effective in improving bone
mineralization. Indeed, such intakes may be detri-
mental because they may lead to impaired fat absorp-
tion, intraluminal calcium precipitation, hypercal-
caemia, metabolic acidosis and phosphorus deple-
tion.

The calcium and phosphorus content of breast
milk from mothers delivering preterm is 25-34 mg/l
(0.62-0.85 mmol/1) and 11.6 mg/l (0.37 mmol/l), re-
spectively, which is similar to that in term milk.

The ESPGAN Committee recommends that the
range for calcium supplied by proprietary formulas
be 1.75-3.5 mmol/100 kcal and that for phosphorus
1.6-2.9 mmol/100 kcal. In order to achieve optimum
utilization of both minerals, the ideal calcium:phos-
phorus ratios are considered to be 1.4-2.0:1.0.

When calcium intake is low, particularly with
LBW infants, the ratio of phosphorus to calcium
should be high in order to provide for soft-tissue
synthesis; this can be deduced from the above equa-
tion and, similarly, when calcium intake is low, lower
Ca: P ratios are tolerated.

Magnesium (5). A 1-kg fetus has 0.2 g of magnesium;
this increases to 0.8 g, 65% of which is in the
skeleton, in the full-term infant weighing 3.5 kg. After
potassium, magnesium is the major intracellular
cation. It is essential for adequate protein and soft-
tissue synthesis.

Hypomagnesaemia in preterm infants manifests
itself by convulsions and persistent hypocalcaemia
and may be associated with rapid weight gain. Fac-
torial approaches suggest that at 1 kg the LBW
infant should be accumulating 10 mg of magnesium
per kg/d, while at 1.5 kg the rate is 8.5 mg/kg/d.
Breast milk provides 3.0 mg/dl. It has been suggested
that formulas for preterm infants should contain
6-12 mg of magnesium per 100 kcal (0.25-0.5 mmol/
100 kcal).

Sodium (3-5). The 25-week fetus has 94 mmol of
sodium per kg of body weight. By term, this has
fallen to 74 mmol/kg. The daily accumulation of
sodium in the second half of gestation is 0.5-1.1
mmol/kg.

In the first 4-5 days of life, the LBW infant loses
about 12% of body weight and 6-16 mmol of sodium
per kg. This loss occurs in spite of nitrogen and
potassium retention and is independent of sodium
intakes of 1-6 mmol/kg/d. Some 70-80% of the
weight loss seen in infants weighing about 1 kg at
birth is due to isotonic loss of ECF. Thus, the LBW
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infant assumes postnatally the ECF: ICF ratio of the
term baby and the ECF loss is not regained. The
most probable cause of hyponatraemia during the
first 5 days of life is water retention secondary
to inappropriate secretion of arginine-vasopressin
(antidiuretic hormone, ADH).

Most LBW infants achieve positive sodium
balance during the second week of life; intakes of
1.6 mmol sodium per kg/d can achieve this but do
not necessarily prevent hyponatraemia (<130 mmol
Na/I). On such intakes of sodium, some 50% of
infants fed pooled breast milk and 20% of those fed
proprietary formulas may develop late hypona-
traemia. However, this can be corrected with intakes
of 33 mmol Na/d. Infants, especially those under 30
weeks gestation with immature renal tubular sodium
re-absorption, may need as much as 8-12 mmol/kg/
d; the sodium intake can be adjusted to maintain
normal plasma sodium concentrations (130-
135 mmol/l) as the renal function matures. After 32-
34 weeks of gestation LBW infants have lower
sodium requirements; most are able to maintain
normal plasma concentrations irrespective of
whether they are fed a formula intended for full-term
infants that provides 1.2 mmol/kg/d, or one for
preterm infants providing 3.9 mmol/kg/d.

Since mature breast milk contains only 6.5 mmol
Na/l, it may not provide sufficient sodium for growth
and maintenance of plasma sodium concentrations in
LBW term infants even when they are fed 200 ml/kg/
d. It is therefore necessary to monitor continually
plasma sodium concentrations, and sodium sup-
plements in the form of sodium chloride (approx-
imately 2-4 mmol/kg/d) should be provided when
necessary. Infants fed their own mother's milk may
be at a lower risk of hyponatraemia because such
preterm milk can contain more sodium. However,
because the content is variable, it is still necessary to
monitor plasma sodium concentrations.

Since requirements vary so much with postnatal
and post-conceptional ages, it is difficult to provide
optimal sodium intakes for all LBW infants from a
single formula. It has been recommended that the
sodium content of proprietary formulas for preterm
and LBW infants should be similar to those prepared
for full-term babies. This would be in the range of
6.5-15 mmol Na/I (1.0-2.3 mmol/100 kcal), and thus
ensure an overall intake of not less than 1.3 mmol/kg/d.
Additional supplements can be given when appropriate.

Pota"lum (5). Potassium deficiency is rare, even dur-
ing periods of rapid growth, and intakes matching
those provided by breast milk would meet the needs
of all LBW neonates. Thus, at concentrations of 10-
17.5 mmol/A (1.5-2.6 mmol/l00 kcal), a daily intake
of 2.0-3.5 mmol/kg would be achieved. On this basis,

the potassium content of most formulas for preterm
infants (15-25 mmol/l) is adequate for the LBW
infant.

Chloride (4,5). Chloride is the major anion in the
ECF and, with sodium, contributes 80% of ECF
oncotic activity. At 25 weeks gestation (500 g body
weight), the chloride content of the human fetus is
70 mmol/kg, falling to 46 mmol/kg in the term
(3.5 kg) infant. The daily accumulation of chloride is
thus calculated as being 0.7 mmol/kg/d.

Dietary chloride deficiency has not been de-
scribed in LBW infants, but it has developed in full-
term infants fed soya-based or cow's-milk formula
containing less than 3 mmol/l. Features included a
failure to thrive, muscular weakness and hypotonia,
vomiting and dehydration, anorexia, low plasma-
chloride concentrations, hyponatraemia, hypo-
kalaemia, hypocalcaemia and a metabolic alkalosis.
The urine had a negligible chloride content.

As a routine precaution, therefore, low chloride
intakes should be avoided in the LBW infant. Since
the chloride content of breast milk is 11-22 mmol/I
(1.6-3.3 mmol/100 kcal), the amount of chloride pro-
vided by most formulas (11-16 mmol/1 (1.6-2.5 mmol/
100 kcal)) would appear to be adequate to avoid
chloride deficiency. At an energy intake of 130 kcal/
kg/d they would provide 2.1-3.3 mmol/kg/d. At stan-
dard energy intake, both foods would provide 2.2-
4.3 mmol/kg/d.

Iron. At 1 kg the fetus has 64 mg of iron, thereafter
gaining 1.8 mg/kg/d. The iron stores of infants weigh-
ing less than 1.4 kg would be exhausted after 6-8
weeks, whereas those in heavier LBW infants would
probably last to about 12 weeks postnatal age.
Frequent blood sampling may deplete the infant's
iron stores (1 g of haemoglobin contains 3 mg of iron)
(5), although these infants appear to be able to
compensate for such blood loss remarkably well (53).

As noted in chapter 2, iron-deficiency anaemia is
extremely rare in normal infants fed only on breast
milk during the first 6-8 months of life. There is,
however, a physiological fall in haemoglobin concen-
tration in the first two months of life and a redistribu-
tion of this iron to storage compartments (20).
Preterm infants experience a fall in haemoglobin
concentration during this same period that is more
marked than in term infants. It seems that the fall
varies with the birth weight, even if supposedly
adequate iron supplementation is provided. Thus the
so-called early anaemia of prematurity, which results
in low haemoglobin values at two months of age,
cannot be prevented by iron supplementation and
should therefore be considered as physiological (20).

The absorption of iron from any milk is higher
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in preterm than in full-term infants (54). Even VLBW
infants (body weight < 1250 g) are apparently able to
absorb the iron needed for their high requirements
given their remarkably rapid rate of postnatal growth
(20). It has been observed that exclusively human-
milk-fed VLBW infants who were getting iron sup-
plements from two months of age had a higher
concentration of haemoglobin and serum ferritin at
four months of age than another group that was
formula fed and given supplementary iron from birth.
This indicates that the small LBW infant absorbs
supplementary iron better when fed on human milk
than on formula (20).

Some studies appear to show that the premature
infant cannot maintain optimal iron nutrition, with-
out supplementation, after the age of two months
(20). It is difficult to indicate what is the optimal dose
of iron as supplement because individual needs for
iron may vary with birth weight, neonatal sickness,
and blood loss. Some data indicate that infants,
whose birth weight ranged between 1 and 2 kg, who
were given 2 mg of iron/kg/d, did not show clinical
iron deficiency (55). The dose was probably adequate
and was certainly not excessive for the maintenance
of iron stores. However, many borderline serum
ferritin values were found although no anaemia was
documented (55). It could be argued that a higher
dose of iron such as 3 mg/kg/d would provide a more
comfortable margin of safety, especially in those
infants with a birth weight between 1 and 1.5 kg.
Some data indicate that 4 mg of iron/kg/d adminis-
tered to a group ofVLBW infants (birth weight <1 kg)
would prevent most laboratory signs of iron
deficiency (53). There was, however, a marked decline
in serum ferritin despite the large dose of iron admin-
istered.

Some proprietary formulas contain sufficient
iron to achieve the recommended intake without any
supplement. It is possible that excessive iron sup-
plements are associated with an increased risk of
lipid peroxidation and haemolytic anaemia, altered
intestinal flora, and an increased risk of Gram-
negative septicaemia. However, these risks have not
been totally substantiated.

To achieve iron intakes of 2.0-2.5 mg/kg/d,
infant formula should contain about 1.5 mg of iron
per 100 kcal which, on the recommended range of
energy intake, would supply 1.7-2.5 mg/kg/d at a
formula content of 1-1.28 mg/dl. However, most for-
mulas contain 0.6-0.7 mg of iron per dl, and infants
fed on them may thus need supplementation at about
8 weeks of age. The maximum iron supplement
should be 15 mg/d.

Since blood transfusions provide significant
amounts of iron, infants who are having their
haemoglobin concentrations maintained this way

have no further need for iron supplements.

Copper(4, 56). The fetus accumulates copper at the
rate of 51 pg/kg/d; at term, the infant has 14 mg of
the element, half of which has accumulated in the
liver during the last trimester of pregnancy. Sporadic
copper deficiency occurs in LBW infants and its
grossest manifestations are iron-resistant anaemia
and skeletal changes. The copper requirements of the
preterm infant have not been established and there
appears to be no need for routine supplementation of
breast-fed infants. An adequate copper content for
proprietary formulas would be 90-120 ug/100 kcal,
which would provide between 120-150 ig/kg/d.

Zinc (4, 5). The fetus' zinc content is fairly constant at
19 + 5 mg/kg fat-free tissue. During the last trimester
the accumulation of zinc is 149 pg/kg/d; thus a full-
term infant has about 66 mg of the element, 25% of
which is in the liver and 40% in the skeleton.
Although there is no specific systemic store of zinc in
the term or preterm infant, redistribution of this
hepatic and skeletal zinc may be able to meet the
demands of newly synthesized lean tissue. However,
symptomatic zinc deficiency occasionally occurs in
LBW infants at 2.5-4.5 months postnatal age. It
is not known whether these infants develop zinc
deficiency because of the low zinc content of breast
milk or because of their high rates of growth relative
to zinc supply. Both factors are probably important.

The characteristic features of zinc deficiency
(dermatitis, poor feeding, slowed weight gain,
frequent loose stools, irritability, jitteriness and,
sometimes, convulsions) disappear rapidly with oral
zinc supplements (15-61 jmol/kg/d). It has been sug-
gested that proprietary formulas for preterm infants
should contain 0.55-1.1 mg/100 kcal (0.72-1.44mg/
kg/d at an intake of 130 kcal/kg/d).

Fat-soluble vitamins

Vitamin A (3,5). The molar ratio of retinal:retinol-
binding protein is lower in LBW preterm infants than
in infants born at term. Although overt vitamin A
deficiency in the former is rare, low plasma retinol
levels may be associated with functional biochemical
evidence of deficiency. This suggests a need to supply
additional vitamin A, which is further strengthened
by the likelihood of increased requirements arising
from the deposition of the vitamin in adipose tissue.
Vitamin A utilization increases in infants who are
being ventilated, and this has been associated with
the development of bronchopulmonary dysplasia
(57), although there is as yet no clear evidence that
this is a causal association.

It has been suggested that preterm infants
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should receive between 200 and 1000 pg of vitamin A
daily. Breast milk contains about 90 pg of vitamin A
per 100 kcal and it has been proposed that the
content of proprietary formulas for LBW infants
should be not less than this, with an upper limit of
150upg/l00 kcal. The intake at which vitamin A toxi-
city develops is unclear. Certainly many infants
receive much larger doses of vitamin A adventitiously
with the use of multivitamin supplements to achieve
adequate vitamin D intakes.

Vitamin D (5, 58). The amount of vitamin D in
the fetus is dependent upon the mother's intake
and exposure to sunlight. Congenital neonatal rickets
has been described in LBW infants born to vitamin
D-deficient mothers; otherwise overt vitamin D
deficiency is of later onset. Since the intestinal
mucosa responds poorly to 1-25-dihydroxy-cholecal-
ciferol before 32 weeks gestation, and because of
difficulties in optimizing calcium and phosphorus
metabolism, LBW infants may need vitamin D sup-
plements. If they are breast-fed, a suitable dose would
be 1000 IU (25 yg/d), with a range of 800-1600 IU/d.
There is a risk of hypercalcaemia if infant formula is
supplemented with vitamin D; it is preferable if such
products do not contain more than 120 IU (3 pg)/
100 kcal, as cholecalciferol or ergocalciferol. Sup-
plements can then be more easily regulated and
provided in similar doses to those for breast-fed
infants.

Vitamin E (3,5). Vitamin E activity comprises 8 dif-
ferent compounds, all of which are lipid-soluble,
membrane-related, free-radical scavengers or anti-
oxidants. The requirement for vitamin E has not been
established. It varies with oxidative stress, which in
turn is related to iron intake and to the susceptibility
of tissue membranes to oxidative damage; thus
infants on high intakes of polyunsaturated fatty acids
(PUFA) have increased vitamin-E requirements,
which are expressed frequently in relation to PUFA
intake.

The possibility that pharmacological doses of
vitamin E may prevent bronchopulmonary dysplasia,
retinopathy of the preterm and intraventricular
haemorrhage has not been fully substantiated and
should not, as yet, serve as a basis for recommended
vitamin-E intakes. Breast milk, which contains 0.29-
0.54 mg tocopherol equivalents (TE) per dl, has a
TE: PUFA ratio of 0.7-1.1 mg/g. This exceeds that
which has been found to prevent lipid peroxidation
and symptomatic vitamin E deficiency (as manifested
by erythrocytic sensitivity to peroxide haemolysis
and altered platelet function). As an extension of
these observations, it has been proposed that the
vitamin-E content of proprietary formulas should not

be below 0.4 mg TE/dl (0.6 mg/100 kcal) at a ratio of
alpha-tocopherol: PUFA of 0.9 mg/g.

Viamin K (5). Vitamin K is required for a number of
carboxylation mechanisms, which involve the forma-
tion of carboxyglutamate. This is found in the
coagulation factors prothrombin, VII, IX and X;
osteocalcin, which is a possible site of interaction
with vitamin D; and in a renal tubular protein, which
may solubilize urinary calcium.

LBW infants need vitamin K supplements
because of their rapid systemic utilization of this
vitamin, low dietary intake, and limited intestinal
production possibilities. Standard practice is to give
all infants 0.5-1 mg of vitamin K intramuscularly on
the first day of life. This can be repeated at weekly
intervals until the child is on adequate oral feeding,
which should provide 2-3 pg/kg/d. Most proprietary
formulas contain 3-10pg vitamin K per dl and the
amount in breast milk is slightly lower at 1-2 ug/dl.

Water-soluble vitamins

Thiamin (5). Thiamin deficiency (beriberi) is rare in
LBW infants unless they have been breast-fed by
thiamin-deficient mothers or fed soy-based formula.
Normally there is sufficient thiamin in breast milk to
maintain an adequate supply for infants. However,
since this vitamin is inactivated by heat treatment,
the thiamin content of pasteurized breast milk is low,
and supplements may be needed to ensure an intake
of 25 pg/kg/d. It has been suggested that proprietary
formulas should contain sufficient thiamin to provide
an intake of 20pg/100 kcal (15 ug/dl). Intakes of 10
times this amount have been tolerated by LBW
infants.

Riboflavin (5, 59). The case for ensuring a minimum
intake of riboflavin in preterm infants is based on
demonstration of biochemical riboflavin deficiency
and on evidence that riboflavin may increase the
efficacy of phototherapy. Intakes of 40-60 pg/
100 kcal are probably adequate. Breast milk contains
30-50 4ug/dl (40-70 glg/I00 kcal), while most pro-
prietary formulas have a higher content still. Since
riboflavin is photosensitive, it has been argued that
the exposure of breast milk to light results in a
variable loss of vitamin activity. In addition, photo-
therapy may cause a transient biochemical riboflavin
deficiency in breast-fed infants, although no clinical
signs of such deficiencies have been reported.

Nicotink acid (niacin) (5). This vitamin is synthesized
endogenously from tryptophan; 60 mg of tryptophan
yields 1 mg of niacin and is defined as one niacin
equivalent (NE). Total NE in dietary intakes is
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equivalent to niacin (mg) plus (0.017 x tryptophan
(mg)). Since neither pellagra nor nicotinic-acid toxi-
city has been observed in LBW infants, there is
probably no need to supplement the intake of breast-
fed infants. Breast milk contains 0.6 NE/dl (0.85 NE/
100 kcal); it has therefore been suggested that pro-
prietary formulas should contain 0.5-1.0 mg niacin per
dl, in addition to their variable tryptophan content,
to achieve a minimum intake of 0.8 NE/100 kcal.

Pyridoxine (vitamin B,) (5). Pyridoxine, pyridoxal and
pyridoxamine have similar activities. Deficiencies in
LBW infants are manifested by vomiting, irritability,
dermatitis, failure to thrive and convulsions. The
possibility of such a deficiency increases with the use
of such drugs as isoniazid and penicillamine. Pyri-
doxine intake may best be assessed relative to protein
intake. Breast milk contains 35 pg of pyridoxine per
100 kcal, which is approximately 15 pg/g protein, and
it has been suggested that proprietary formulas
should contain similar amounts. No upper limit has
been established and toxicity has not been observed
at intakes as high as 250 pg/1OO kcal.

Pantothenk acid (5). Neither clinical deficiency nor
toxicity of this vitamin has been observed in the
LBW infant. It has therefore been suggested that
proprietary formulas should contain about 200 pg/dl
(330 ug/100 kcal), which matches the content of
breast milk (200-400 pg/dl).

vitamin B,2 (0.1-2 pg/dl) than does breast milk
(0.1 pg/dl). However, clinical B,1 deficiency has not
been seen in LBW infants unless they have been
breast-fed by vitamin B,2-deficient mothers or by
strict vegans. There is, therefore, no need to sup-
plement the intakes of either breast-fed or
proprietary formula-fed infants.

Ascorbic acid (vitamin C) (3,5). Vitamin C is essential
for the conversion of folic acid to folinic acid, and the
hydroxylation of proline, lysine, adrenalin and tryp-
tophan. It is a powerful reducing agent and a con-
sequent adventitious effect may be that, at adequate
dosage, it prevents the transient hypertyrosinaemia
and hyperphenylalaninaemia seen in LBW infants,
especially those who are on high-protein intakes.
Vitamin C may present the additional advantage of
being a systemic antioxidant.

Breast milk contains about 4 mg vitamin C per
dl, although this can be reduced by as much as 90%
through heat treatment. Proprietary formulas supply
5-30 mg/dl. The ideal intake of vitamin C has not
been established but it is clearly prudent to ensure
adequate intake. Consequently, it has been recom-
mended that breast-fed infants receive at least 20 mg
of vitamin C daily and that proprietary formulas
contain at least 5 mg of vitamin C per dl (7.5 mg/
100 kcal). These intakes may have to be increased in
infants fed on casein-dominant formulas.

Blotin (5). Biotin, which is readily absorbed, is
produced by intestinal microflora. With the excep-
tion of infants on total parenteral nutrition, no
deficiency has been observed. Since breast milk con-
tains 0.8 pg biotin per dl, proprietary formulas
should probably match this (about 1 pg/dl (1.5 pg/
100 kcal)).

Folk acid (S). Deficiency of folic acid in LBW infants
has a profound effect on cell division, leading to
megaloblastic anaemia, leucopenia, thrombocyto-
penia, impaired growth, intestinal villous atrophy
and altered maturation of the CNS. Folate deficiency
in LBW infants has been readily corrected by daily
supplements of 60-65 pg of folic acid; nevertheless,
the criteria for adequate folate supply are not clear.
The corltent of breast milk varies but normally pro-
vides 65.pg daily. Most standard proprietary for-
mulas contain at least 40 pg of folic acid per dl
(approximately 60 ug/100 kcal). Since folic acid is
heat-sensitive, the possibility of a folate deficiency
developing in infants who are fed heat-treated for-
mulas should not be overlooked.

Vitamin B,, (6). Proprietary formulas contain more

Resum6
Le nourrisson de petit poids de
naissance
Environ 16% des enfants qui naissent dans le
monde p6sent moins de 2500 g. En dessous de
cette limite on distingue ceux qui pesent entre 1,5 et
1 kg et ceux qui pdsent moins de 1 kg. Ces nou-
veaux-nes ont des besoins nutritionnels par-
ticuliers du fait de leur croissance extrdmement
rapide et de leur immaturit6. La prise en charge
nutritionnelle des nourrissons de faible poids de
naissance a fait l'objet d'6tudes tr6s completes et
des recommendations ont 6t6 formul6es. Le rapport
de la SociWtE europ6enne de gastro-ent6rologie
p6diatrique et de nutrition (SEGEPN) sur
"L'alimentation et la nutrition des pr6matur6s" fait
aussi le point sur la question.

II n'y a pas de crit6res ideaux pour la prise en
charge nutritionnelle des enfants de poids insuf-
fisant a la naissance. On ne peut se baser sur les
critbres de croissance intra-uterine pour fixer les
critdres postnatals, d'abord parce que les besoins
metaboliques diff6rent, ensuite parce que les pre-
matures perdent trbs vite des liquides extracellu-
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laires pour arriver A un rapport liquides extracellu-
laires-liquides intracellulaires equivalant A celui
des enfants nes a terme, ce qui represente une perte
de poids de 8 a 10%. Les apports conseilles qui sont
donnes ici ne representent pas des besoins physio-
logiques verifies.

De maniere generale les enfants nes apres 35
semaines de gestation ou plus, et qui constituent la
grande majorite des prematures, peuvent et
devraient recevoir du lait maternel. S'il peut etre
necessaire d'enrichir le lait de la mere pour les
quelques enfants n6s entre la 326me et la 356me semaine
de gestation, virtuellement tous peuvent 6tre nourris
au sein ou au moins avec du lait maternel. Les
prematures nes avant la 32Ame semaine, dont la
plupart ont un poids de naissance inferieur a 1500 g,
representent un groupe particulier du fait de leurs
besoins nutritionnels particuli6rement el6ves. Au
debut une alimentation parenterale pourra etre
necessaire.

Techniques d'alimentation
Les techniques choisies doivent compenser l'im-
maturite de l'enfant et ne pas risquer de perturber la
circulation de l'air ou de favoriser une aspiration
du contenu de l'estomac. Durant la p6riode initiale
pour les nourrissons de tres faible poids de nais-
sance ou d'extr6mement faible poids de nais-
sance ni la voie orale directe ni le sondage ne sont
possibles. C'est donc une alimentation parent6rale
totale qui est necessaire. Ceci est valable aussi
pour les enfants malades. Bien que la d6glutition
apparaisse d6s la 16"' semaine, une activit6
motrice organisee de l'osophage ne se developpe
pas avant environ la 34" semaine ce qui explique
la predisposition des prematures au reflux aeso-
phagien. Des apports massifs sont mal tol6r6s, la
capacit6 gastrique limitee peut goner les fonctions
respiratoires en cas de distension. II faudra
souvent combiner alimentation parent6rale et
alimentation par la voie digestive.

La vidange gastrique est plus rapide avec le lait
de femme qu'avec d'autres formules et elle est
favorisee en procubitus et en position laterale. II est
recommande d'utiliser des sondes en silicone plutot
qu'en PVC afin de diminuer le risque de perforation
intestinale. Les avantages d'un sondage trans-
pylorique par rapport a un sondage intragastrique
sont discutes. La sonte transpylorique ne pr6dis-
pose probablement pas au risque d'enterocolite
necrosante et la localisation de la sonde dans le
duodenum plutot que dans le j6junum 6vite des
probl6mes d'absorption, notamment des lipides. Le
fait d'utiliser une infusion enterale continue ou
intermittente demeure sujet a controverse.

Ce chapitre examine successivement les dif-
ferents besoins.

Eau. Les pertes en eau qui conditionnent les
besoins peuvent etre reduites, pour les pertes extra
renales, par le maintien des prematures en atmos-
ph6re humidifiee A 80% ou plus. Le volume uri-
naire depend quant A lui de la charge osmotique
imposee au rein. Meme si le systeme arginine-
vasopressine est stimule au maximum ces
nouveau-nes ne peuvent atteindre une osmolalite
sup6rieure A 500 mOsm/kg. En fonction des pertes
les besoins quotidiens en eau sont donc de 150 a
200 ml/kg de poids corporel.

Energie. Au repos le metabolisme est plus eleve
que chez les enfants a terme, il est de 36 a 60 kcal/
kg/j. En tenant compte de tous les autres facteurs
on pense que les besoins sont satisfaits avec
un apport journalier calorique de 120 a 130 kcal/kg.

ProtWines. Les besoins ont ete estimes a 2,9 et
3,5 g/kg/j a 24 et 36 semaines respectivement. La
taurine pourrait intervenir dans la croissance mais
il n'est pas certain qu'il faille systematiquement en
enrichir le regime, meme si l'on pense que les
formules speciales doivent etre enrichies en
taurine pour atteindre la meme concentration que
dans le lait maternel. Les proteines doivent en
regle generale representer environ 10% de la
ration.

Lipides. 50% de l'6nergie fournie par le lait mater-
nel 1'est sous forme de lipides et ceci aussi bien
chez les meres ayant accouche prematurement
que chez celles ayant accouche a terme. La
SEGEPN recommande que les formules speciales
pour prematures ne contiennent pas plus de 40%
de triglycerides a chaines moyennes. Quan-
titativement pour un apport 6nergetique de
130 kcal/kg/j, avec des apports en glucides et en
proteines maximum, les apports conseilles
seraient de 4,7 g/kg (soit 3,6 g/100 kcal). Les
apports pourraient aller de 4 a 9 g/kg/j avec une
densite lipidique maximum de 7 g/100 kcal dans
les preparations. Comme pour la taurine il a ete
suggere d'enrichir les regimes avec de la carnitine
de maniere a fournir 60 a 90 pmol/l, le lait maternel
contenant 39 a 63 imol/l.

Glucides. Le lait maternel contient 7 a 8g de
lactose/dl (7,7 g/100 kcal) et ne doit donc pas etre
enrichi. On propose pour les formules speciales une
teneur en lactose de 3,2 a 12 g/100 kcal ne d6pas-
sant pas 8 g/dl. Ainsi la teneur totale recommandee
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de la ration en glucides est de 7 a 14 g/100 kcal avec
un maximum de 11 g/dl. Des apports superieurs
pourraient etre envisages mais ils risqueraient de
provoquer une diarrh6e osmotique et un de-
s6quilibre du rapport 6nergie/proteines.

Mindraux. (Les chiffres donnes se rapportent a la
teneur en sels mineraux des formules ou prepara-
tions speciales pour prematures)

Calcium et phosphate: La SEGEPN recom-
mande pour le calcium un apport de 1,75 A
3,5 mmol/100 kcal et pour le phosphore un apport
de 1,6 a 2,9 mmol/100 kcal.
Magnesium: 6 a 12 mg/100 kcal (0,25 a
0,5 mmol/100 kcal).
Sodium: 6,5 a 15 mmol Na/I (1,0 a 2,3 mmol/
100 kcal).
Potassium: 15 a 25 mmol/l.
Chlorures: 11 a 16 mmol/I (1,6 a 2,5 mmol/
100 kcal).
Fer: 1,5 mg/100 kcal.
Cuivre: 90 a 100 pg/100 kcal soit 120 a 150 pg/
kg/j.
Zinc: 0,55 a 1,1 mg/100 kcal.

Vitamines liposolubles
Vitamine A: Les prematures doivent recevoir
200 A 1000 pg/j avec une limite de 150 pg/
100 kcal dans les formules speciales.
Vitamine D: 800 a 1600 Ul/j.
Vitamine E: Les formules speciales devraient
contenir au moins 0,4 ET/dl (0,6 mg/100 kcal)
(ET= equivalent tocopherol).
Vitamine K: 0,5 a 1 mg intramusculaire le pre-
mier jour de la vie.

Vitamines hydrosolubles
-Thiamine: L'apport doit etre de 25 pg/kg/j.
-Riboflavine: L'apport doit etre de 40 a 60 pg/

100 kcal.
-Acide nicotinique (B3): Les formules doivent

contenir 0,5 a 1 mg (dl de niacine).
Pyridoxine (B6): II n'y a pas de toxicite meme
avec des apports de l'ordre de 250 pg/100 kcal.

-Acide pantoth6nique: 200 pg/dI (330pug/
100 kcal) dans les formules.
Biotine. 1 ug/dl (1,5 ,ug/100 kcal dans les
formules.
Acide folique: 40 pg/dl (60 pg/100 kcal) dans les
formules.
Vitamine B12: II n'est pas necessaire d'enrichir
le regime.

Acide ascorbique (vitamine C): 5 mg/dl (7,5 mg/
100 kcal) dans les formules.

En conclusion le choix entre le lait maternel et
les formules de substitution dans l'alimentation des
nourrissons de poids insuffisant a la naissance est
tr6s difficile aussi bien du point de vue des justifi-
cations nutritionnelles et immunologiques que d'un
point de vue pratique. Etant donne que la plupart
(>90%) de ces nourrissons naissent dans les pays
en developpement l'utilisation du lait de la mere
pourrait etre la seule option realiste. Toutefois,
ind6pendamment de la nature des systbmes de
sante, des niveaux technologiques ou des formules
alternatives disponibles, des etudes ont demontre
qu'il y a avantage A alimenter les nourrissons de
poids insuffisant A la naissance avec le lait de leur
propre mere quel que soit 1'environnement.
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