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Nutrition of newborn infants, particularly of those born preterm, has advanced substantially in recent years.
Extremely preterm infants have high nutrient demands that are challenging to meet, such that growth faltering is
common. Inadequate growth is associated with poor neurodevelopmental outcomes, and although improved early
growth is associated with better cognitive outcomes, there might be a trade-off in terms of worse metabolic outcomes,
although the contribution of early nutrition to these associations is not established. New developments include
recommendations to increase protein supply, improve formulations of parenteral lipids, and provide mineral
supplements while encouraging human milk feeding. However, high quality evidence of the risks and benefits of
these developments is lacking. Clinical trials are also needed to assess the effect on preterm infants of experiencing
the smell and taste of milk, to determine whether boys and girls should be fed differently, and to test effects of
insulin and IGF-1 supplements on growth and developmental outcomes. Moderate-to-late preterm infants have
neonatal nutritional challenges that are similar to those infants born at earlier gestations, but even less high quality
evidence exists upon which to base clinical decisions. The focus of research in nutrition of infants born at term is
largely directed at new formula products that will improve cognitive and metabolic outcomes. Providing the most
effective nutrition to preterm infants should be prioritised as an important focus of neonatal care research to improve
long-term metabolic and developmental outcomes.

Introduction
Nutrition of newborn infants has been the subject of
debate and experimentation since antiquity. However,
the focus of most recent research has been on the
nutrition of preterm infants (less than 37 weeks’
gestation). In this Series paper, we focus on advances and
controversies in the nutrition of preterm infants and
mention only briefly some aspects of nutrition of infants
born at term (37–42 weeks’ gestation) that pose challenges
to clinicians and families. Some current practice points
are drawn from the available evidence (panel).

Overview of issues for very preterm infants
Extremely preterm infants (less than 28 weeks’ gestation)
are born at a time when, if still in utero, they would be
growing very rapidly.1 To match fetal growth, an infant
born at 24 weeks’ gestation needs to double its weight by
30 weeks’ postmenstrual age and be more than five times
Key messages
• Preterm birth is a nutritional emergency
• Breastmilk is the optimal food for all infants and is commonly supplemented to
sustain growth in very preterm infants
• Rapid early growth is associated with improved cognitive outcomes in infants born
preterm at the expense of adverse metabolic outcomes; optimal nutrition at early
stages may ameliorate this trade-off
• The objective of neonatal nutritional strategies should be to optimise
neurodevelopmental outcomes rather than growth alone
• However, there are insufficient high quality data to be confident of optimal
macronutrient intakes for preterm infants
• There is a dearth of high quality evidence about the best approaches to feeding
moderate-to-late preterm infants
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its birthweight by 40 weeks. This phenomenal growth
demands a much higher intake of energy, protein, and
other nutrients than is needed by infants born at later
gestations. Extremely preterm infants are also born with
low stores of key nutrients such as iron, zinc, calcium,
and vitamins and with little or no subcutaneous fat and
glycogen stores because most placental transfer of
nutrients to provide these stores occurs in the third
trimester of pregnancy.
The physiological immaturity of extremely preterm
infants also makes provision of adequate nutrition a
major challenge. Imbalances of fluid, glucose, and
electrolytes are common in the first few days while an
Panel: Practice points for nutrition of very preterm
infants
• Start parenteral nutrition, including aminoacids and
lipids, within the first 24 h after birth
• Consider parenteral nutrition starter solutions with high
nutrient concentration to provide nutrition while limiting
early fluid intake
• Aim for aminoacid intakes of 3·5 g/kg per day
• Breastmilk is best for all infants but breastmilk alone
might not support recommended growth trajectories
• Assessment of growth should include length, head
circumference, and weight
• Nutritional intakes should be calculated using a
standardised nutritional composition reference
• Supplements after discharge from hospital can
accelerate growth in the first year after birth, but there
is no evidence of improved later cognitive or metabolic
outcomes
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immature skin barrier, together with the demands of
thermoregulation, respiratory distress, and other early
illnesses, contribute to high energy and fluid
requirements. However, early intake of large amounts of
fluid can be associated with increased risk of adverse
outcomes such as bronchopulmonary dysplasia and
necrotising enterocolitis.2 Structural and functional
immaturity of the gut mean that enteral feeds are initially
poorly tolerated, and immature coordination of sucking,
swallowing, and breathing commonly prevents sucking
feeds until close to term-equivalent age.
In practice, the usual approach is to initiate intravenous
fluids immediately after birth and to provide parenteral
nutrition until full enteral feeds are tolerated. Enteral
feeds are begun as very small volumes (often 1 mL every
4–12 h) via an oro-gastric or naso-gastric tube. Volumes
are increased slowly, with some clinicians providing only
minimal enteral nutrition for several days before
progressive increases in volume, despite lack of evidence
that delaying progression improves outcome.3 The
transition from mainly intravenous nutrition to full
enteral feeds can be episodic, with many reversals when
feeds are not tolerated, and can take 7–14 days or more. If
feeding is primarily with breastmilk, commercially
available powdered or liquid milk fortifiers are often
added to increase energy, protein, and micronutrient
content that will support the infant’s rapid growth,
although there is no evidence of any long-term benefit.4
Preterm formula preparations are often used for the
same reason. Enteral tube feeding continues until the
infant is mature enough to start sucking and can
coordinate swallowing and breathing at around
32–34 weeks’ post-menstrual age and continues to
support feeding until full sucking feeds are established.

Breastmilk
Breastmilk is widely recognised as the best source of
nutrition for preterm infants.5 Mothers who deliver
preterm produce breastmilk of different composition
from those who deliver at term, with higher protein
concentrations.6 The advantages of feeding preterm
infants breastmilk include improved immune defences
and gastrointestinal function, a 58% reduction in the
incidence of necrotising enterocolitis,7 and improved
long-term neurodevelopment outcomes.8,9 These
advantages have led to the establishment of breastmilk
banks to provide donor human milk when a mother’s
own breastmilk is not available. However, donor milk
usually comes from mothers late in lactation who
delivered at term, and pasteurisation and storage result
in variable nutrient loss, particularly of fat.10 These
concerns are partly addressed by the addition of fortifiers,
which can include bovine or human milk proteins.
There may be short-term advantages of feeding extremely
preterm infants exclusively human milk (ie, including
donor milk and human milk fortifier) as opposed to
exclusively bovine milk products or a mother’s own milk
www.thelancet.com Vol 389 April 22, 2017

supplemented with a bovine-derived fortifier.11 For
example, a reduced incidence of necrotising enterocolitis
was reported in two small trials.12 In these trials, growth
was slower in infants who were fed exclusively human
milk, and there is still no evidence regarding the effect of
feeding exclusively human milk on long-term growth,
metabolic, or cognitive outcomes.

Challenges of volume and metabolic regulation
Adequate nutrition is essential for good growth in
preterm infants, but the smaller the infant, the greater
the challenge in providing optimal early nutrition.
Appropriate administration of intravenous nutrition is
difficult, particularly in the first few days after birth.
Infusion of drugs, maintenance of vascular access, and
volume boluses to support blood pressure commonly
result in administration of relatively large volumes of
non-nutritional fluids. Findings from a systematic review2
of five randomised trials of restricted versus liberal fluid
intakes showed that fluid restriction reduces the risk of
patent ductus arteriosus and necrotising enterocolitis,
with non-significant trends towards reduction in risk of
bronchopulmonary dysplasia, intracranial haemorrhage,
and death. Thus, limits to both the volume and
concentration of intravenous and enteral solutions that
are tolerated in the first few days after birth mean that
early growth failure is common.13 Highly concentrated
parenteral nutrition starter solutions can assist in
achieving greater nutrient intakes in smaller fluid
volumes during the first few critical days after birth.14
In the absence of level 1 evidence, international
consensus guidelines are frequently used to guide
practice, but recommended intakes are seldom achieved.15
Despite evidence that 2–3 g/kg per day of both aminoacids
and lipid can be administered safely on the day of birth,16
surveys of practice in Europe and the USA show that
only 38% of neonatal units gave the recommended
protein intake on the day of birth, and only 40% of
neonatal units gave lipid by day 3.17 Thus, in the critical
first 2 weeks after birth, preterm infants are commonly
receiving less than 30–50% of the estimated nutritional
intake that they would be receiving in utero. One reason
is a well founded lack of confidence that the guidelines
are evidence-based. However, given the physical and
nutritional status of small infants, extremely preterm
birth has been described as a nutritional emergency, and
optimised nutrition should be a priority.18 The oft-cited
concern that intakes of large amounts of protein early
after birth can have adverse metabolic and cognitive
consequences comes from old studies in which the
patient demographics and both intravenous and enteral
nutrition solutions differed substantially from those
used today.15,19
In addition to faltering postnatal growth, inadequate
nutrition can contribute to electrolyte disturbances as
cellular catabolism leads to the release of ions, such as
phosphate and potassium, from cells. When nutrition is
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later restored, the reverse effect on electrolyte balance
can occur as restoration of anabolism leads to the cellular
uptake of these ions. These electrolyte disturbances can
be analogous to the refeeding syndrome described in
malnourished adults.20
Although early intravenous nutrition for very preterm
infants has become standard care, many uncertainties
persist about the ideal quantity and balance of individual
aminoacids, the optimal content of lipid emulsions, and
optimal macronutrient intake at initiation of intravenous
nutrition, and about how quickly glucose, protein, and
lipid intake can be increased in the first few days after
birth.

Mineral intake
Preterm infants are at risk of metabolic bone disease,
which is characterised by bone demineralisation due to
low mineral stores at birth, limited mineral intake, use of
drugs that are deleterious to the skeleton (such as loop
diuretics and corticosteroids), and, in some cases,
vitamin D deficiency.21 In severe cases, clinical rickets can
ensue, and fractures can occur with minimal or no
trauma in the smallest infants.
In the past, poor mineral solubility has restricted the
amount of calcium and phosphorus added to parenteral
nutrition solutions. However, the availability of organic
phosphate has improved the stability of solutions
containing high concentrations of calcium and organic
phosphate, such that recommended parenteral intakes of
calcium and phosphate can be achieved.22
Although breastmilk is considered the ideal nutrition
for preterm infants, it does not contain sufficient
minerals for the rapid bone growth that is necessary in
preterm infants, and inadequate calcium and phosphate
intakes in infants fed exclusively human milk can
contribute to metabolic bone disease. Fortification of
human milk with calcium, phosphate, and vitamin D is
recommended,21 although there is little reliable evidence
that fortifcation has long-term benefit.23

Protein intake
The amount of protein intake needed to sustain normal
growth varies according to the child’s growth rate and,
therefore, postconceptional age. Both empirical methods
(observing the effect of manipulating macronutrient
intakes on growth) and factorial methods (calculating
requirements based on fetal accretion of body
components) estimate that aminoacid intakes of at least
3–3·5 g/kg per day are necessary in babies with extremely
low birthweight to achieve nitrogen retention and growth
rates similar to the fetus in utero.24 Findings from
multiple studies have shown that early administration of
intravenous aminoacid up to 3·6 g/kg per day is safe,
well tolerated, and results in positive nitrogen balance
and an improved rate of protein synthesis.16
However, results of randomised trials25 to test the effect
of intravenous intake of large amounts of protein on
1662

growth are inconclusive, with no studies powered
adequately to assess later outcomes, including
neurodevelopment. Results of the two most recent
trials26,27 showed opposite effects of high protein intake
on head growth and no effect on body composition. Most
of the studies are small (n≤150 participants), and protein
intakes did not reach target levels, meaning the difference
in protein intake between the control and intervention
groups was much smaller than intended.
Similarly, there are few data on neurodevelopmental
outcomes after high enteral protein intakes, although
results of a meta-analysis28 showed that measures of
growth, including linear growth, were improved in
infants with low birthweight (less than 2·5 kg) who
were fed formula with high protein content. The
substantial variation in the methods used to calculate
nutritional intakes and growth makes comparisons
between published datasets difficult and meta-analyses
unreliable. Standardised reporting of neonatal nutrition
and growth outcomes is now recommended (StRoNNG
checklist).29

New intravenous lipid formulations
Energy intake in the first week after birth is greatly
affected by intake of lipid because of its high energy
content per unit volume. Delayed administration of
lipid can also lead to essential fatty acid deficiency.30
Increased cumulative intake of lipids during the first
2 weeks after birth has been associated with improved
neurodevelopment at 1 year corrected age.31 Traditional
soybean-based lipid emulsions can contribute to
increased levels of proinflammatory cytokines and
oxidative stress in newborn infants.32 New lipid emulsions
containing fish, olive, and coconut oils provide a balanced
ratio of omega-6 and and omega-3 polyunsaturated fatty
acids and may be beneficial for preterm infants,33 but
more evidence is needed before their routine use can be
recommended.

Glucose homeostasis
Preterm infants are at risk of hypoglycaemia because of
limited glycogen and fat stores and impaired regulation of
the glucose–insulin axis. This risk can continue for several
weeks after birth, even after full enteral feeds are
established.34 Since glucose is the major cerebral fuel for
newborn babies, insufficient brain glucose supply can
contribute to brain injury. Early reports of a strong
association between repeated blood glucose concentrations
less than 2·6 mmol/L and later developmental impairment
in very preterm infants35 have not been replicated,36 and
there is little evidence that intervening to maintain
normoglycaemia will improve outcomes. Nevertheless,
neonatal hypoglycaemia is reported to be the only
independent risk factor for adverse developmental
outcome in late preterm infants.37
Intravenous nutrition usually delivers glucose at a high
rate, and preterm infants do not consistently respond with
www.thelancet.com Vol 389 April 22, 2017
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the normal suppression of endogenous glucose
production.38 These infants also have small volumes of
insulin-sensitive tissues (fat and muscle) and limited
insulin secretory capacity.39 These factors combine to
make hyperglycaemia common, with incidence as high as
80% in very preterm infants.40
High glucose infusion rates in extremely preterm
infants are associated with an increased incidence of
neonatal hyperglycaemia and death.41 Hyperglycaemia
is also associated with adverse outcomes including
mortality, retinopathy of prematurity, and intraventricular
haemorrhage.42 Whether hyperglycaemia per se is the
cause of adverse clinical outcomes or is simply a marker
of the smallest and sickest infants remains uncertain,
although results from studies in animals suggest that the
relationship could be causal.43 It is also uncertain how
hyperglycaemia should be treated, or whether the
commonly used treatment options (decreasing the
intravenous glucose load or administering insulin) alter
short-term or long-term outcomes.44 Increasing protein
intake while reducing glucose intake can reduce the
incidence of hyperglycaemia,45 as does increasing the
amount of intravenous lipid.46 However, reducing glucose
intake too far might increase the risk of hypoglycaemia
and inadequate calorie intake, leading to faltering
growth. Early elective insulin treatment of extremely
preterm infants has been shown to reduce the incidence
of hyperglycaemia but not improve clinical outcomes.47
Insulin treatment of infants with hyperglycaemia
reduced blood glucose concentrations and improved
early weight gain.48 However, in both studies, insulin
treatment was found to increase the risk of
hypoglycaemia,48,49 which might in turn increase the risk
of long-term neurodevelopmental impairment.35

Smell and taste
The role of smell and taste in nutritional support of
preterm infants has received little attention, despite the
presence of functional taste receptors from 18 weeks’
gestation and flavour perception from around 24 weeks’
gestation.49 Smell and taste are important for efficient
metabolism as they activate the cephalic phase response
and the release of appetite hormones in saliva.50 Smell
and taste also initiate metabolic processes through
secretion of hormones such as insulin and ghrelin.51 In
adults, impaired oral nutrient sensing is associated with
increased energy intake and body-mass index (BMI).52
Preterm infants receive milk via a gastric tube, with no
opportunity for smell or taste. However, changes in brain
tissue oxygenation in response to odours have been
detected in infants born as early as 32 weeks’ gestation,
with differential responses to odours rated as pleasant or
unpleasant.53 Some preliminary data indicate that
provision of smell and taste before gastric tube feeds can
decrease the time to reach full enteral feeds and full
sucking feeds, reducing length of hospital stay.54,55
Whether such a simple intervention improves feed
www.thelancet.com Vol 389 April 22, 2017

tolerance, growth, and metabolic health in extremely
preterm infants merits further research.

Long-term outcomes and current controversies
Trade-offs in metabolism and cognition

Preterm birth confers increased risk of adverse longterm health outcomes, including obesity, hypertension,
and diabetes, as early as the third and fourth decades of
life.56,57 This metabolic risk is substantially related to
increased adiposity. In a study of late preterm infants, a
182% increase in fat mass was recorded between birth
and term-corrected age, by which time they had about
50% greater body fat than term-born controls.58 This
appears to be due to preserved development of fat mass
but impaired accretion of lean mass, particularly in boys,
and has been attributed to inadequate nutrient intake
between birth and term-corrected age.59
Results of studies in immature infants (mean of
30 weeks’ gestation) suggested that cognitive outcomes
could be improved through enhanced nutrition with an
enriched preterm formula.60 However, infants who were
fed the enriched formula also had increased adiposity and
markers of insulin resistance in childhood.61,62 In a more
recent cohort of moderate-late preterm infants, enhanced
growth in infancy was associated with improved cognition
but poor metabolic outcomes at 8 years; an increase in
weight gain of one standard deviation between birth and
4 months of age was associated with a 20% reduction in
the risk of low IQ but a 27% increase in the risk of
overweight or obesity.63 These effects persisted through to
18 years of age. Data such as these suggest that there
might be a trade-off in preterm infants receiving enhanced
nutrition to prevent postnatal growth faltering; although
enhanced nutrition results in better brain growth and
cognitive outcomes, it accelerates weight gain and
increases risk of metabolic and cardiovascular disease
later in life. However, the causal relationships are not well
established, and it is possible that they reflect, in part,
healthy babies tolerating early and improved nutrition and
having good long-term outcomes. Indeed, infants fed
exclusively human milk have less pronounced weight gain
than infants fed formula but have better cognitive
outcomes (the so-called breastfeeding paradox).64 Thus,
infant growth, at least when assessed exclusively by weight
rather than by overall growth, which would include
assessment of length and head growth, has limitations as
a measure of the effect of nutritional interventions, and
much effort is being directed to identify early biomarkers
of important later functional outcomes.19

Sex effects
Although girls and boys have long been known to grow
differently, experience different metabolic and endocrine
environments, and have different cognitive and health
outcomes, little attention has been paid to the potential to
improve outcomes after preterm birth by feeding girls and
boys differently. It is well established that perinatal insults
1663
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can result in different adult phenotypes in males and
females. In animal studies of perinatal insults in a variety
of species, males are more likely than females to exhibit
adverse effects in later life, such as impaired renal function,
hypertension, insulin resistance, altered hypothalamic–
pituitary–adrenal axis function, and altered growth.65 The
reasons for this sex-specific difference in susceptibility to
early environmental perturbations are not well understood,
but might include faster growth and hence greater
substrate demands in males than in females, altered speed
of maturation, different exposure to sex steroids, and sexspecific epigenetic mechanisms.65 Unfortunately, findings
from most clinical studies are not reported by sex, and
most studies are not adequately powered to do so.
Nevertheless, there is limited evidence that breastmilk
composition varies according to the sex of the offspring,
lending biological plausibility to the proposal that
nutritional needs might be different in girls and boys.66
Of the few studies of early nutrition in preterm infants
that do report outcomes for boys and girls separately,
boys given nutritional supplements were found to have
faster early growth, higher lean mass, and better
neurodevelopmental outcomes than the boys who did not
receive nutritional supplements. However, these benefits
were not seen in girls who received the supplements.
Rather, girls who received supplements were more likely
to have increased adiposity and worse neurodevelopment
than those who did not receive nutritional supplements.8,67–69
This differential pattern of nutritional effects on boys and
girls was also reported in preterm infants who were given
preterm formula after discharge from hospital70,71 as well
as in infants born at term but small for gestational age
who were given enriched formula for the first 6 months.62,72
Future clinical trials of nutritional interventions need to
be adequately powered to assess nutritional effects on
boys and girls separately, detect sex-related interactions,
and determine long-term metabolic and cardiovascular
outcomes, body composition, and neurodevelopment.

Role of insulin and IGF-1
Insulin and IGF-1 have important roles in fetal growth
and are both regulated by nutrition, particularly by the
supply of glucose and aminoacids.73 Fetal insulin
deficiency, such as in pancreatic agenesis or after
experimental pancreatectomy,74 results in fetal growth
restriction. Similarly, homozygous nonsense mutation
of the human insulin receptor gene results in
leprechaunism, with severe intrauterine growth
restriction and postnatal growth failure,75 and deletion of
either the Igf-1 or Igf-2 genes in mice retards fetal
growth.76 In fetal lambs, insulin replacement after
pancreatectomy restored fetal growth, but additional
insulin above normal concentrations did not further
increase growth.74 Thus, insulin is necessary for normal
fetal growth, but nutritional supply is also important.
The effect of insulin as a growth hormone decreases
during the neonatal period, although the timing of this
1664

transition is less clear for very preterm infants, and IGF-1
has a key role in postnatal growth as the mediator of
growth hormone-mediated somatic growth.77 Igf-1
knockout mice have poor postnatal and fetal growth,78
and children with homozygous partial IGF-1 deletion
have poor growth and developmental delay.79
Plasma IGF-1 concentrations in very preterm infants are
much lower than in the fetus at the equivalent gestational
age.79,80 This difference might reflect the absence of
amniotic fluid containing IGF-1 swallowed by the fetus or
postnatal nutritional limitations, including reduced
protein intake.81 Low plasma IGF-1 concentrations in
extremely preterm infants have been associated with poor
postnatal growth, neurodevelopmental impairment, and
retinopathy of prematurity.82,83 Plasma IGF-1 concentrations
are also reduced by dexamethasone treatment in preterm
infants, with negative effects on growth.84
These findings have led to attempts to increase
circulating insulin and IGF-1 concentrations to improve
postnatal growth in very preterm infants. Plasma IGF-1
concentrations are increased by early elective insulin
treatment in infants with very low birthweight85 but not
by tight glycaemic control with insulin in preterm infants
with hyperglycaemia.47 A continuous infusion of IGF-1
and IGFBP-3 in extremely preterm infants is safe in the
short term,86 but additional research is needed to
determine neonatal outcomes and long-term safety.

Nutritional supplements after discharge from hospital
Many infants have large deficits in growth and body
composition and are still feeding poorly when discharged
from hospital. Thus there has been considerable interest
in investigating whether these infants should continue to
receive nutritional supplementation after discharge.
Limited evidence from randomised trials suggests that
preterm formula (increased concentrations of protein,
energy, and multiple micronutrients), but not
postdischarge formula (smaller increases in energy and
protein, with variable micronutrients), improves growth
in infants aged 12–18 months, with greater weight, body
length, and head circumference, compared with infants
who received standard formula. However, there is no
evidence of improved developmental outcomes and no
reports of later metabolic outcomes.87 Similarly, the
limited evidence87 that is available suggests that addition
of fortifier after discharge from hospital for breastfed
infants does not improve growth or developmental
outcome at 18 months.

Moderate-to-late preterm infants
Infants born at 32+⁰–36+⁶ weeks’ gestation account for
more than 80% of preterm infants worldwide, totalling
about 13 million infants per year.88 These infants
therefore constitute a much larger proportion of the
health-care burden related to preterm birth than do
extremely preterm infants. Most of these infants who are
born in developed countries survive, but there is
www.thelancet.com Vol 389 April 22, 2017
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increasing evidence that developmental and metabolic
outcomes are impaired compared to those born at term.89
At 34 weeks’ gestation, the overall brain weight is 65% of
the brain weight at 40 weeks’ gestation,90 so early nutrition
to support brain growth is critical in these infants, as it is
in those born more preterm. Furthermore, the apparent
trade-off between metabolic and cognitive outcomes is
seen in moderate-to-late preterm infants, not just those
born very early.63
Moderate-to-late preterm infants have nutritional
challenges after birth that are similar to those born
extremely preterm. Their sucking, swallowing, breathing
coordination, and gut motility are immature, supply of
breastmilk is often delayed, and hepatic glycogen stores,
which double is size between 36 weeks’ and 40 weeks’
gestation, are insufficient to compensate for a lack of
enteral nutrition.
However, by contrast with very preterm infants,
moderate-to-late preterm infants are often not given
supplemental nutrition until full enteral feeds with
breastmilk are established. Practice around their early
nutritional support varies widely, reflecting a lack of
evidence.91 There are no data in support of supplementing
with donor or formula milk early after birth, or whether
to wait until the mother’s breastmilk is available. There
are also no data that show whether 10% dextrose alone is
sufficient while waiting for the mother’s milk or for
enteral feeds to be tolerated, despite the inevitable
accumulating nitrogen deficit, or whether infants should
receive parenteral nutrition to reduce catabolism. All of
these approaches are common in clinical practice.
Adequately powered randomised trials are urgently
needed to inform the optimal approach to feeding
moderate-to-late preterm infants.
One of the challenges in providing nutrition of
moderate-to-late preterm infants, and potentially one of
the reasons that variation in practice is so wide and
high quality evidence is so scarce, is that many of these
infants can look and behave superficially similar to
infants born at term. There is, therefore, often pressure
to avoid medicalisation of late preterm infants who are
otherwise well, and parents and carers sometimes have
strong views about feeding. For example, some parents
and carers would rather give infant formula by gastric
tube to avoid intravenous infusion, whereas others
would rather the infant received intravenous fluids
while awaiting mother’s milk to avoid formula. There is
no reliable evidence to inform such decisions.

Infants born at term
Breastfeeding is undoubtedly the best nutrition for
infants.92 Breastfed infants have a reduced incidence of
infectious diseases, including gastrointestinal and
respiratory infections.93 Breastfeeding also reduces the
risk of otitis media, atopic eczema, sudden unexpected
death in infancy, and, possibly, allergic rhinitis in
childhood.92,93 However, by contrast with observational
www.thelancet.com Vol 389 April 22, 2017

data, long-term follow-up data from the PROBIT
randomised trial94,95 did not show any effect of
breastfeeding on BMI, asthma, allergy, or mortality in
mid-childhood. There is no evidence of a protective effect
of breastfeeding on blood pressure or insulin resistance.96
Breastfeeding is biologically possible for most women
and infants. However, in some rare situations,
breastfeeding is either not possible or risks harming the
infant. Maternal HIV is a relative contraindication to
breastfeeding (when replacement feeding is acceptable,
feasible, affordable, sustainable, and safe).97 Some
maternal medications, such as antineoplastics, can
also be transmitted through breastmilk in concentrations
that are dangerous to the infant. Rare metabolic diseases,
such as galactosaemia, necessitate feeding with a specific
formula to avoid potentially fatal complications.
Infant formulas are designed to mimic breastmilk as
closely as possible. Research has been done to identify
various nutrient additives for infant formulas such as
low glycaemic carbohydrates, which had no beneficial
effect on glycaemia.98 The evidence of the benefits of
supplementary long-chain polyunsaturated fatty acids
is heterogeneous, with no clear benefit for growth,
cognitive, or visual outcomes in infants born either at
term or preterm, although there seems to be a reduced
risk of allergy in later life.99 This observation is supported
by evidence of a nutrient–gene interaction, with most
marked benefit in children who have the FADS genotype
(fatty acid desaturase gene),100 which causes low synthesis
of long-chain polyunsaturated fatty acids from
endogenous precursors.
Altering the macronutrient composition of formula has
been shown to confer a large effect on metabolic outcomes.
In a large randomised controlled trial101 with babies born
at term who were fed infant formula and follow-on
formula with either a lower protein content (1·77 g
protein/100 Kcal and 2·2 g protein/100 Kcal, respectively,
ie, closer to the composition of breastmilk) or a high
protein content (2·9 g protein/100 Kcal and 4·4 g
protein/100 Kcal, respectively), weight-for-length Z score
at 2 years of age was greatest in the group of infants that
received formula with high protein content, translating
into a higher BMI and 2·4-fold increased risk of obesity at
6 years of age.102 The increased fat mass was visceral,
rather than subcutaneous, indicating that there might be
metabolic consequences as these children age.103
Importantly, children who received the formula with low
protein content as infants showed no decrement in mental
performance at 8 years of age and performed similarly to
children who were not randomised and were breastfed.104
Findings from experimental studies105 in mice have
shown that reformulating milk substitute so that the
lipids are contained in larger droplets more analogous to
those seen in breastmilk, rather than the small lipid
droplets characteristic of formula milks, reduced fat
accumulation by 30% and prevented the adult obesity
associated with a post-weaning, western-style diet. The
1665
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modified formula was also found to improve performance
in short-term memory tasks.106
Similarly, modifying triacylglycerol structure in
formula to more closely resemble that in human milk
might have benefits. Triacylglycerol is a major source of
energy in both breastmilk and formula. About 25% of the
fatty acids are palmitate, predominantly (70%) in the
middle (sn-2) position on the glycerol backbone. In cow’s
milk and in formula, palmitate predominates in the sn-1
and sn-3 positions, where it is hydrolysed by pancreatic
lipase. A formula containing a synthetic triacylglycerol
with 50% of the palmitate in the sn-2 position resulted in
softer stool (harder stools are more common in formulafed infants), increased faecal bifidobacteria, and
increased whole-body bone mineral content.107
All of these studies suggest that formula composition can
be modified in ways that can improve metabolic outcomes,
although breastfeeding, whenever possible, remains the
optimal approach to nutrition of the newborn baby.

Conclusions and future directions
Although much has been learned about neonatal
nutrition, there is much still to do, as clearly set out in the
Pre-B Project.10,19 Advances in nutrition of infants of all
gestational ages will necessitate continual assessment of
long-term metabolic and neurodevelopmental outcomes
as well as of short-term effects on growth and body
composition.
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