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Why human milk?
Human milk reduces the risk of sepsis and
necrotising enterocolitis (NEC) in the
preterm infant, and enhances neuro-
developmental outcome despite relatively
slow growth in the neonatal period1-3. It is
more easily tolerated than formula, which
may lead to fewer days of parenteral
nutrition4-5. In addition it appears to
reduce many cardiovascular risk factors6-7;
however it is not clear how far these latter
benefits are due to initial slower growth
rate or factors specific to breast milk. 

Growth on unfortified milk
During the initial few weeks of feeding
mothers’ own preterm milk, preterm
babies have been shown to grow
satisfactorily8. However, despite the reports
that some infants <2000g birth weight
grow well on human milk alone beyond
the first few weeks, many eventually
require additional supplies of limiting
nutrients, especially infants <1500g. Larger
well infants may tolerate up to 220mL/kg
of breast milk precluding the need for
fortification, therefore it is advisable to
look at increasing the volume of milk
before fortification is considered. However
these infants will still need vitamin and
iron supplements once parenteral nutrition
has finished, they may also need additional
phosphorus and sodium. 

Limiting nutrients in human milk 
Some nutrients in breast milk may be
present in limiting amounts for many
infants <1500g and some <2000g. 

Milk from a fully emptied breast is likely
to provide an adequate energy density due
to the collection of the high fat hind milk
(FIGURE 1). In a study by Warner et al
breast milk fat content was calculated on a
daily basis in each of 38 women who were

not instructed to collect hind milk
preferentially. The mean energy content
was then calculated and found to be 73kcal
/100mL (range 65-81).9

However the sodium levels of breast 
milk are insufficient to match the high
requirements of the preterm infants. In
addition all preterm infants on human
milk will need water and fat soluble vitamin
supple-ments – vitamin D and vitamin A
are particularly important. Regarding the
trace elements, there is some evidence that
additional iodine and zinc may need to be
supplied. 

Preterm infants fed human milk will
need an additional source of iron by 6-8
weeks or doubling of their birth weight,
whichever is first. Most human milk
fortifiers do not contain iron so a separate
supplement is needed. 

Calcium and phosphorus are not present
in adequate levels to support a desirable
accretion rate for preterm infants (FIGURE

2). NB Bone disease can be avoided with-
out mimicking exactly in utero provision of
minerals. Although eventually both minerals
are needed, a phosphorus supplement
alone early on before fortification may help
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1. Human milk remains the first choice of

enteral feed for the preterm infant.
2. For the smallest infants, protein levels

can become limiting for growth and
this may be best rectified by the use of
a breast milk fortifier.

3. Assessment of each individual infant is
necessary to inform when fortification
should occur.

4. Written protocols for management
should be devised to ensure safe use of
fortifiers at the appropriate time.

Thin fat layer – partially
emptied breast?

Thick fat layer – fully
emptied breast?

FIGURE 1  Variability in expressed breast milk
fat content.
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prevent calciuria10 and improve bone
health (TABLE 1).11 Additional calcium will
be needed eventually, however, most
infants will go on to have their mothers’
milk fortified with a breast milk fortifier
containing calcium by this time. 

For those babies receiving mother’s own
milk from an early stage, levels of protein
should be sufficient for theoretical needs
during the first 2-3 weeks.12 After this time
inadequate protein intake due to declining
breast milk content may lead to poor
growth (FIGURE 3).13 There is a strong
correlation between protein intake and
weight gain up to a maximum of 3g
protein/kg and with energy intake up to
120kcal/kg.13

Protein is one of the most challenging
nutrients to evaluate as levels are so variable
in human milk. The concentration of
protein depends on many factors including
the length of gestation, the volume of milk
expressed and the time postpartum. Various
methods have been used to decide when
additional protein is given, including
analysis of milk protein levels, empirical
addition of protein and using a surrogate
for assessing protein nutrition.

Analysis of human milk protein
The preferred option would be to add
protein to complement mother’s milk, after
analysis of its nutritional composition

during various stages of lactation14-15.
However growth benefits have been small,
the process is still too cumbersome for
clinical use, and awaiting results may delay
giving a baby fresh milk.

Empirical addition of protein
Some units partially replace human milk
with preterm formula once a set volume is
reached. This can improve formula fat
absorption, possibly via the effect of
human bile salt stimulated lipase on
formula fat digestion16. However, there are
also many disadvantages, for example the
risk of sepsis may become the same as that
for formula fed babies if human milk
provides less than 50mL/kg of the babies’
intake17. It has also been shown that
addition of formula to human milk leads
to significant decreases in lysozyme18 and
TGF alpha19, which may reduce its
antimicrobial properties. Finally the
mother may feel undermined because the
provision of her milk is seen as less crucial
– this may then lead to a reduction in the
volume she manages to express.

Another practice in some centres is to
start fortification (including protein) once
the infant reaches a set volume of milk
irrespective of clinical assessment of the
infant; 100mL/kg being most often quoted
in individual studies and national
recommendations20. 

The drawbacks of substituting human
milk with formula, and early fortification
(see precautions below), coupled with the
fact that additional protein is not usually
nutritionally necessary in the first 2-3
weeks of feeding high protein preterm
breast milk (FIGURE 3), suggest that an
alternative approach should be considered.

Using a surrogate for assessing 
protein nutrition

If there is a decline in serum urea during

the first few weeks postnatally eventually
dropping <1.6mmol/L there is a good
chance that an infant’s protein intake is
<3g/kg/day21,22; although this is not always
the case. Subsequently, during recovery in
well growing infants, a serum urea
<2mmol/L is probably a sign of protein
economy similar to the low serum amino
acid levels seen in term infants in similar
circumstances23. 

The relationship between protein intake
and serum urea has been described in
infancy24 but other studies suggest that this
indicator of protein adequacy needs to be
interpreted carefully. In preterm infants
<31/40, depression of serum urea may
occur independently of protein intake due
to immaturity of the urea synthetic
pathway up until day 2125. For this reason
fortification may not be clinically indicated
in infants <1500g body weight in the first
2-3 weeks of receiving their mother’s own
milk, even if the serum urea is below
1.6mmol/L. 

Prevention of prolonged poor weight
gain due to inadequate protein is the
primary aim, thus fortification is
recommended when serial measurements
show a steady decline, but before serum
urea drops <1.6mmol/L. In the absence of
any other obvious influential factors eg
dehydration, impaired renal function, and
steroid administration, it is probably useful
to aim to keep the serum urea between
2-8mmol/L24. 

Single versus multinutrient
fortification
If each nutrient was added separately (eg.
protein, phosphorus, calcium, sodium,
trace elements and vitamins) there is an
increased risk of dose error, milk
contamination, and unacceptably high
osmolality (>460mosm/L). In addition it
may not be an economical use of nursing
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FIGURE 2  Calcium and phosphorus in breast milk fed preterm infants. FIGURE 3  Decline in expressed human milk protein, adapted from
references 12 and 45.

TABLE 1  Mineral requirements of preterm
infants.

Calcium Phosphorus
(mmol/kg) (mmol/kg)

Maximum absorbed 
from milk 1.0 0.9

Protoplasmic 
requirements Minimal 0.6

Used for bone 
formation 0.5 0.3

Excreted in urine 0.5 0
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and medical time. A discussion of this
problem in the literature suggests that
fortification with a commercial
multinutrient product, while not ideal, is
probably the most practical route at the
present26. However, this method can be
enhanced by close monitoring of serum
biochemistry (urea, sodium, calcium,
phosphorus and alkaline phosphatase). 
A systematic review has looked at studies
in this area and concluded that there are
short term growth benefits, but insufficient
evidence to comment on long term
outcome following multinutrient
fortification27.

Fortification may not be needed when
human milk makes up <50% of the total
volume and the rest is preterm formula28,
although individuals making catch-up
growth may continue to benefit. Most
fortifiers do not contain iron, so this
should continue to be given as a separate
supplement.

Outcome of feeding fortified milk
Primary outcomes are to preserve any
benefits of human milk, and where possible
optimise nutritional status and in the
medium to long term, optimise growth. 

A significant problem with tolerance of
fortified breast milk has not been
reported29. In some studies there has been
found to be poorer fat absorption with
fortified compared to unfortified milk30.
This appeared to be associated with the
high calcium content of the particular
fortifier used, which led to the formation
of insoluble soaps, which were then not
absorbed. This is supported by the
observation that fortifiers containing less
calcium allow higher fat absorption31-32. 

Recent studies have shown no significant
difference in growth between infants given
multinutrient fortified human milk or
milk supplemented with minerals alone33.
However, infants fed human milk
supplemented with minerals alone received
a larger volume and therefore more protein
per kg precluding direct comparison of the
groups. In contrast, in a study by Lucas et
al28, infants showed improved growth when
the fortified milk provided over 50% of the
enteral intake. 

Other studies have shown poorer weight
gain, but equivalent length and head
growth in infants fed human milk with
fortifier compared to preterm formula34

(measured in short term only – to hospital
discharge)35-36. However all the follow-up
data shows that these infants catch up

during infancy37. Bone mineralization has
been shown to be equivalent in infants fed
fortified human milk compared to preterm
formula38. A systematic review of protein
supplementation concluded that there is
increased short term growth (weight,
length and head circumference) but that
there are insufficient data to indicate long
term effects39.

Precautions
Storage of fortified milk reduces the
effectiveness of some anti-infective
components18,40. After 24 hours bacterial
growth was significantly higher in fortified
compared to unfortified milk41 despite the
fact that both were refrigerated. In the
same paper fortified milk stored for 4
hours at ambient temperature led to a
significant increase in bacterial count. Thus
fortifier should be added to the minimum
amount of milk feasible as close as possible
to the time of feeding.

Addition of iron to human milk has been
shown to decrease its antibacterial
properties, as has fortifier containing iron42.

Prolonged storage of fortified milk may
also lead to an increase in osmolality to an
unacceptably high level43,44. Avoidance of an
osmolality >460mosm/kg has been advo-
cated to reduce risk of NEC. Osmolality
probably increases due to hydrolysis of
fortifier dextrans by human milk amylase43. 

Addition of a fortifier to early high-
protein breast milk, could lead to excessive
protein intakes for some preterm infants,
providing intakes well above their needs.
For example some milk may contain up to
4g protein/100mL12 (FIGURE 3) in which

case fortification will increase protein
content to approx 5g protein/100mL. A
summary of 21 separate studies by Tsang et
al shows that intakes >4g/kg were not
associated with improved growth45. Not
only will these levels of protein intake be of
no advantage but there are potential risks –
hyperaminoacidaemia, which has been
associated with developmental delay,46,47

and poor oral feeding with lethargy48. An
early study found that babies taking >8g
protein/kg had poorer weight gain than
those fed between 3-8 g/kg. This poor
growth persisted post discharge suggestive
of programming22. These data are from
studies of formula fed infants, however
until the outcome of feeding human milk
fed infants protein above requirements is
known they must serve as a warning that
this practice could carry risks in preterm
babies.

When an infant is fed a mixture of
human milk and formula great care should
be taken to ensure that the fortifier is
added only to the human milk. Accidental
addition to formula may increase the risk
of gastrointestinal calcium bolus
obstruction which is a high risk in infants
fed milks containing >4mmol
calcium/100mL49. In addition, with
continuous feeding it is vital to ensure
complete mixing of powdered fortifiers, as
there can be poor delivery of many
minerals50. The ultimate aim is to facilitate
exclusive breast feeding, so as a baby nears
discharge, fortification will need to be
reduced as more feeds occur at the breast
(FIGURE 4). Multivitamin (particularly
vitamin D) and iron supplements will be

FIGURE 4 Breastfeeding the preterm infants. Photo courtesy of N. Wight MD, IBCLC,
Neonatologist Sharp Mary Birch Hospital for Women and Children California.



needed once fortification stops.
A recent concern has been raised about

the safety of powdered formulas for
vulnerable infants due to the risk of
microbial contamination, thus it may be
wise to use a powdered fortifier which is
packaged to ensure sterility.51

Summary 
Fortification of human milk should be
considered with caution, and to minimise
any potential risks, carried out within the
context of a written protocol. It should not
be a blanket procedure but started after
clinical evaluation of each infant. Along
with growth, safety should be a priority
when considering this intervention.
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