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Long-chain polyunsaturated fatty acids (LCPUFAs) are of nutritional interest because they are crucial for normal de-
velopment of the central nervous system and have potential long-lasting effects that extend beyond the period of
dietary insufficiency. Here we review the recent literature and current recommendations regarding LCPUFAs as
they pertain to preterm infant nutrition. In particular, findings that relate to fetal accretion, LCPUFA absorption
and metabolism, effects on development, and current practices and recommendations have been used to update
recommendations for health care providers.
The amounts of long-chain polyunsaturated fatty acids (LCPUFAs) used in early studies were chosen to produce

the same concentrations as in term breast milk. This might not be a wise approach for preterm infants, however,
particularly for very and extremely preterm infants, whose requirements for LCPUFAs and other nutrients exceed
what is normally provided in the small volumes that they are able to tolerate. Recent studies have reported outcome
data in preterm infants fed milk with a docosahexaenoic acid (DHA) content 2-3 times higher than the current con-
centration in infant formulas. Overall, these studies show that providing larger amounts of DHA supplements, es-
pecially to the smallest infants, is associated with better neurologic outcomes in early life. We emphasize that
current nutritional management might not provide sufficient amounts of preformed DHA during the parenteral
and enteral nutrition periods and in very preterm/very low birth weight infants until their due date, and that greater
amounts than used routinely likely will be needed to compensate for intestinal malabsorption, DHA oxidation, and
early deficit. Research should continue to address the gaps in knowledge and further refine adequate intake for
each group of preterm infants. (J Pediatr 2013;162:S37-47).

P
reterm infants are particularly susceptible to postnatal growth failure and nutrient deficiencies. Dietary lipids provide
preterm infants withmost of their energy needs. Recent interest has focused on the quality of dietary lipid supply early in
life as a major determinant of growth, infant development, and long-term health. In this regard, LCPUFAs are of con-

cern because they are crucial for normal development of the central nervous system development and have the potential for
long-lasting effects extending beyond the period of dietary insufficiency.1 Furthermore, LCPUFAs also have potentially signif-
icant modulatory effects on developmental processes that affect short-term and long-term health outcomes related to growth,
body composition, immune and allergic responses, and the prevalence of nutrition-related chronic diseases.1

Recommendations for intake of total fat, essential fatty acids (EFAs), and medium-chain triglycerides (MCTs) have not var-
ied over the last decade, and to our knowledge, there are no new data that would cause us to modify the current recommen-
dations.1 This is not to say that there have been no new developments in the area of LCPUFAs. Consequently, the aim of this
article is to review the recent literature and current recommendations regarding LCPUFAs as they pertain to preterm infant
nutrition. In particular, findings related to fetal accretion, LCPUFA absorption and metabolism, effects on development,
and current practices and recommendations are used to update recommendations for health care providers.
LCPUFA Fetal Accretion Rate
When data on intrauterine accretion are available, the amount of nutrient required to attain the mean rate of accretion can be
used to estimate the minimum nutrient requirement for preterm infants. When there are adequate bioavailability data on the
relative absorption of a nutrient from human milk or infant formulas and on oxidation rate and/or losses, a recommendation
can be made regarding the minimum amount for absorption that will result in a net retention rate similar to the intrauterine

accretion rate.
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ALA a-linolenic acid

ARA Arachidonic acid

DHA Docosahexaenoic acid

EFA Essential fatty acid

EPA Eicosapentaenoic acid

LA Linoleic acid

LCPUFA Long-chain polyunsaturated fatty acid

MCT Medium-chain triglyceride

MDI Mental Development Index
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Attention so far has focused mainly on DHA accumulation
in the central nervous system. Whether the brain is protected
when availability of DHA is limited is not known, but the ease
with which fetal brain DHA is altered by maternal dietary n-3
fatty acid intake suggests that the membrane lipid composi-
tion of the fetal brain is sensitive to changes in DHA supply.2

Because most LCPUFAs accumulate in white adipose tissue
and, to a lesser extent, in lean mass and the liver,3 it is impor-
tant to consider the accumulation of DHA and other LCPU-
FAs in all relevant organs.

Analyses of fetal autopsy tissue yielded the following esti-
mates of intrauterine accretion of LCPUFAs during the last
trimester: 106 mg/kg/day for linoleic acid (LA), 4 mg/kg/
day for a-linolenic acid (ALA), 212 mg/kg/day for arachi-
donic acid (ARA), and 43 mg/kg/day for DHA.3 It is likely
that the accumulation of LCPUFAs is not linear over time
during the last trimester of gestation. Thus, using these num-
bers to calculate an average daily rate of fatty acid accumula-
tion will overestimate or underestimate tissue requirements
during specific periods of growth. A more precise estimate
of the fetal accretion rate cannot be determined until more
data become available.

The placenta selectively favors the transfer of DHA over
other fatty acids, including ARA, during the last trimester
of pregnancy.4 It is generally thought that the fetus does
not synthesize LCPUFAs from their precursors at rates suffi-
cient to support an adequate DHA accretion rate. However,
evidence from stable isotope studies in preterm infants sug-
gests that ARA and DHA synthesis occurs to some degree
at an age when the infant would normally be dependent on
placental transfer.5 Tracer studies indicate that the rate of
ARA synthesis is significantly greater than the rate of DHA
synthesis, suggesting that the fetus has a greater ability to reg-
ulate ARA supply by de novo synthesis or placental reuptake
compared with DHA supply.4 Overall, these data suggest that
exogenous supply of DHA may be more critical than that of
ARA during the perinatal period.

LCPUFA Absorption and Metabolism

The fetus does not accumulate appreciable amounts of fat
until the last trimester of gestation. Thus, postnatally, adipose
tissue cannot be a significant source of LCPUFAs for brain
growth of preterm infants as it is for term infants. The LCPU-
FAs used for organ growth, including brain growth, depend
on the amount of LCPUFAs supplied exogenously, intestinal
absorption of LCPUFAs, and, finally the capacity to synthe-
size and oxidize LCPUFAs.

Digestion and Absorption of LCPUFAs. Mechanisms
of fat absorption and digestion have been reviewed exten-
sively elsewhere.1 MCTs and structured lipids (eg, synthetic
b-palmitate) do not fall within the scope of this review,
even though they may affect LCPUFA absorption and im-
prove overall fat absorption. Human milk fat is provided in
the form of a milk fat globule and consists mainly of triacyl-
glycerols (98%), phospholipids (1%), and cholesterol and
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cholesterol esters (0.5%). In breast milk, LCPUFAs are
mainly triacylglycerols esterified at the sn-2 and sn-3 posi-
tions and can be part of the phospholipid fraction.6 Human
milk contains bile salt-stimulated lipase and palmitic acid in
the b position of the triglyceride molecule. These unique
components increase the bioavailability of human milk fat
by improving absorption and digestion. However, human
milk for preterm infants is often pasteurized to suppress viral
and bacterial activity. Heat inactivates bile salt–stimulated
lipase and changes the structure of the milk fat globule. These
actions may be the reason why feeding pasteurized milk is
associated with a 30% reduction in fat absorption and growth
rate.7 Fortification of human milk, particularly with calcium,
may further impair LCPUFA absorption. Overall, only 70%-
80% of ARA and DHA from pasteurized breast milk is
absorbed by very preterm infants (Table I).
The recombinant form of human bile salt–stimulated

lipase significantly increases DHA and ARA absorption
when added to pasteurized human milk.8 This approach
can be potentially beneficial, but the safety, efficacy, and
cost-effectiveness of using recombinant human bile salt–
stimulated lipase as an additive must be fully characterized
before routine use can be recommended.
LCPUFAs from fish oils or from single-cell algae are added

as triacylglycerols to the fat blend of preterm formulas. DHA
in algal oils has a weak positional specificity and contains
equal amounts of DHA in the sn-1, sn-2, and sn-3 positions,
unlike the DHA triacylglycerols present in breast milk. These
chemical differences may reduce absorption of DHA derived
from algal sources. Although fish oil provides DHA with
a bond located in the sn-2 position, it also contains eicosa-
pentaenoic acid (EPA), which has not yet been proven safe
in preterm infants (Table I).
Phospholipids are not a common source of LCPUFAs in

preterm formulas.9,10 However, it can be speculated that
DHA derived from phospholipids offers potential advantages
because it: (1) is one of the forms found naturally in human
milk; (2) provides ARA and other LCPUFAs; and (3) may be
one way to promote brain DHA uptake.11

LCPUFA Metabolism by Preterm Infants. Studies
using LCPUFA precursors labeled with stable isotopes have
demonstrated that LCPUFA synthesis occurs even in small
preterm infants.1 Using the novel “stable isotope natural
abundance” approach, the estimated mean endogenous
synthesis of ARA was reported as 27 mg/kg/day at 1 month
and 12 mg/kg/day at 7 months, and that of DHA was
13 mg/kg/day at 1 month and 2 mg/kg/day at 7 months.12

Thus, endogenously synthesized LCPUFAs are insufficient
to meet requirements defined by the fetal accretion rate.
Whether conversion in human milk-fed preterm infants is
similar to that in formula-fed preterm infants, or whether
conversion is affected by the supply of dietary EFAs or LCPU-
FAs, remains to be established.
Recent studies in adult populations have suggested that

variability in biochemical and functional central nervous sys-
tem responses to changes in diet are explained in part by
Lapillonne et al



Table I. Comparison of intestinal absorption of fatty acids among formulas

Study I* Study II†

Preterm breast milk Standard PTF1 PL PTF TG-MO PTF Fortified preterm breast milk Standard PTF2 TG-FO PTF

Intestinal absorption
(fatty acids, %)

18:2n-6 88.1 � 3.0 69.7 � 0.3 91.3 �1.7 68.9 � 4.0 83.5 � 13 97.8 � 1.6 95.9 � 3.0
20:4n-6 81.1 � 3.6 NA 84.7 � 1.7 80.4 � 2.3 76.6 � 12 NA 75.9 � 10.2
18:3n-3 90.3 � 2.6 88.5 � 1.5 94.4 � 1.1 90.5 � 1.6 85.3 � 12 98.2 � 1.3 96.7 � 2.7
20:5n-3 57.0 � 6.9 NA 64.3 � 9.5 NA 81.0 � 25 NA 92.5 � 3.3
22:6n-3 78.4 � 4.0 NA 88.3 � 1.8 80.4 � 2.3 76.9 � 18 NA 94.8 � 4.2

Metabolizable intake (fatty
acids, mg/kg/day)

18:2n-6 608 � 61 585 � 29 601 � 13 575 � 38 453 � 231 906 � 213 878 � 152
20:4n-6 26.0 � 2.1 NA 16.4 � 0.4 40.0 � 1.4 20.1 � 6 NA 1.7 � 0.2
18:3n-3 35.2 � 3.8 64.5 � 1.2 51.0 � 0.8 64.7 � 1.8 29.9 � 9.0 80.9 � 18.0 54.2 � 6.9
20:5n-3 2.7 � 1.0 NA 1.4 � 0.4 NA 10.0 � 10.0 NA 4.6 � 1.0
22:6n-3 14.1 � 1.2 NA 12.0 � 0.3 30.6 � 1.1 15.9 � 7.0 NA 18.2 � 3.7

NA, not applicable; PTF, preterm formula; PL, LCPUFAs from phospholipids; TG-MO PTF, triacylglycerols from microorganisms; TG-FO PTF, triacyglycerols from fish oil.
Shown are intestinal absorption of fatty acids and metabolizable intake of fatty acids at age�4 weeks in preterm infants fed exclusively unfortified (study I) or fortified (study II) preterm breast milk,
standard preterm formula with no LCPUFAs added (standard PTF1; standard PTF2), preterm formula with LCPUFA TG-MO PTF or from TG-FO PTF, or preterm formula with LCPUFA phospholipids
from egg yolk (PL PTF).
*Study I: data from Carnielli et al.9

†Study II: balance study performed in a subset of 15 preterm infants from Lapillonne et al53; postnatal age�4 weeks, no significant difference among groups for postnatal age, corrected age, and
weight at time of the balance study (Picaud JC et al, unpublished data 2012).
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single nucleotide polymorphisms in genes responsible for
EFA desaturation. This finding adds complexity to defining
LCPUFA requirements and establishing the extent of the
effect of the intake other nutrients (eg, LCPUFA precursors,
n-3/n-6 fatty acid ratio) that affect endogenous LCPUFA syn-
thesis.13 These findings explain much of the variance in ARA
blood levels, but no association between polymorphism desa-
turase and DHA levels has yet been identified, suggesting
a stronger role for the influence of diet on DHA levels.14,15

To our knowledge, there is no similar evidence for preterm
infants; however, because the conversion of EFA to LCPUFAs
is highly variable, it is likely that the single nucleotide poly-
morphisms that play a regulatory role in LCPUFA formation
may exist in preterm infants as well. In support of this con-
cept, a large interindividual variability in the rate of conver-
sion of EFAs to LCPUFAs has been measured in stable
isotope studies of infants.16,17

The final step in the synthesis of DHA is considerably
more complex than that for ARA. DHA synthesis requires
enzymes present in peroxisomes and the endoplasmic retic-
ulum, along with the coordinated movement of fatty acids
between these two organelles. A recent study of infants
born at term found that, compared with dietary EPA, con-
version of EPA to DHA is twice as efficient when EPA is
formed from dietary ALA.16 Even though conversion of
EPA to DHA is less efficient with EPA from the diet com-
pared with EPA formed from ALA, EPA is present in the
human milk and relatively well absorbed (Table I). Thus,
when estimating ingested “DHA equivalents”, it may be
appropriate to include approximately 45% of dietary EPA
in the calculation.16

None of the estimated retention figures reported to date
have taken into account DHA oxidation and endogenous
biosynthesis. Present evidence suggests that DHA oxidation
may occur in adults as well as in preterm infants. Significant
Lipid Needs of Preterm Infants: Updated Recommendations
b-oxidization of DHA in adults was reported recently.18 In
addition, DHA in plasma phospholipids is decreased in pre-
term infants who receive 42 mg/kg/day of DHA (ie, a dose
similar to the theoretical fetal accretion rate) through a lipid
emulsion containing fish oil, suggesting that DHA oxidation
may be significant.19 Furthermore, some DHA oxidation
likely occurs in preterm infants, when energy intake does
not meet requirements, but the magnitude cannot be esti-
mated based on the available data.

Effects of LCPUFAs Supplementation in
Preterm Infants

Possible effects of LCPUFA supplementation include im-
proving neurologic and visual development. These effects
are numerous and significant enough to serve in defining
the need for and dosage of LCPUFAs for preterm infants.
In contrast, effects on modulation of immune function in
preterm infants are too scarce to add sufficient information
for estimating requirements.

Data from Experimental Studies. LCPUFAs, particu-
larly DHA, play important roles in central nervous system
development. Complex neural functions affected by the com-
position of dietary fatty acid supply include neurogenesis,
photoreceptor differentiation, activation of the visual
pigment rhodopsin, protection from oxidative stress, synap-
togenesis, activities of multiple enzymes, function of ion
channels, neurotransmitter concentrations, and eicosanoid
metabolism.20 In rodents and nonhuman primates, poor
accumulation of retinal and brain DHA leads to abnormal
retinal physiology, poor visual acuity, increased duration of
visual fixation, and increased stereotyped behaviors and loco-
motor activity.21 The evidence most relevant to the issue of
causality showed that control performance levels were
S39



THE JOURNAL OF PEDIATRICS � www.jpeds.com Vol. 162, No. 3, Suppl. 1
restored when DHA was added to the diets of animals with
severely reduced brain DHA concentrations.21 Nevertheless,
the magnitude of these effects is not large, despite the fact
that the studies were conducted under profound dietary re-
striction. The relevance of these findings to human develop-
ment is unclear.

Supplementation with Standard Doses of LCPUFAs.
The effects of LCPUFAs on the developing brain have been
reported extensively,22-27 and are not reviewed here. Overall,
studies in preterm humans indicate possible benefits for ret-
inal and cognitive development, as suggested by greater sen-
sitivity to light on electroretinography, more mature visual
acuity, and short-term effects on global developmental out-
comes at 6-18 months after DHA supplementation of pre-
term infant formula. The effects in term infants are weaker
but supported by sufficient data to merit consideration of
enriching term formulas with LCPUFAs.28,29

Interestingly, two recent meta-analyses concluded that
the available randomized controlled trials do not show
clear benefits of formula supplementation with LCPUFA
on neurodevelopment in preterm infants.24,30 This finding
is somewhat surprising, given that many studies have
suggested that LCPUFAs play an important role in develop-
ment. Several factors may explain these apparent discrep-
ancies, as reviewed previously.3 In brief, meta-analyses are
designed a priori to classify results as positive or negative
relative to a defined clinical issue of interest. In other
words, a treatment is deemed either to work and be recom-
mended or to not work and thus not be recommended.

This approach yields the most useful information when
a given treatment is well defined. With regard to randomized
controlled trials designed to assess the effects of DHA enrich-
ment in preterm formulas, there obviously is extreme vari-
ability in study design. The assessment schedule and
methodology, dose and source of fatty acid supplementation,
and composition of the control formula vary considerably
among studies.

Other potential explanations for the difficulty in demon-
strating clinical benefits of LCPUFA supplementation in pre-
term formulas by meta-analysis include variations in study
endpoints, selection of relatively mature and healthy preterm
infants, timing of the DHA deficit as well as DHA provision,
genetic background, maternal DHA status, single versus mul-
tiple pregnancy, in utero growth and maturation, and the
ability of preterm infants to synthesize DHA from ALA or
EPA. It has been shown that the “DHA equivalent,” which
depends on the rate of conversion and amount of EFA in
the diet, has a greater impact than DHA intake on the mag-
nitude of visual acuity response at age 4 months.23 Clearly,
the magnitude of these factors in modulating DHA status
and development in preterm infants is not known and war-
rants further research.

With regard to safety, adding LCPUFA to preterm for-
mulas has no significant effect on the relative risks of sep-
sis, necrotizing enterocolitis, retinopathy of prematurity,
intraventricular hemorrhage, or bronchopulmonary dys-
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plasia.24,30 It has been 15 years since a fish oil–enriched
formula was first shown to reduce growth in preterm in-
fants. Since that time, very little new information has be-
come available to confirm or refute the finding that high
n-3 and low n-6 LCPUFA intake reduces growth in very
low birth weight infants.24 However, it is likely that in
this specific group of infants, the balance between n-3
and n-6 LCPUFAs is critical for growth, and it is prudent
to minimize the decline of ARA status, which has been
associated with reduced growth. Supplementation with
n-3 and n-6 LCPUFAs has been shown to be safe and
possibly even beneficial in preterm infants when
growth24,31 and body composition32 are used as the safety
parameters.

Supplementation with High Dosages of LCPUFAs.
The dosages of LCPUFAs used in early studies were chosen
to produce the same concentrations of ARA and DHA in for-
mula as seen in term breast milk. This might not be a wise
approach for preterm infants, particularly for very and ex-
tremely preterm infants, whose requirements for LCPUFAs
and other nutrients exceed what is normally provided in
the small volumes that they are able to tolerate during the
first days or weeks of life. Because the amount of DHA pro-
vided by ingesting breast milk is well below the in utero accre-
tion rate, providing DHA at a dose higher than that of term
human milk might better fulfill requirements and confer
health benefits. Three studies report outcome data in preterm
infants fed milk with a DHA content exceeding 0.2%-0.4%
fatty acids, which are the levels most widely used in previous
studies33-37 (Table II).
One study examining the effect of providing DHA supple-

mentation (0.5% of total fatty acids) for up to 9 months after
term reported that DHA improved growth in the entire co-
hort of preterm infants and improved mental development
in boys.33 It should be noted that g-linoleic acid, not ARA,
was the n-6 PUFA source in the supplement used in that
study.
In another study, the objective was to evaluate effects on

neurologic development of supplementing human milk
with oils (DSM, Heerlen, The Netherlands) that provided
an extra 32 mg of DHA and ARA per day.34 This interven-
tion started 1 week after birth and continued until hospital
discharge. Interestingly, DHA content of the control hu-
man milk was high (0.7% total fatty acids), probably re-
lated to the high fish consumption of the mothers.
Combined with the LCPUFAs in human milk, infants re-
ceived 59 mg/kg/day of DHA and 48 mg/kg/day of ARA.
At the 6-month follow-up evaluation, the intervention
group performed better than the control group in the
problem-solving subscore of the Ages and Stages Question-
naire. An electrophysiological assessment of event-related
potentials revealed that infants in the intervention group
also had significantly lower responses to a standard image,
indicating better recognition memory. At 20 months post-
natal age, no differences in the mental and motor develop-
ment scores of the Ages and Stages Questionnaire or in the
Lapillonne et al



Table II. Visual acuity and development outcome results with DHA supplementation in preterm infants

Reference Site
Age,
weeks n Groups Duration Age Outcomes

Fewtrell et al (2004)33 United
Kingdom

25-34 238 DHA 0.5% + g-LA versus
no LCPUFAs

Up to 9
months CA

18 months CA No overall difference in Bayley
MDI and Psychomotor
Development Index; higher
Bayley MDI in boys

Smithers et al (2008)30 Australia 27-31 657 DHA 1% versus DHA 0.30%
(no difference in ARA)

Days 2-5 until
due date

2 and 4
months CA

No difference in visual acuity
at 2 months; higher visual
acuity at 4 months

Makrides et al (2009)35 18 months CA No overall difference in Bayley
MDI and Psychomotor
Development Index; fewer
severe mental delay; higher
MDI in girls; higher MDI
(unadjusted analysis only)
and fewer mild mental delay
in infants with birth weight
<1250 g

Smithers et al (2010)39 26 months CA;
3-5 years CA

No difference in language
development; no difference
in behavior

Henricksen et al (2010)34 Norway 141 DHA 59 mg/kg/day + ARA
45 mg/kg/day versus
DHA 32 mg/kg/day + ARA
22 mg/kg/day

1 week until
discharge

6 months CA Higher problem solving subscore
at the ages and stages
questionnaire; better
recognition memory at the
event-related potential test

Westerberg et al (2011)38 20 months
postnatal age

No difference in Bayley MDI, but
significant correlation between
plasma DHA concentration
at discharge and MDI; better
attention capacity at the
free-play session test

CA, corrected age.
Shown are results of visual acuity and development outcome assessments of randomized controlled trials using DHA supplementation in preterm infants at a dose exceeding 0.4% of total fatty
acids. DHA and ARA are expressed as % total fatty acids.
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Mental Development Index (MDI) score of the Bayley
Scales of Infant Development38 were observed; however,
plasma DHA concentration at discharge was positively cor-
related with Bayley MDI score. The intervention group had
better results at 20 months in the free-play sessions, sug-
gesting positive effects from supplementation on functions
related to attention. Furthermore, plasma DHA concentra-
tion at discharge was positively correlated with “sustained
attention.”38

The third study was designed to compare the effects of
a high versus a standard DHA intake (ie, 1% vs 0.35% total
fatty acids as DHA) with ARA intake kept constant. This
study included breastfed and formula-fed infants. Mothers
who provided breast milk took capsules containing 3 g of ei-
ther tuna oil (900 mg DHA) or soy oil (no DHA), resulting
in milk with either high or standard DHA content. A for-
mula with matching high versus standard DHA concentra-
tions was used for infants who required supplementary
feeds. The feeding regimen was started between days 2 and
5 after birth and maintained until expected term. All infants
received a standard term formula with DHA after the ex-
pected term. Visual acuity was significantly improved at 4
months corrected age in the high-DHA group.37 At 18
months there were no overall differences in the MDI or
the Bayley Psychomotor Developmental Index, but fewer in-
fants had an MDI score <70.35 Infants who weighed <1250 g
Lipid Needs of Preterm Infants: Updated Recommendations
and were fed the high-DHA diet had a higher MDI score
than controls (mean difference, 4.6; 95% CI, 0.1-9.0; P <
.05), but the difference was not significant when gestational
age at delivery, sex, maternal education, and birth order
were taken into account. Girls fed a high-DHA diet had
higher MDI scores and were less likely to have mild or sig-
nificant developmental delay than control girls. This effect
was not seen in boys. Finally, the early advantage in visual
and cognitive functions did not translate into any clinically
meaningful change in language development or behavior
when assessed in early childhood.39

Giving very low birth weight infants larger doses of DHA
appears to be safe and may provide further health benefits
for functions beyond development. One trial found a reduced
incidence of oxygen treatment at 36 weeks in the high-DHA
group compared with the standard-DHA group,35 which can
be interpreted as a short-term benefit of high DHA doses.
Overall, the studies published to date indicate that greater

DHA supplementation is associated with better neurologic
outcomes. One study suggested that the smallest infants,
which are the most vulnerable to DHA deficiency, are those
the most likely to reap the greatest benefit from high-dose
supplementation.35 The observation that a nonsignificant
difference in mean MDI translates to fewer infants with
a low MDI score suggests that low development score are
at least in part, due to early nutritional deficiencies.
S41
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Although DHA supplementation beyond discharge and/or
expected term is recommended,40 one of the trials did not use
such a strategy.35 This may explain, high-dose versus
standard-dose DHA supplementation failed to significantly
improve the development outcome of the whole cohort, par-
ticularly when the assessment was performed long after the
period of supplementation. It also should be noted that
none of the regimens studied prevented the early DHA deficit
due to parenteral nutrition.41 This early DHA deficit during
the parenteral nutrition phase may have contributed to the
impaired development at 18 months of age.

Assessment of Status and Current Practices

LCPUFA Composition: Human Milk
The fat and fatty acid content of human milk is known to be
highly variable. For example, fatty acid composition varies
among countries, from woman-to-woman, by duration of
gestation and stage of lactation, throughout the day, and dur-
ing a feeding. This variability may be of little significance for
a healthy term infant, but it presents more of a risk to the pre-
term infant, whose feedings are delivered artificially and con-
trolled by a medical team.

The fatty acid composition of human milk is known to
vary worldwide. Variability is greater for ALA and DHA
than for LA and ARA.42,43 The LA content of human milk
ranges from 7.9% in the Philippines to 17.8% in Chile,
a <2.5-fold difference. ALA has a 5-fold disparity, ranging
from 0.43% in the Philippines to 2% in China. The world-
wide mean (�SD) concentration of DHA in breast milk
(by weight) is 0.32% � 0.22% (range, 0.06%-1.4%), and
that of ARA is 0.47%� 0.13% (range, 0.24%-1%).44 Mothers
who live in coastal areas or on islands produce milk with the
highest DHA levels. Mothers who live away from the coast
and/or in developed countries consume fewer marine foods
and produce milk relatively low in DHA. Human milk re-
sponds to changes in the maternal diet, and LCPUFA supple-
mentation increases DHA concentration in milk.

Fatty acid composition of human milk varies by stage of
lactation and duration of gestation. Total fat, LA, and ALA
increase and DHA and ARA decrease as milk transitions
Table III. Composition of LCPUFA in milk from mothers of

Reference Site Age, weeks n

Smithers et al (2008)36 Australia <33 21
Clandinin et al (1997)54 Canada 28-34 25
Jacobs et al (1996)55 Netherlands 30-35 5
Carnielli et al (1998)9 Netherlands 27-33 20
Beijers and Schaafsma (1996)56 Netherlands 26-36 65

Bitman et al (1983)57 US 26-36 46
Luukkainen et al (1995)58 Finland 25-33 23
Genzel-Borovicz�eny et al (1997)59 Germany 24-33 19
Rueda et al (1998)60 Spain 33-36 6

Kov�acs et al (2005)61 Hungary 23-33 8
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from colostrum to mature milk. There are no important dif-
ferences between full-term and preterm human milk in terms
of total fat, most saturated and monounsaturated fatty acids,
or the EFAs LA and ALA.45 Preterm milk may contain
a slightly higher proportion of medium- and intermediate-
chain fatty acids than term milk, which may be advantageous
for fat and calcium absorption in preterm infants. Composi-
tional differences in LCPUFA levels between term and
preterm milk are of interest. As in full-term milk, con-
centrations of both DHA and ARA in preterm milk decrease
over the first 3-5 weeks of lactation. Some studies have re-
ported more ARA and/or DHA in preterm milk than in
full-term milk, whereas other studies have reported the op-
posite.45 In terms of percent contribution to total fatty acids,
however, DHA is often higher in preterm milk than in full-
term milk.45

The reported ranges of DHA and ARA values in preterm
human milk are summarized in Table III. Based on the
values presented in Table III, the estimated mean (�SD)
concentration of DHA in preterm human milk (by weight)
is 0.33% � 0.10% (range, 0.22%-0.55%), and that of ARA
is 0.55% � 0.09% (range, 0.44%-0.69%). These values are
very similar to those reported in full-term human milk.44

Banked human milk may be fed to preterm infants when
their mothers’ ownmilk is unavailable or insufficient. The es-
timated mean fat content in banked human milk is 3.2 g/100
mL, somewhat lower than the generally accepted value for
mature human milk.46,47 This may be related to inadequate
emptying of the breast during pumping. The LCPUFA con-
tent of banked human milk appears to be similar to that of
mature milk. Pasteurization and storage of banked human
milk induces lipolysis, inactivates bile salt–stimulated lipase
and lipoprotein lipase, reduces fats, and increases the abso-
lute amount of free fatty acids in pooled samples. These ef-
fects alter the integrity of human milk and may contribute
to slower growth in preterm infants fed banked milk versus
their mothers’ own milk.7

LCPUFA Composition: Infant Formula Products
Commercial infant formulas marketed for preterm infants
vary in fat quantity and quality. Total fat ranges between
preterm infants

% total fatty acids

Sampling time point(s)DHA ARA

0.26 0.45 Pooled; 26-40 weeks
0.3 0.54 <42 days of life
0.4 0.6 Third week of life
0.26 0.48 28 days of life
0.32 0.49 Mean colostrum, 1 week; transitional,

2 weeks; mature, >2 weeks
0.22 0.56 42 days of life
0.4 0.44 Mean, 5 samplings over 3 months
0.32 0.59 Mean, 4 samplings over 1 month
0.55 0.69 Mean colostrum, 1 week; transitional,

2 weeks; mature, >2 weeks
0.27 0.66 Mean, 5 samplings over 3 weeks
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3.8 and 4.2 g/dL, provided by a combination of long-chain
triglycerides and MCTs. Up to 40%-50% of total fat may
come from MCTs. Preterm infant formula is routinely sup-
plemented with commercially available sources of LCPUFA,
so that the fatty acid composition resembles that of human
milk. Most of the LCPUFA oils added to infant formulas
are derived frommicroorganisms; however, some are derived
from a combination of low-EPA fish oil as a source of DHA
and oil from microorganisms as a source of ARA.

LCPUFA Intake from Infant Feedings
The estimatedDHA accretion rate is 45mg/kg/day during the
last trimester of gestation.3 Most contemporary intravenous
lipid emulsions provide little if any LCPUFAs. Human milk
and formulas designed for preterm infants contain DHA
andARA, but arguably in insufficient amounts to compensate
for an accumulated deficit. Consequently, preterm infants
who receive many weeks of parenteral nutrition followed by
human milk and/or commercial preterm formula may accu-
mulate a DHAdeficit of up to 50% of the normal rate.41Table
IV compares DHA and ARA intakes from selected enteral
feedings given to preterm infants. Assuming an average fat
content of 3.9 g fat/dL in human milk, milk with 0.2%-
0.4% fatty acids as DHA would provide a 1-kg preterm
infant fed at full enteral feeds of 180 mL/day with only 14-
28 mg DHA/kg/day, an amount clearly below the in utero
accretion rate of 45 mg/kg/day.

LCPUFA Status: Insights from Studies with High
Doses of DHA
The effect of milk DHA on preterm infant plasma or erythro-
cyte DHA depends largely on dose.36 Milk that contains
�0.8% DHA provides an intake of 45 mg/kg/day, assuming
a human milk fat content of 3.7% and a volume intake of
150 mL/kg/day. In the study by Smithers et al,36 milk DHA
content ranged from 0.2% to 1.25% of total fatty acids
(assumed to represent 11-67 mg/kg/day), and there was a di-
Table IV. Estimated LCPUFA intake at 120 kcal/kg/day from v

Total fat, g/100 mL

LCPUFA, % total fatty acids LCPUFA, mg

DHA ARA DHA

Human milk
Full-term 4.2z 0.32x 0.47x 13.4
Preterm 3.9z 0.33{ 0.55{ 12.9
Banked 3.2** 0.32†† 0.47†† 10.2
Fortified 4.4zz 0.33xx 0.55xx 12.9

Formula
Standard{{ 3.6 0.24 0.52 8.6
Preterm{{ 4.2 0.3 0.55 12.6

*Full-term, preterm, and banked human milk and standard formula assume 20 kcal/oz and 180 mL
†Intestinal absorption, 80%.9

zData from Lawrence (1995).62

xData from Brenna et al (2007).44

{See Table I.
**Data from Wojcik et al (2009).46

††Assuming fatty acid concentrations of full-term milk.63

zzAssuming the fat content of preterm milk62 plus 0.5 g fat/100 mL from non-LCPUFA-containing f
xxAssuming fatty acid concentrations of preterm milk.
{{Mean of preterm formula products available in the US.
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rect relationship between milk DHA content and erythrocyte
DHA content. At a milk DHA content of >0.8% of fatty acids
(�45 mg/kg/day), none of the infants had an erythrocyte
DHA concentration <6% at expected term, but at a milk
DHA content of 1% (�54 mg/kg/day), the erythrocyte
DHA concentration ranged between 6.5% and 9%, within
the range expected in term infants at birth.2,3 The DHA in-
take of the control infants (ie, 32 mg/kg/day) in the study
of Henriksen et al34 did not prevent a decline in plasma
DHA concentrations, confirming that intake below the fetal
accretion rate is inadequate to maintain normal DHA status
in preterm infants.34 In the intervention group of the same
study, preterm infants received 59 mg DHA/kg/day, which
increased plasma DHA concentration by 12% from the
time of study inclusion to hospital discharge. Assuming
a DHA intestinal absorption rate of 80%, DHA intake be-
tween�55 and 60 mg/kg/day provides DHA at a rate match-
ing the fetal accretion rate.
In terms of ARA intake, the aforementioned studies dif-

fered greatly. In one study, ARA supplementation was given
at a dose similar to that of DHA,34 whereas in another study
no ARA supplementation was given.36 Consequently,
changes in ARA status during the DHA supplementation
period differed between these studies. A dramatic decline
in ARA status was observed when milk ARA content was
�0.5% of total fatty acids36; in contrast, ARA status was sta-
ble when similar doses of ARA and DHA were used.34 Ad-
ditional studies are needed to determine the potential
effects of these changes on ARA status, but because no de-
crease in ARA status is observed during fetal life, such bio-
logical effects in preterm infants probably should be
avoided. Because the DHA:ARA ratio varies widely in
term milk44 and preterm milk,48 future research should fo-
cus on defining individual DHA and ARA needs rather than
an optimal DHA:ARA ratio.
Finally, the studies cited here provide clues on how to

increase LCPUFA intake in human milk-fed preterm
arious forms of humanmilk and preterm infant formulas*

/100 mL LCPUFA intake, mg/kg/day LCPUFA absorbed, mg/kg/day†

ARA DHA ARA DHA ARA

19.7 24.2 35.5 19 28
21.4 23.2 38.6 18 31
15.0 18.4 27.1 15 22
21.4 19.3 32.2 15 26

18.7 15.6 33.7 12 27
23.1 18.9 34.6 15 28

/kg/day; fortified and preterm formula assume 24 kcal/oz and 150 mL/kg/day.

ortifier
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infants. In one study, fish oil was given to lactating
mothers to increase the DHA content of their milk. Sup-
plementing mothers with the appropriate amount of tuna
oil increased human milk DHA concentrations to the de-
sired level with only a small increase in EPA and no
change in ARA levels.48 However, despite its physiological
basis, this strategy leads to large variations in the DHA
content of human milk, with values as low as 0.3% and
as high as 2.5% observed. Furthermore, this strategy
does not allow supplementation with both ARA and
DHA concomitantly. Adding DHA with or without ARA
directly into the feeding is likely to be the most reliable
technique for delivering adequate amounts of DHA to
preterm infants.

Previous LCPUFA Recommendations

Various regulatory bodies, professional organizations, and
expert panels have issued recommendations and consensus
statements on LCPUFA intake for preterm infants. These rec-
ommendations rely on the composition of human milk and
the results of decades of research related to LCPUFA intake
and blood and tissue levels, anthropometric parameters,
and visual and neurocognitive outcomes. Evidence supports
the superiority of human milk and the safety of supplement-
ing formulas with DHA and ARA in amounts similar to those
found in human milk.49

Table V summarizes Previous recommendations.
Interestingly, in 2002 the Expert Panel of the Life Sciences
Research Organization did not recognize a need for
LCPUFAs and did not recommend a minimum content of
ARA, DHA, or EPA for preterm infant formulas at that
time. Just 3 years later, Koletzko and Innis1 recognized the
Table V. Recommendations for enteral LCPUFA in preterm

Life Sciences Research
Organization, 2002* Koletzko and Innis, 2005†

LA (C18:3n-3)
% total energy - 3.2-12.8
mg/100 kcal 352-1425 352-1425
mg/kg/day - 600-1680
% total fatty acids 8-25 8-25

ALA (C18:2n-6)
% total energy - 0.7-2.1
mg/100 kcal 77-228 77-228
mg/kg/day - -
% total fatty acids 1.75-4 1.75-4

LA:ALA 6-16:1 6-16:1
ARA (C20:4n-6)

mg/100 kcal - -
mg/kg/day - -
% total fatty acids #0.6 0.3-0.7

DHA (C22:6n-3)
mg/100 kcal - -
mg/kg/day - -
% total fatty acids #0.35 0.2-0.5

ARA:DHA 1.5-2:1 1.2-2:1
EPA (C20:5n-3) #30% DHA #30% DHA

*Klein (2002).64

†Koletzko and Innis (2005).1

zAgostoni et al (2010).50
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“essentiality” of ARA and DHA and proposed a minimum
value for the requirements of preterm infants. More
recently, the European Society for Pediatric Gastro-
enterology, Hepatology, and Nutrition did not change the
recommendations, but rather expressed them as mg/kg/day
instead of percentage of total fatty acids.50

Updated Recommendations for LCPUFA
Intake in Preterm Infants

Breastfeeding
In agreement with other reports, we strongly endorse human
milk as the preferred food source for preterm infants.We em-
phasize, however, that fortifiers and supplements must be
used appropriately to meet the specific needs of preterm in-
fants, especially very preterm infants. The DHA content in
human milk is highly variable, mainly because of variations
of maternal diets. Nutritional counseling during the lactation
period is recommended to ensure optimal mother’s intake of
omega-3 fatty acids.

Fat, EFA, and MCT Intake
There are no new data since the recommendations of 2010 to
modify the recommendations for total fat intake, EFAs, and
MCTs for preterm infants.1

DHA
Given the limited and highly variable formation of DHA
from ALA, and the critical role of DHA in normal retinal
and brain development in humans, DHA should be consid-
ered conditionally essential during early development. Early
deprivation of DHA should be identified early and treated
aggressively, because it is not known definitively if
infants

European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition, 2010z Current

3.2-12.8 3.2-12.8
350-1400 350-1400
385-1540 385-1540

- -

$0.45 $0.45
$50 $50
$55 $55
$0.9 $0.9
5-15:1 5-15:1

16-39 -
18-42 18-45

- -

11-27 -
12-30 12-60

- -
1-2:1 -

#30% DHA #20 mg/kg/day
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a transient deficit can be compensated for with regard to
central nervous system growth and maturation. We empha-
size that current nutritional management does not provide
sufficient amounts of preformed DHA during the paren-
teral and enteral nutrition periods and in very preterm/
very low birth weight infants until the due date. Nutrient
recommendations should be expressed as absolute amount
per kg/day rather than as a proportion of total fatty acids,
because the latter applies only if full enteral feeding is
reached. The fetal accretion rate of DHA is approximately
45 mg/kg/day. Greater amounts may be needed to compen-
sate for intestinal malabsorption, DHA oxidation, and early
deficit. On the other hand, the amount of DHA that can be
synthesized endogenously by preterm infants is unclear.
DHA intakes of 55-60 mg/kg/day from the time of preterm
birth to expected term have been tested and appear to be
safe, to promote normal DHA status, and to improve vi-
sual and neurocognitive functions. These values are likely
to represent an adequate intake for very preterm infants,
but further research is needed to confirm that they repre-
sent adequate intake for all infant groups (ie, extremely,
very, and moderately preterm infants, with or without in-
trauterine growth restriction, and males and females). Be-
cause the maximum DHA content of human milk is
>1.5% of fatty acids (equivalent to 84 mg/kg/day),51 and
because no studies with such a high intake in preterm
infants have been reported, no upper limit can be set
with certainty.

ARA
Preformed ARA should be provided to ensure adequate ARA
levels during the period of DHA supplementation. Limited
data are available to define the necessary ARA dose with cer-
tainty. When a high dose of DHA is provided, 45 mg/kg/day
of ARA has been shown to support growth and normal ARA
status.

EPA
Limited data are available to identify whether there is any
benefit to including EPA in the diet of preterm infants.
Thus, we recommend an EPA intake not exceeding 20 mg/
kg/day, which is the mean + 1 SD amount of EPA provided
daily by human milk when fed at 180 ml/kg/day.48

Duration of Supplementation
The recommendations for DHA, ARA, and EPA specified
above should be continued until the infant reaches the
expected due date. After the expected due date, recommen-
dations for term infants should be applied.52 Research is
needed to examine whether LCPUFA supplementation after
the due date may provide additional benefits.

Gaps in Knowledge and Recommendations
for Future Research

Future research should consider short- and long-term ef-
fects of LCPUFA status of preterm infants before and after
Lipid Needs of Preterm Infants: Updated Recommendations
the due date according to interindividual differences, such
as genetic variations in fatty acid desaturase activities or
sex. Investigators are encouraged to address subgroups
that have specific needs and benefits, such as extremely
preterm infants and preterm infants with intrauterine
growth retardation, extrauterine growth retardation, bron-
chopulmonary dysplasia, or prolonged parenteral nutri-
tion. Supplementation studies should be designed to
examine growth, body composition, visual and cognitive
development, attention and behavioral disorders, and ef-
fects on immune outcomes and cardiovascular function.
Studies evaluating the effects of different amounts of
LCPUFAs and the specific effects of ARA supply, with suf-
ficient duration of intake, adequate sample sizes, and stan-
dardized methodology for outcome measurements,
warrant careful consideration. Future studies should evalu-
ate various DHA levels to define dose-response relation-
ships and elucidate potential immediate and long-term
benefits and safety issues. The most effective mode of de-
livering LCPUFAs (ie, through supplementation of the
mother, supplements mixed in milk, and/or enriched for-
tifiers) also merit further evaluation. n
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