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Necrotizing enterocolitis (NEC) is a significant cause of mortality and morbidity in preterm infants. The

pathogenesis of NEC is not completely understood; however, intestinal immaturity and excessive immunoreactivity

of intestinal mucosa to intraluminal microbes and nutrients appear to have critical roles. 
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1. Introduction

Necrotizing enterocolitis (NEC) is the most common gastrointestinal emergency in preterm infants and is a major

cause of mortality and morbidity in the neonatal intensive care unit (NICU). A systematic review and meta-analysis

indicated that confirmed NEC is associated with 23% mortality, 24–61% neurodevelopmental disability, and 15–

35% intestinal failure . The pathogenesis of NEC is multifactorial and not completely understood. Intestinal

immaturity, abnormal microbial colonization, ischemic-reperfusion injury, and highly immunoreactive intestinal

mucosa are all thought to be important factors that may lead to NEC . NEC occurs mostly in infants on enteral

feeds. Feeding human milk, either the mother’s own milk or donor human milk, remains the most protective

measure against NEC. Several studies including randomized trials have shown that the incidence of NEC is 2- to

10-fold lower in human milk-fed infants compared with formula-fed infants . Formula-fed infants are typically at

the highest risk for NEC; therefore, several formula components including fat are suggested to play a critical role in

the disease development . In contrast, feeding breastmilk has often been shown not only to prevent NEC, but

also to promote gastrointestinal health .

Preterm infants have higher energy needs than their term counterparts in the early postnatal life . Fat provides

approximately 50% of the preterm infant’s caloric needs and supports many physiologic and metabolic functions

that are vital to their growth and neurodevelopment . Furthermore, several fatty acids play fundamental

immunomodulatory roles by regulating key pathways for inflammatory responses . Human milk contains long

chain polyunsaturated fatty acids (LC-PUFAs), mainly arachidonic acid (AA) and docosahexaenoic acid (DHA), that

modulate intracellular signaling within immune cells. A balance between the n6 LC-PUFAs and the n3 LC-PUFAs

promotes lipid mediator formation that is crucial to achieving protection against pathogens without exaggerated

inflammation .

2. Postnatal Fatty Acid Status in Preterm Infants
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In the third trimester of pregnancy, the fetus increases its nutrient demands to support rapid tissue growth with fat

deposition. Preterm birth interrupts the placental transfer of the fatty acids. Parenteral lipid has become the

standard of care to meet the early fat requirements of preterm infants after birth. Following the weaning of

parenteral lipid, preterm infants rely on enteral sources to meet these requirements, whether through breastmilk

and or formula. Since the fat content of the intravenous lipid emulsions (IVLEs) and enteral nutrition is inadequate

to meet preterm infants’ needs for more than a few days, postnatal deficits of certain fatty acids accumulate quickly.

For example, the DHA status of extremely low birth weight (ELBW) infants declines significantly in the first 2

months after birth, particularly in infants exposed to IVLEs for more than 28 days . This low DHA status can

remain for weeks, even after the establishment of full enteral feeding . Several other plasma fatty acids

abnormalities such as low (AA) and high linoleic acid (LA) are also described in very preterm infants . Some of

these abnormalities are associated with neonatal morbidities. A study by Martin et al. revealed that the deficit in

DHA was associated with increased risk of bronchopulmonary dysplasia (BPD), while the decreased AA and high

LA levels were associated with increased risk of nosocomial sepsis . The number of infants who developed NEC

in the former study was limited to 5, making it difficult to examine the association between plasma fatty acids levels

and NEC . Nevertheless, common morbidities in preterm infants often involve elements of uncontrolled

inflammation. Current evidence suggests that alterations in LC-PUFA delivery to preterm infants may have negative

implications on the risk of neonatal morbidities including NEC .

3. Fatty Acids of Breastmilk

Feeding human milk has been shown to improve gastrointestinal function and reduce the incidence of NEC. Term

and preterm infants are born with an immature immune response. The maturation of an infant’s immune system is

supported by breast milk fatty acids including the LC-PUFAs AA and DHA. Unlike infant formulas, the fatty acid

profile of human milk is influenced by maternal diet. Despite maternal diet variability, breastmilk provides a

relatively constant n6 to n3n3 ratio. LCPUFAs may contribute to the immune benefits of human breast milk;

however, the extent of this contribution is unclear .

3.1. Fatty Acids Content and Structure

The average human milk fat content is 3.5 g/100 mL with wide variation between 1.8 and 4.9 g/100 mL . This

variation depends on many factors such as lactation period, feeding stages (foremilk and hindmilk), and dietary

habits of mothers . For donor human milk, it is further influenced by processing and pasteurization .

Triglycerides (TGs), which compose 98% of breastmilk fat, consist of two main components: a glycerol backbone

and three fatty acids tails . The structure of these fatty acids depends on a number of molecular

characteristics including the number of carbon atoms, the presence or absence of unsaturated bonds, their

number, and their position in the TG molecule . Fatty acids are classified as saturated or unsaturated according

to the number of double bonds in the hydrocarbon chain. Monounsaturated fatty acids (MUFAs) have one double

bond, whereas polyunsaturated fatty acids (PUFAs) have several. LC-PUFAs (18 or more carbons) comprise 90%

of all PUFAs in breastmilk . They are classified into two key families: n3 and n6, depending on the position of the
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first double bond in the hydrocarbon chain. Breastmilk typically contains 35–40% saturated fatty acids (SFAs), 45–

50% MUFAs, and approximately 15% LC-PUFA . Figure 1 shows the type and concentration of fatty acids of

breastmilk.

Figure 1. Fatty acids of breastmilk. SFA, saturated fatty acids; MUFA, mono unsaturated fatty acids; LC-PUFA,

long chain-poly unsaturated fatty acids; LA, linoleic acid; αLA,α linolenic acid; AA, arachidonic acid; EPA,

eicosapentaenoic acid; DHA, docosahexaenoic acid .

3.2. Role of Fatty Acid Balance in the Infant Diet

LC-PUFAs have many structural, energetic, and metabolic functions. LA (n6) and α-linolenic acid (αLA; n3) are

PUFAs known as ‘essential fatty acids’ (EFAs). EFAs are converted into metabolites to exert pro- and anti-

inflammatory actions. LA is converted to AA (n6), which is the main precursor of thromboxanes, prostaglandins,

and leukotrienes. These metabolites are common precursors for the inflammatory response of NEC . Derivatives

of αLA include DHA (n3) and eicosapentaenoic acid (EPA; n3). DHA and EPA are precursors of series-3

prostaglandins that inhibit platelet aggregation .
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Preserving an appropriate ratio between SFAs, MUFAs and LC-PUFAs, and between the n3 and n6 LC-PUFAs

derivatives, DHA and AA, is important to maintain intestinal cytokine balance and prevent intestinal necrosis and

apoptosis. Animal studies showed that modifying fatty acid composition of the early diet influences intestinal

membrane fatty acids, with effects on permeability and inflammatory pathways that persist into later life .

Suppression of AA (n6; LC-PUFAs) by feeding female rats diets with 20% energy from safflower oil (15% oleic acid;

n9 MUFA and 75% LA; n6 LC-PUFA) or canola oil (60% oleic acid; n9 MUFAs and 21% LA; n6 PUFA), 8% fish oil

(n3 PUFA) plus 2% soy oil (51% LA and 23% oleic acid), or 18% fish plus 2% soy oil throughout gestation and

lactation resulted in significant aberration in the normal trajectory of intestinal development with reduced crypt

depth in their pups on a fish oil diet . Moreover, the intestine of pups on the fish oil diets had a long-lasting

heightened inflammatory response to experimental colitis in their young adulthood . Another study by Van

Greevenbroek et al. showed that supplementation with palmitic acid (SFA) resulted in disturbances in cell

morphology and intracellular accumulation of TG precursor molecules in intestinal Caco-2 cells compared to

supplementation with oleic acid (MUFAs) and LA (n6 PUFAs) .

A diet high in SFAs outside of the context of a breastmilk-based diet has been shown to increase metabolic stress

and risk of adverse health outcomes . Most preterm infant formulas are manufactured to match the fatty acids

content of breastmilk and achieve similar balance between SFAs, MUFAs, and LC-PUFAs. However, the absence

of breastmilk fat digestive enzymes and the low pancreatic lipase activity in preterm infants are not usually

considered when comparing the differences in bioactivity, functions, and intestinal absorption capacity between

formula and breastmilk. Recently, a pre-clinical study suggested potential benefits of using predigested fat in

formula. .

The use of predigested macronutrients to improve the intestinal health of preterm infants is not new. Protein

hydrolysate formula has been frequently proposed to improve protein absorption and promote feed tolerance. To

date, there is no strong evidence to support the notion that a hydrolyzed protein diet lowers the incidence of NEC

or feeding intolerance as it relates to the digestibility and absorption of proteins . There are also no studies that

have examined the effect of predigested fat on the incidence or severity of NEC in human preterm infants. In both

cases, the lack of evidence to support the benefits of predigested macronutrients warrants further research in this

area.

4. Fatty Acids in Infant Formula

There are many term formulas and nutrient-enriched preterm formulas available to neonates. Term formula is

manufactured to mimic mature human breast milk. The amount of protein, calcium, and phosphate in term formula

does not meet the estimated nutrient requirements of preterm infants. In contrast, preterm formula is energy and

protein-enriched with higher amounts of vitamins, minerals, and trace elements than term formulas. Preterm

formulas are designed to meet intrauterine nutrient accretion rates. The fat content of these formulas is also meant

to model that of human milk .
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Additions of LC-PUFAs to preterm and term formulas have been largely influenced by early reports on positive

effects on cognitive development and visual acuity . The design of previous studies and the content of current

infant formulas may be influenced by these reported benefits. This may have contributed to the lack of strong

evidence in NEC.

4.1. Fatty Acids Content in Preterm Infant Formulas and Human Milk Fortifiers

As in human milk, the dominant lipids in term and preterm infant formula are TGs. The lipid compositions of infant

formulas and human milk fortifiers (HMFs) vary according to the fat sources used to manufacture them. The fat

content of most infant formulas is formulated to match the concentration of fat in human milk. Nevertheless, some

preterm formulas have 36–43% less fat than donor human milk . HMFs are also designed to match the fat

content of breastmilk; however, current evidence suggests that both standard and targeted milk fortification

methods lead to fat content that is higher than the recommended intake . It is worth noting that reaching fat

content higher than the recommended intake is less likely when using fortified donor human milk.

4.2. Source of Fatty Acids in Infant Formula

Vegetable oils are commonly used to provide fatty acids in preterm and term infant formulas and HMFs. The fatty

acids found in vegetable oils do not provide adequate amounts of LC-PUFA derivatives, EPA, DHA, and AA 

. As a result, most infant formula manufacturers add AA and DHA to their products using fish, algal, or fungal oils

. Preterm and term infant formulas contain a high concentration of MUFAs. Oleic acid content has been reported

to be higher in some preterm infant formulas than breastmilk .

4.3. n3 and n6 LC-PUFAs Balance in Infant Formula

In general, most infant formulas have a wide range of n3 and n6 LC-PUFAs. Given that n3 and n6 PUFAs are

competitively metabolized by the same set of desaturation, elongation, and oxygenase enzymes, it is crucial to

maintain their balance in infant formula. The European Society for Paediatric Gastroenterology Hepatology and

Nutrition (ESPGHAN) recommends the ratio of LA to αLA to be 5:1 to 15:1 . The proposed amount of LA in infant

formula is 0.3–1.2 g/100 kcal . When DHA is added to infant formula, it should represent 0.5–1.0% of the total

fat content .

The addition of LC-PUFAs to preterm formula has theoretical and clinical benefit . LC-PUFAs, particularly the

balance between AA and DHA, have important clinical and immunomodulatory roles during the postnatal period

when the immune system is rapidly developing. A recent cohort study found that higher mean daily serum levels of

DHA during the first 28 postnatal days is associated with less severe retinopathy of prematurity (ROP) even after

adjustment for known risk factors. This effect was only seen in preterm infants with sufficiently high AA levels . In

this study, the incidence of NEC was three times higher in the infants with severe ROP compared to those with no

or mild to moderate ROP . For term infants, formulas enriched in both LC-PUFAs in ratios similar to that of

breastmilk have shown to alter immune function markers more comparable to those of exclusively breastfed infants

. In contrast, feeding infants a diet with high doses of n3 LC-PUFA without additional AA, reduces the n6:n3
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LC-PUFA ratio and results in immunosuppressive and anti-inflammatory effects through the reduction in the cell

content of AA. . This unbalanced diet is undesirable in the early postnatal period, particularly in preterm infants

when the immune system is rapidly developing. Similar findings of the benefits of an optimal ratio between DHA

and AA are observed in animal models undergoing experimental NEC. Caplan et al. revealed that the combination

of AA and DHA in neonatal rats attenuates the degree of experimental NEC by reducing intestinal inflammation .

DHA alone was unable to show any beneficial effect in terms of reducing NEC or Toll-Like Receptor (TLR) 4

expression .
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