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Role of LCPUFA in Maternal and Infant 
Health
Long-chain polyunsaturated fatty acids (LCPUFA) are important 
dietary components of maternal and infant health. Maternal 
diet influences her own LCPUFA stores, and thus the availability 
of these fatty acids to the fetus. Importantly, LCPUFA status has 
also been associated with increased length of gestation and 

reduced risk of preterm birth.1,2 Pregnant and lactating women 
are encouraged to consume LCPUFA in their diet, and one 
international working group recommends at least 200 mg daily 
of one particular LCPUFA, docosahexaenoic acid (DHA).3

These fatty acids are abundant in brain and retinal tissue. DHA 
in particular, is the most abundant fatty acid in the retina and 
gray matter of the brain,4 and the percentage of DHA in the 
retina increases during the last trimester of pregnancy and over 
the first two years of life.5 Previous work has established the 
importance of DHA and other LCPUFA on infant eye and brain 
development.6-8 

Breastfed infants predominantly accrue DHA in the brain and 
lean tissues, with the exception of the liver,9 whereas formula-
fed infants do not, particularly those fed formulas devoid of 
LCPUFA. Notably, DHA continues to accumulate in the brain until 
at least two years of age.10 

As stated above, LCPUFA are abundant in brain and retinal 
tissue, and may affect development in those organs. 
Furthermore, in preterm infants, LCPUFA deficiency 
has been associated with several morbidities, including 
bronchopulmonary dysplasia (BPD)11; however, more recent 
data suggests an increased risk of BPD in infants supplemented 
with DHA alone (without ARA).12 A recent meta-analysis did 
suggest a reduction in BPD, as well as necrotizing enterocolitis 
(NEC), with LCPUFA supplementation in preterm infants.13

Longer-term developmental assessments of the impact of 
LCPUFA have shown mixed results, likely due to heterogeneous 
study design and difficulty in assessing specific effects. 
The Bayley Scales of Infant Development, a commonly 
used assessment tool, provides a very broad overview of 
neurodevelopment, 
and effects of 
dietary macro- and 
micronutrients may 
demonstrate subtler 
outcomes on infant 
neurodevelopment. 

Of note, LCPUFA 
also exert effects on 
inflammation,14,15 
and have 
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Objectives
To obtain 1.0 CPEU and CE credit, please read this article 
and follow the links to answer the knowledge check 
questions in their entirety.

After reading this article, the learner will be able to: 

1. Describe the roles and potential benefits of LCPUFAs 
in early infant development and health

2. Discuss the current challenges related to adequate 
LCPUFA intake and deficits in hospitalized infants

3. Explore clinical applications of LCPUFA 
supplementation strategies to improve LCPUFA status



antioxidant effects.16,17 Furthermore, there is emerging evidence 
of effects on adiposity,18 thus these fatty acids may be even 
more important to infant health.

Importance of LCPUFA in Premature Infants
The preterm infant population is at inherent risk of LCPUFA 
deficiency. The third trimester of pregnancy is the time of 
maximal trans-placental LCPUFA accretion. This correlates 
with the time of maximal brain growth in utero.19,20 Therefore, 
with preterm delivery, placental transfer of LCPUFA is abruptly 
halted at a critical time of development. Additionally, one-week 
blood LCPUFA levels correlate with gestational age, indicating 
that the lowest levels are found in the most premature infants, 
and preterm levels are significantly lower than those of term 
infants.21 Furthermore, extremely low birthweight (ELBW) infants 
have a significant drop in LCPUFA as soon as two weeks of life, 
rendering them deficient in these important fatty acids22 (Figures 
1 and 2).

Both preterm and term infants lack adequate ability to 
synthesize endogenous LCPUFA. Desaturase and elongase 
enzymes, which normally convert LCPUFA precursors to 
arachidonic acid (ARA), DHA and eicosapentaenoic acid (EPA),23 
are deficient in preterm infants. More recent evidence shows 
that some infants harbor variants in desaturase and elongase 
enzymes that further exacerbate these deficiencies,24 and these 
infants may require supplementation above current standard  
of care.25

Furthermore, strategies to provide LCPUFA to preterm infants 
are limited. While maternal breast milk contains LCPUFA, 
content varies widely with diet and somewhat by geographic 
region.26 Of interest, DHA varies more widely in milk than ARA 
(Figure 3).27 

Preterm milk appears to contain higher amounts of LCPUFA 
compared to term milk.30 LCPUFA levels also decline postnatally 
in maternal milk.31 Donor milk, which is now frequently used 
in neonatal ICUs, contains LCPUFA as well, albeit at lower 
concentrations (Figure 4).32 Pregnant women are increasingly 

taking LCPUFA supplements prenatally, but supplementation is 
not universal. Preterm formula is routinely supplemented with 
LCPUFA, at average term breast milk concentrations,26 but this 
may not be at doses that are adequate for the needs of growing 
preterm infants. 

Despite the presence of LCPUFA in the preterm infant enteral 
diet, however, ELBW infants often do not achieve full enteral 
feeds for several weeks, while feedings are cautiously advanced. 
Not infrequently, enteral feeds in ELBW have to be held 
for various clinical reasons, including feeding intolerance, 
hemodynamic instability, critical illness, as well as NEC or 
spontaneous intestinal perforation (SIP). When this occurs, 
it delays the time to full enteral feeding even further. During 
prolonged periods of suboptimal or no enteral feeds, the 
preterm infant may be receiving little to no LCPUFA and 
cumulative deficits occur.33

In order to provide nutritional support to these tiny infants, 
parenteral solutions are routinely used until full enteral feedings 
can be achieved. More recently, formulations now include 
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LCPUFA (Table 1).34 However, data is limited on the effects that 
these solutions have on LCPUFA status in ELBW infants, and it 
appears that provision of LCPUFA parenterally is insufficient to 
maintain LCPUFA levels approximating in utero accretion.35,36

Potential Effects of Suboptimal LCPUFA 
Status in Preterm Infants
Emerging evidence demonstrates that deficiency in LCPUFA may 
contribute to common morbidities in preterm infants. Martin et 
al. reported a correlation between low DHA levels and increased 
risk of BPD,11 as well as an increased risk of late-onset sepsis 
in correlation with low ARA levels. A separate Tunisian study 
similarly found that lower levels of DHA and ARA were correlated 
with an increased risk of respiratory distress syndrome and also 
with intraventricular hemorrhage and mortality.37 

Furthermore, LCPUFA have potential to be neuroprotective 
in the preterm brain. A recent Canadian study evaluated DHA 
levels in preterm neonates born at 24-32 weeks gestation, 
and increased levels were shown to correlate not only with 
decreased intraventricular hemorrhage, but also improved white 
matter development on MRI and increased language and motor 
scores on the Bayley Scores for Infant Development at 32.8 ± 3.6 
months corrected age.38

Why are DHA and ARA Needed Together?
While much attention has been focused on DHA, research 
suggests that provision of ARA and DHA together supports 
optimal infant nutrition. Several investigators have provided 
supplements containing only DHA to infants with mixed 
results. Recently, Collins et al. reported a large multi-center 
randomized controlled trial using a DHA supplement in 
preterm infants. In that study, the supplemented infants had 

an increased risk of BPD compared with unsupplemented 
infants.12 Furthermore, a maternal supplementation study 
using DHA alone similarly described an increased risk of BPD 
in infants of mothers in the supplementation group compared 
with infants in the maternal placebo group.39 These two studies 
suggest that supplementation with DHA alone does not prevent 
BPD, but more data is needed on the effect of DHA and ARA 
supplementation on preterm infant morbidities. 

With regards to other preterm morbidities, DHA plus ARA 
may be of benefit. A recent study demonstrated a reduction 
in severe retinopathy of prematurity (ROP) with LCPUFA 
supplementation with a daily dose of 50 mg/kg DHA and 100 
mg/kg ARA.40 In that study, 101 infants born at less than 27 
weeks gestational age were supplemented from soon after birth 
until 40 weeks corrected gestational age and compared with 105 
unsupplemented infants. Severe ROP was reduced from 33.3% 
in the control group to 15.8% in the supplemented group.

The ratio of ARA to DHA does appear to have significant effect. 
One study out of Spain41 randomized preterm infants born 
weighing less than 1500 grams and at less than 32 weeks 
gestational age to one of two separate formulas. The first group 
(24 infants) received a formula that contained ARA and DHA 

Research suggests ARA and DHA together 
support optimal nutrition.

Deficiency of LCPUFA may contribute to 
common morbidities.

Table 1: Comparison of the Constituents of Major IV Fat Emulsions
Fatty Acid Soy-Based IV  

Fat Emulsiona
Fish Oil-Based IV Fat 

Emulsionb
Soy-, MCT-, Olive Oil-, Fish Oil-

Based IV Fat Emulsionc

-Tocopherol, mg/L 38 150–296 200

Phytosterols, mg/L 348 0 47.6

Linoleic, g/100 mL 5 0.1–0.7 2.9

-Linolenic, g/100 mL 0.9 <0.2 0.3

EPA, g/100 mL 0 1.28–2.82 0.3

DHA, g/100 mL 0 1.44–3.09 0.05

Oleic, g/100 mL 2.6 0.6–1.3 2.8

Palmitic, g/100 mL 1 0.25–1 0.9

Stearic, g/100 mL 0.35 0.05–0.2 0.3

Arachidonic, g/100 mL 0 0.1–0.4 0.05

DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; IV, intravenous; MCT, medium-chain triglyceride.
aIntralipid (Baxter Healthcare Corporation, Deerfield, IL).
bOmegaven (Fresenius Kabi, Bad Homburg, Germany).
cSMOF lipid (Fresenius Kabi).



at a ratio of 2:1, while the second group (21 infants) received 
a formula with an ARA:DHA ratio of 1:1. Both groups were 
compared to a group of 25 infants fed exclusively breast 
milk. These infants were assessed at 24 months corrected 
gestational age with the Brunet Lézine score, a test of 
psychomotor development. The group fed formula with a 2:1 
ratio of ARA to DHA not only had significantly higher scores, but 
their scores were similar to the breastfed controls. 

Separately, in the DIAMOND study, term infants were 
supplemented with a DHA/ARA blend, with a consistent ARA 
content of 0.64% total fatty acids in the supplement, and 
one of three DHA contents (0.32%, 0.64% or 0.96%).42 Infants 
were fed with the study formulas for the first 12 months of 
age and exclusively with formula for the first four months. 
Upon assessment of visual acuity measured by visual evoked 
potentials at 12 months, all supplemented infants had better 
visual acuity compared to those fed control formula without 
LCPUFA. Furthermore, the formula with 0.32% DHA (and 
therefore a 2:1 ratio of ARA to DHA) improved visual acuity 
at 12 months, but there was no further improvement as DHA 
content was increased.

Stop the Drop in DHA
As LCPUFA may improve both visual and neurodevelopmental 
outcomes, and also may impact neonatal morbidities, it is 
imperative that we continue to develop nutritional strategies 
that allow us to stop the drop in LCPUFA blood levels in 
preterm infants. While neonatologists and dietitians are 
increasingly aware of the need to initiate enteral feeds early 
and support preterm infants with optimal parenteral nutrition, 
alternative strategies for LCPUFA supplementation are needed.

The standard of care for enteral feeding of preterm infants 
now includes supplementation of LCPUFA, specifically ARA 
and DHA, as recommended by consensus report.43 However, 
supplementation of milk alone at current supplementation 
doses will not prevent the postnatal drop in the smallest 
infants. While parenteral sources may continue to evolve, at 
present, these formulations are inadequate to support the 
very low birthweight (VLBW) infant. Although neonatologists 
recognize the importance of early enteral feeding, many 
infants cannot tolerate early feedings, and even under optimal 
conditions, the tiniest infants often do not receive full enteral 
feeds for at least the first 2-3 weeks of life. Thus, alternative 
supplementation strategies are needed. Recent investigations 
have utilized concentrated LCPUFA supplements in preterm 
infants, which can be used separately from enteral feedings 
in order to provide adequate sources of these important fatty 

acids.33,44,45 We recently published a study evaluating the use 
of a concentrated, emulsified LCPUFA supplement with a 2:1 
ARA:DHA ratio that was well tolerated by all infants, and more 
importantly, reduced the drop in LCPUFA levels seen in VLBW 
infants in the weeks after delivery.46

Clinical Application
Ideally, LCPUFA blood levels can be monitored in VLBW infants 
postnatally. Although the optimal supplementation strategy 
remains to be seen, it is clear that preterm infants quickly 
become deficient in these important fatty acids. Blood spot 
levels done from capillary samples have been used in research 
studies to date,47,48 and monitoring may be feasible using this 
technology in the future. Monitoring of preterm infants should 
ideally be done in a manner that is reproducible, with a rapid 
turnaround time. Furthermore, any test that can be done with 
minimal blood volume is optimal in our tiniest patients. 

Monitoring dietary intakes more closely would allow dietitians 
and neonatologists to achieve a personalized nutritional plan 
for preterm infants. In addition to blood spot monitoring, milk 
spot tests can also be utilized to assess LCPUFA content of 
human milk feedings.49 Just as many units have the capability 
to monitor macronutrient content of milk, monitoring LCPUFA 
content would allow clinicians to tailor supplementation to the 
individual infant. 

Clearly, more research is needed to determine optimal LCPUFA 
supplementation goals for preterm infants. As neonatologists 
continue to work toward understanding the needs 
of these infants, and also the longer-term outcomes of 
supplementation, it will be important to ensure that any 
supplement is well tolerated and easily administered by staff of 
the neonatal intensive care unit. 

At present, while several studies have suggested benefit from 
LCPUFA supplementation, many questions remain. The studies 
to date have been quite heterogenous with respect to LCPUFA 
content, dosing strategy and outcomes of interest. A recent 
nutrition practice guideline recommended against routine 
supplementation given the current evidence.50 However, if 
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Neonatologists and dietitians are 
increasingly aware of the need for LCPUFA 
supplementation.



clinicians do choose to supplement preterm infants with 
LCPUFA, a supplement containing both ARA and DHA is 
recommended. 

Our unit is currently using such a strategy of providing DHA and 
ARA supplementation to VLBW infants born weighing less than 
1500 grams. We begin supplementation routinely after birth 
unless there is a gastrointestinal anomaly, intestinal perforation 
or hemodynamic instability requiring inotropic support. We 

continue supplementation until a corrected gestational age of  
34 weeks with the intent to stop the drop in LCPUFA levels.46

For reference to our recently published paper and 
supplemental protocols: Frost BL, Patel AL, Robinson DT, 
Berseth CL, Cooper T, Caplan M. Randomized Controlled Trial 
of Early Docosahexaenoic Acid and Arachidonic Acid Enteral 
Supplementation in Very Low Birth Weight Infants. J Pediatr. 
2021;232:23-30.e1.doi:10.1016/j.jpeds.2020.12.037.

Potential Benefits of LCPUFA
Benefits eye and brain development1,2,3 Anti-inflammatory9,10

Association with lower incidence of BPD4,5 Antioxidant effects11,12

Association with lower risk of severe ROP6 Association with longer gestation13,14

Improved attention7 Association with lower risk of preterm birth13,14

Improved visual acuity8 Effects on adiposity15

1. Carlson S et al. Am J Clin Nutr 1993; 58: 35-42. 2. Fang P et al. Chang Gung Med J 2005; 28: 708-15. 3. Werkman S et al. Lipids 1996; 31: 91-7. 4. Martin C et al. J Pediatr 2011; 159: 743-9.  
5. Zhang P et al. Pediatrics 2014; 134: 120-34. 6. Hellstrom A et al. JAMA Pediatr 2021. 7. Westerberg A et al. Acta Paediatr 2011; 100: 47-52. 8. Smithers L et al. Am J Clin Nutr 2008; 88: 1049-
1056. 9. Calder PC. Am J Clin Nutr 2006; 83: 1505S-19S. 10. Valentine C et al. J Pediatr Gastroenterol Nutr 2019; 69: 388-92. 11. Jones M et al. Reproduction 2014; 147: R143-52. 12. Leghi G et al. 
Prostraglandins Leukot Essent Fatty Acids 2016; 113: 33-9. 13. Olsen et al. BJOG 2000; 107: 382-95. 14. Horvath A et al. Br J Nutr 2007; 98: 253-9. 15. Rudolph M et al. Int J Obes (London) 2017; 41: 
510-7.

This self-study activity has been approved for one contact hour by Kendra Schreiner, 18160 Cottonwood Rd., PMB 352, Sunriver, OR, an 
independent provider approved by the California Board of Registered Nursing, Provider #15828. Application to the CDR has been made 
for 1.0 CPEU credit for Registered Dietitians. 

To receive credit and certificate, go to: https://www.surveymonkey.com/r/8TNM92H to complete the post-test and 
evaluation. Allow 30 days for your certificate. Maintain a copy for your records.

Name:  _______________________________________________________________________________________________________________________________

License #: ____________________________________________________________________________________________________________________________

References
1. Olsen SF, Secher NJ, Tabor A, Weber T, Walker 

JJ, Gluud C. Randomised clinical trials of fish 
oil supplementation in high risk pregnancies. 
Fish Oil Trials In Pregnancy (FOTIP) Team. BJOG. 
2000;107(3):382-95.

2. Horvath A, Koletzko B, Szajewska H. Effect 
of supplementation of women in high-risk 
pregnancies with long-chain polyunsaturated 
fatty acids on pregnancy outcomes and growth 
measures at birth: a meta-analysis of randomized 
controlled trials. Br J Nutr. 2007;98(2):253-9.

3. Koletzko B, Cetin I, Brenna JT, Perinatal Lipid Intake 
Working G, Child Health F, Diabetic Pregnancy 
Study G, et al. Dietary fat intakes for pregnant and 
lactating women. Br J Nutr. 2007;98(5):873-7.

4. Sun GY, Simonyi A, Fritsche KL, Chuang DY, 
Hannink M, Gu Z, et al. Docosahexaenoic acid 
(DHA): An essential nutrient and a nutraceutical for 
brain health and diseases. Prostaglandins Leukot 
Essent Fatty Acids. 2018;136:3-13.

5. Shulkin M, Pimpin L, Bellinger D, Kranz S, Fawzi W, 
Duggan C, et al. n-3 Fatty Acid Supplementation in 
Mothers, Preterm Infants, and Term Infants and 
Childhood Psychomotor and Visual Development: 
A Systematic Review and Meta-Analysis. J Nutr. 
2018;148(3):409-18.

6. Carlson SE, Werkman SH, Rhodes PG, Tolley EA. 
Visual-acuity development in healthy preterm 
infants: effect of marine-oil supplementation. Am J 
Clin Nutr. 1993;58(1):35-42.

7. Fang PC, Kuo HK, Huang CB, Ko TY, Chen CC, 
Chung MY. The effect of supplementation of 
docosahexaenoic acid and arachidonic acid 
on visual acuity and neurodevelopment in 
larger preterm infants. Chang Gung Med J. 
2005;28(10):708-15.

8. Werkman SH, Carlson SE. A randomized trial 
of visual attention of preterm infants fed 
docosahexaenoic acid until nine months. Lipids. 
1996;31(1):91-7.

9. Cunnane SC, Francescutti V, Brenna JT, Crawford 
MA. Breast-fed infants achieve a higher rate 
of brain and whole body docosahexaenoate 
accumulation than formula-fed infants not 
consuming dietary docosahexaenoate. Lipids. 
2000;35(1):105-11.

https://www.surveymonkey.com/r/8TNM92H


SCIENCE ON YOUR SEAT

R o l e  o f  LCPUFA  i n  M a t e r n a l  a n d  I n f a n t  H e a l t h

LA5255 NEW 9/21  ©2021 Mead Johnson & Company, LLC

10. Martinez M. Tissue levels of polyunsaturated 
fatty acids during early human development. J 
Pediatr. 1992;120(4 Pt 2):S129-38.

11. Martin CR, Dasilva DA, Cluette-Brown JE, 
Dimonda C, Hamill A, Bhutta AQ, et al. Decreased 
postnatal docosahexaenoic and arachidonic 
acid blood levels in premature infants are 
associated with neonatal morbidities. J Pediatr. 
2011;159(5):743-9 e1-2.

12. Collins CT, Makrides M, McPhee AJ, Sullivan TR, 
Davis PG, Thio M, et al. Docosahexaenoic Acid 
and Bronchopulmonary Dysplasia in Preterm 
Infants.N Engl J Med. 2017;376(13):1245-55.

13. Zhang P, Lavoie PM, Lacaze-Masmonteil 
T, Rhainds M, Marc I. Omega-3 long-chain 
polyunsaturated fatty acids for extremely 
preterm infants: a systematic review. Pediatrics. 
2014;134(1):120-34.

14. Calder PC. n-3 polyunsaturated fatty acids, 
inflammation, and inflammatory diseases. Am J 
Clin Nutr. 2006;83(6 Suppl):1505S-19S.

15. Valentine CJ, Dingess KA, Kleiman J, Morrow 
AL, Rogers LK. A Randomized Trial of Maternal 
Docosahexaenoic Acid Supplementation 
to Reduce Inflammation in Extremely 
Preterm Infants. J Pediatr Gastroenterol Nutr. 
2019;69(3):388-92.

16. Jones ML, Mark PJ, Waddell BJ. Maternal dietary 
omega-3 fatty acids and placental function. 
Reproduction. 2014;147(5):R143-52.

17. Leghi GE, Muhlhausler BS. The effect of n-3 
LCPUFA supplementation on oxidative stress 
and inflammation in the placenta and maternal 
plasma during pregnancy. Prostaglandins Leukot 
Essent Fatty Acids. 2016;113:33-9.

18. Rudolph MC, Young BE, Lemas DJ, Palmer CE, 
Hernandez TL, Barbour LA, et al. Early infant 
adipose deposition is positively associated with 
the n-6 to n-3 fatty acid ratio in human milk 
independent of maternal BMI. Int J Obes (Lond). 
2017;41(4):510-7.

19. Lapillonne A, Jensen CL. Reevaluation of the 
DHA requirement for the premature infant. 
Prostaglandins Leukot Essent Fatty Acids. 
2009;81(2-3):143-50.

20. Lauritzen L, Hansen HS, Jorgensen MH, 
Michaelsen KF. The essentiality of long chain 
n-3 fatty acids in relation to development and 
function of the brain and retina. Prog Lipid Res. 
2001;40(1-2):1-94.

21. Baack ML, Puumala SE, Messier SE, Pritchett 
DK, Harris WS. What is the relationship between 
gestational age and docosahexaenoic acid (DHA) 
and arachidonic acid (ARA) levels? Prostaglandins 
Leukot Essent Fatty Acids. 2015;100:5-11.

22. Robinson DT, Carlson SE, Murthy K, Frost B, Li 
S, Caplan M. Docosahexaenoic and arachidonic 
acid levels in extremely low birth weight infants 
with prolonged exposure to intravenous lipids. J 
Pediatr. 2013;162(1):56-61.

23. Burdge GC, Calder PC. Conversion of alpha-
linolenic acid to longer-chain polyunsaturated 
fatty acids in human adults. Reprod Nutr Dev. 
2005;45(5):581-97.

24. Lattka E, Klopp N, Demmelmair H, Klingler 
M, Heinrich J, Koletzko B. Genetic variations 
in polyunsaturated fatty acid metabolism--
implications for child health? Ann Nutr Metab. 
2012;60 Suppl 3:8-17.

25. Salas Lorenzo I, Chisaguano Tonato AM, de 
la Garza Puentes A, Nieto A, Herrmann F, 
Dieguez E, et al. The Effect of an Infant Formula 
Supplemented with AA and DHA on Fatty Acid 
Levels of Infants with Different FADS Genotypes: 
The COGNIS Study. Nutrients. 2019;11(3).

26. Harris WS, Baack ML. Beyond building better 
brains: bridging the docosahexaenoic acid (DHA) 
gap of prematurity. J Perinatol. 2015;35(1):1-7.

27. Brenna JT, Varamini B, Jensen RG, Diersen-
Schade DA, Boettcher JA, Arterburn LM. 
Docosahexaenoic and arachidonic acid 
concentrations in human breast milk worldwide. 
Am J Clin Nutr. 2007;85(6):1457-64.

28. Birch EE, Hoffman DR, Usuy R, Birch DG, 
Prestidge C. Visual acuity and the essentiality 
of docosahexaenoic acid and arachidonic 
acid in the diet of term infants. Pediatr Res. 
1998;44(2):201-209.

29. Auestad N, Halter R, Hall RT, et al. Growth and 
development in term infants fed long-chain 
polyunsaturated fatty acids: a double-masked, 
randomized, parallel, prospective, multivariate 
study. Pediatrics. 2001;108(2):372-381. 

30. Kilari AS, Mehendale SS, Dangat KD, Yadav 
HR, Gupta A, Taralekar VS, et al. Long chain 
polyunsaturated fatty acids in mothers of 
preterm babies. J Perinat Med. 2010;38(6):659-64.

31. Nilsson AK, Lofqvist C, Najm S, Hellgren G, 
Savman K, Andersson MX, et al. Long-chain 
polyunsaturated fatty acids decline rapidly in 
milk from mothers delivering extremely preterm 
indicating the need for supplementation. Acta 
Paediatr. 2018;107(6):1020-7.

32. Valentine CJ, Morrow G, Fernandez S, Gulati P, 
Bartholomew D, Long D, et al. Docosahexaenoic 
Acid and Amino Acid Contents in Pasteurized 
Donor Milk are Low for Preterm Infants. J Pediatr. 
2010;157(6):906-10.

33. Robinson DT, Caplan M, Carlson SE, Yoder 
R, Murthy K, Frost B. Early docosahexaenoic 
and arachidonic acid supplementation in 
extremely-low-birth-weight infants. Pediatr Res. 
2016;80(4):505-10.

34. Torgalkar R, Dave S, Shah J, Ostad N, 
Kotsopoulos K, Unger S, et al. Multi-component 
lipid emulsion vs soy-based lipid emulsion 
for very low birth weight preterm neonates: 
A pre-post comparative study. J Perinatol. 
2019;39(8):1118-24.

35. Nilsson AK, Lofqvist C, Najm S, Hellgren G, 
Savman K, Andersson MX, et al. Influence of 
Human Milk and Parenteral Lipid Emulsions 
on Serum Fatty Acid Profiles in Extremely 
Preterm Infants. JPEN J Parenter Enteral Nutr. 
2019;43(1):152-61.

36. Najm S, Lofqvist C, Hellgren G, Engstrom E, 
Lundgren P, Hard AL, et al. Effects of a lipid 
emulsion containing fish oil on polyunsaturated 
fatty acid profiles, growth and morbidities in 
extremely premature infants: A randomized 
controlled trial. Clin Nutr ESPEN. 2017;20:17-23.

37. Fares S, Sethom MM, Hammami MB, Cheour 
M, Feki M, Hadj-Taieb S, et al. Postnatal RBC 
arachidonic and docosahexaenoic acids 
deficiencies are associated with higher risk of 
neonatal morbidities and mortality in preterm 
infants. Prostaglandins Leukot Essent Fatty Acids. 
2017;126:112-6.

38. Tam EW, Chau V, Barkovich AJ, Ferriero DM, 
Miller SP, Rogers EE, et al. Early postnatal 
docosahexaenoic acid levels and improved 
preterm brain development. Pediatr Res. 
2016;79(5):723-30.

39. Marc I, Piedboeuf B, Lacaze-Masmonteil T, Fraser 
W, Masse B, Mohamed I, et al. Effect of Maternal 
Docosahexaenoic Acid Supplementation on 
Bronchopulmonary Dysplasia-Free Survival in 
Breastfed Preterm Infants: A Randomized Clinical 
Trial. JAMA. 2020;324(2):157-67.

40. Hellstrom A, Nilsson AK, Wackernagel D, Pivodic 
A, Vanpee M, Sjobom U, et al. Effect of Enteral 
Lipid Supplement on Severe Retinopathy of 
Prematurity: A Randomized Clinical Trial. JAMA 
Pediatr. 2021.

41. Alshweki A, Munuzuri AP, Bana AM, de Castro MJ, 
Andrade F, Aldamiz-Echevarria L, et al. Effects 
of different arachidonic acid supplementation 
on psychomotor development in very preterm 
infants; a randomized controlled trial. Nutr J. 
2015;14:101.

42. Birch EE, Carlson SE, Hoffman DR, Fitzgerald-
Gustafson KM, Fu VL, Drover JR, et al. The 
DIAMOND (DHA Intake And Measurement Of 
Neural Development) Study: a double-masked, 
randomized controlled clinical trial of the 
maturation of infant visual acuity as a function of 
the dietary level of docosahexaenoic acid. Am J 
Clin Nutr. 2010;91(4):848-59.

43. Koletzko B, Lien E, Agostoni C, Bohles H, 
Campoy C, Cetin I, et al. The roles of long-chain 
polyunsaturated fatty acids in pregnancy, 
lactation and infancy: review of current 
knowledge and consensus recommendations. J 
Perinat Med. 2008;36(1):5-14.

44. Baack ML, Puumala SE, Messier SE, Pritchett DK, 
Harris WS. Daily Enteral DHA Supplementation 
Alleviates Deficiency in Premature Infants. Lipids. 
2016;51(4):423-33.

45. Collins CT, Sullivan TR, McPhee AJ, Stark MJ, 
Makrides M, Gibson RA. A dose response 
randomised controlled trial of docosahexaenoic 
acid (DHA) in preterm infants. Prostaglandins 
Leukot Essent Fatty Acids. 2015;99:1-6.

46. Frost BL, Patel AL, Robinson DT, Berseth CL, 
Cooper T, Caplan M. Randomized Controlled Trial 
of Early Docosahexaenoic Acid and Arachidonic 
Acid Enteral Supplementation in Very Low Birth 
Weight Infants. J Pediatr. 2021;232:23-30.e1. 
doi:10.1016/j.jpeds.2020.12.037.

47. Marangoni F, Colombo C, Galli C. A method for 
the direct evaluation of the fatty acid status in 
a drop of blood from a fingertip in humans: 
applicability to nutritional and epidemiological 
studies. Anal Biochem. 2004;326(2):267-72.

48. Sarter B, Kelsey KS, Schwartz TA, Harris 
WS. Blood docosahexaenoic acid and 
eicosapentaenoic acid in vegans: Associations 
with age and gender and effects of an algal-
derived omega-3 fatty acid supplement. Clin 
Nutr. 2015;34(2):212-8.

49. Jackson KH, Polreis J, Sanborn L, Chaima D, 
Harris WS. Analysis of breast milk fatty acid 
composition using dried milk samples. Int 
Breastfeed J. 2016;11:1.

50. Fenton TR, Griffin IJ, Groh-Wargo S, Gura K, 
Martin CR, Taylor SN, et al. Very Low Birthweight 
Preterm Infants: A 2020 Evidence Analysis 
Center Evidence-Based Nutrition Practice 
Guideline. J Acad NutrDiet. 2021.


