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Abstract
The purpose of this comprehensive review was  
to gain a better understanding of the nutritional 
consequences associated with preterm birth and  
the integral role played by registered dietitian 
nutritionists (RDNs) in the neonatal intensive care 
unit (NICU) in overcoming these difficulties. The 
outcomes of available research demonstrate that 
preterm birth often leads to extrauterine growth 
retardation (EUGR). If uncorrected, EUGR can 
ultimately lead to other complications, such as 
inadequate lung development, gastrointestinal (GI) 
problems, and poor neurologic development. 
However, current research indicates that early and 
adequate enteral nutrition (EN) as well as parenteral 
nutrition (PN) monitored by a practicing NICU RDN 
can greatly reduce nutrition-related complications. 
The presence of an RDN on a multidisciplinary team 
may increase the chances of preterm infants 
achieving catch-up growth and avoiding the 
development of several life-threatening conditions.

Introduction
During the third trimester of pregnancy, 
important vitamins and minerals are transferred 
from mother to infant, making it the greatest 
period of organ and skeletal growth. Preterm 
infants are born before such nutrient 
accumulation occurs, which can result in 
inadequate growth and nutrient deficiencies (1). 
This, in turn, can lead to many long-term 
complications, including chronic lung disease, 
short bowel syndrome, allergies, asthma, and 
cognitive impairment (1). Feeding the preterm 
infant can be challenging due to the immaturity 
of the infant’s GI tract; the focused care provided 
by NICU RDNs addresses such challenges.

Growth Failure in Preterm Infants
Nutrition for preterm infants consists of 
parenteral and/or enteral feedings to achieve 
adequate growth rates (1). Determining the  
exact nutrition needs of a preterm infant can be 
challenging because of immaturity of the GI tract, 
increased energy needs for growth, and elevated 
nutritional deficits related to their decreased time 
in utero. Among the specific nutrients that are 
needed in increased amounts when compared to 
term infants are calcium, phosphorous, protein, 
sodium, zinc, and vitamin D (2). All aspects of 
growth for preterm infants must be monitored 
closely. Because of the special needs imposed by 
preterm birth, inclusion of an RDN in the care of 
these fragile infants can be crucial to their 
success (3). 
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neurotransmitters, thereby decreasing the 
incidence of neurodevelopmental impairment 
(10). Preterm infant formula and human milk 
fortifiers are designed to increase protein 
concentrations to provide an adequate level  
to support growth and development. 

Sammallahti et al (11) investigated whether the 
rate of growth from birth to 1 year CGA 
corresponded with greater neurocognitive 
function in adults who were born at very low 
birth weights (VLBWs), defined as less than  
1,500 g at birth. Individuals born preterm had 
poorer neurocognitive function in childhood, 
adolescence, and young adulthood compared  
to term born infants. Researchers found that 
adequate growth from birth to term CGA 
corresponded with improved cognitive abilities 
in young adults who were born at VLBWs. Head 
growth during the first few weeks and months 
after a preterm birth can predict and possibly 
improve adult neurocognitive outcomes. 

Overcoming Risk Factors Associated With 
Low Birth Weight
The growth rate potential for preterm infants  
is difficult to attain but becomes possible  
with correct nutrition and adequate care. 
Requirements for daily protein and energy 
intakes in preterm infants have been established 
to prevent many of the complications, including 
neurodevelopmental delays, caused by LBW. A 
daily intake of 3.2 to 3.8 g/kg protein and 90 to 
100 kcal via PN and 3.4 to 4.2 g/kg protein and 
110 to 130 kcal via EN for LBW infants is 
recommended (12). Current research has 
demonstrated that this level of nutrient provision 
is safe and effective for this population (13).

Providing a preterm infant with a high protein 
intake and adequate energy supply often leads  
to the promotion of lean body mass (14). Preterm 
infants fed human milk with additional protein 
supplementation have been found to have a 
lower incidence of growth retardation than those 
fed fortified or unfortified human milk (14).

In a retrospective population study, researchers 
examined nutrition and anthropometric 
measurements taken from birth to 70 days 
postnatal age of all extremely low birthweight 
infants born in Sweden from 2004 through 2007 
(n=531) (15). The average gestational age was 
25.3 weeks and the average birth weight was  
765 g. Average daily intakes were: 3.2 g/kg 
protein, 120 kcal/kg, 6.2 g/kg fat, and 170 mL/kg 

The birth weights of many preterm infants born 
between 24 and 32 weeks of gestation are below 
the median of the reference fetus at the same 
corrected gestational age (CGA) (4). Growth of 
preterm infants during the first postnatal weeks  
is critical. However, their weight gain often falls 
below what is expected, with plots below the 
10th percentile for CGA. This is defined as EUGR 
(5). EUGR is characterized by failure to gain 
weight and slowed growth in length and/or head 
circumference (5). Many variables contribute to 
EUGR, including low birth weight (LBW), chronic 
lung disease, corticosteroid exposure, sepsis, 
nutrition deficits, prolonged PN, and delayed EN. 

Complications Associated With 
Inadequate Growth 
EUGR often leads to long-term difficulties in 
cognitive development (1,4). An estimated 15% 
of preterm infants with EUGR develop cerebral 
palsy and 50% have cognitive or behavioral 
deficits or abnormalities (6). Stoll et al (7) 
analyzed the link between LBW and various 
clinical infections among infants born from  
1993 until 2001 who weighed less than 1,000 g. 
Observed infections included necrotizing 
enterocolitis (NEC), meningitis, and sepsis. Data 
were collected for each infant (n=6,093) for the 
first 120 days after birth or until the infant was 
released from the hospital or died. During 
follow-up visits, clinicians measured cognitive 
and neuromotor development, neurologic status, 
vision, hearing, and growth. Evaluations at 18 to 
22 months revealed that 41% of infants (n=2,498) 
had at least one neurodevelopmental disorder 
and 65% (n=3,961) had developed at least one 
infection. In addition, 62% of infants (n=3,778) 
had a weight, length, or head circumference that 
plotted below the 10th percentile, leading to 
cognitive delays.

Cooke and associates (8) found that the smaller 
the occipital frontal circumference (OFC), the 
greater the likelihood for neurodevelopmental 
impairment. Adequate nutrition support is key  
to increasing OFC measurements and, thus, 
encouraging brain development (8). The most 
critical time for providing such nutrition support 
is in the first 3 months after birth (9). Next to 
water, protein is the most abundant nutrient in 
the body. The brain is primarily composed of fat, 
but amino acid-based neurotransmitters must  
be present to maintain proper brain function. 
Adequate protein provision allows for the 
formation of neurotransmitters as well as 
effective and efficient communication between 
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fluid. During the first 28 postnatal days, infants 
received a combination of EN and PN. The 
proportion of enteral intake increased from  
28% during postnatal week 1 to 69% between 
postnatal days 8 and 28, and up to 94% through 
postnatal days 29 to 70. Lower energy intake was 
linked to a significant decrease in the rate of 
growth for all parameters (weight, length, and 
head circumference) (P<0.001). Similarly, lower 
protein intake was linked to a decrease in all of 
the described anthropometric measures. Lower 
fat intake was associated primarily with the 
decrease in head circumference. Severe growth 
failure progressed until day 28 of the study for 
weight and head circumference and until day  
42 for length. Most infants did not reach the 
minimum energy requirements for growth, even 
by 10 weeks of age (15). These findings reinforce 
the fact that improper nutrition may result in 
inadequate growth, poor neurologic 
development, and morbidity and mortality.

Arslanoglu et al (10) conducted a clinical trial of 
32 preterm infants receiving two different protein 
regimens to examine their effect on weight and 
head circumference. The infants received either 
an adjustable fortification regimen (ADJ) (n=16) 
or a fixed fortification regimen (STD) (n=16). 
Infants receiving the ADJ regimen had an average 
protein intake of 2.9 to 3.4 g/kg/day, while infants 
receiving the STD regimen had an average 
protein intake of about 2.8 to 2.9 g/kg/day. 
Infants receiving the ADJ protein regimen had 
greater improvement in both weight and head 
circumference compared with infants receiving 
the STD protein regimen. Increases in weight and 
head circumference were determined significant 
in relation to protein intake (P<0.05), thus 
decreasing the risk of neurodevelopmental 
delays. 

Miller and colleagues (13) conducted a randomized, 
controlled trial to assess the effect of human milk 
fortified with a human milk fortifier (HMF) that 
contained more protein than standard HMFs on 
growth in preterm infants. The investigation 
included 92 preterm infants born at 31 weeks’ 
gestation, who were categorized into a higher 
protein group (n=43) or the control group (n=49). 
The higher protein group received 1.4 g/100 mL 
protein (~4.3 g/kg/day) while the control group 
received the current recommendation for protein 
supplementation, which is 1.0 g/100 mL (~4.0 g/
kg/day) over the 60 days of the study. Both HMFs 
were isocaloric, varying only in protein and 
carbohydrate content. There were no significant 
differences between the two groups of infants in 
length (P=0.08) at the conclusion of the study, 
but the higher protein group achieved a 
significantly greater gain in weight (P<0.05) 
compared to the control group. No difference in 
feeding tolerance was observed between the two 
groups. This research suggests that a higher 

protein intake in preterm infants can result in less 
growth defects and that HMFs with higher 
protein contents than those currently used are 
necessary to achieve adequate development (13). 
Taking into account the improvements in weight 
gain and the tolerance of the higher protein 
concentration across the study population, such 
HMFs can be used widely to optimize growth 
development.

Although increased energy intake provided 
throughout hospitalization helps to achieve 
adequate growth, it also may result in increased 
storage of fat mass in preterm infants. Evidence 
has shown that excessive growth in preterm 
infants (>25 g/kg/day), either primary or by 
catch-up, may be associated with an increased 
risk of developing obesity and cardiovascular 
disease later in life (16,17). Promoting optimal 
lean body mass with the use of balanced nutrient 
provision may help to encourage adequate 
growth without the negative long-term 
consequences. 

Miller and associates (1) evaluated various 
approaches to medical nutrition therapy (MNT) 
for preterm infants that may lead to poor growth. 
The goal was to determine during which type of 
MNT administration infants were the most likely 
to exhibit poor growth: PN, EN, or the transitional 
phase. Chart reviews were conducted on preterm 
infants born before 32 weeks’ gestation in the 
NICU at Maimonides Infants and Children’s 
Hospital, Brooklyn, NY, from July 2008 to June 
2010. A total of 156 infants were included in the 
study, 49% of whom (n=76) were calculated to 
have a discharge weight less than the 10th 
percentile and 51% of whom (n=80) were 
calculated to have a discharge weight greater 
than the 10th percentile. Forty-six percent of 
infants (n=72) demonstrated poor growth during 
the transitional phase, making this the period of 
highest growth failure, likely related to decreased 
protein intake. 

dit Trolli and colleagues (18) examined the need 
for proper nutrition management of preterm 
infants. Current research has identified the 
provision of an early lipid supply as an energy 
source and precursors to long-chain 
polyunsaturated fatty acids (LCPUFAs) as beneficial 
to preterm growth. An ample lipid supply during 
the first 14 days after birth significantly correlated 
with the developmental quotient at 1 year CGA in 
extremely preterm infants (18). Adequate lipid 
consumption, including several different 
saturated, monounsaturated, and polyunsaturated 
fatty acids (FAs), is essential for brain development 
(19). The primary omega-3 FA found in the brain is 
docosahexaenoic acid (DHA), which comprises 
about 10% to 20% of the total FA content within 
the brain. DHA is a metabolite of α-linolenic acid, 
an essential FA that is not synthesized sufficiently 

in preterm infants due to the absence of the 
necessary desaturase enzyme. DHA accumulation 
is greatest during the third trimester of pregnancy, 
so dietary intake or supplementation of DHA is 
paramount for fetal and infant brain development, 
especially in preterm infants (20,21). 

After birth, infants are dependent on human milk 
or formula as their sole source of dietary DHA. 
Human milk DHA concentrations vary, based on 
the dietary habits of the mother (22). Historically, 
infants fed formula before the addition of DHA or 
human milk without sufficient DHA concentrations 
exhibited lower red blood cell concentrations 
than those of their counterparts who received 
adequate DHA (23). DHA deficiency early in life 
can lead to decreased psychomotor function, 
lower IQs, and impaired problem-solving skills  
or more advanced conditions such as attention-
deficit/hyperactivity disorder and schizophrenia 
(19,24). To combat this deficiency, infant formulas 
supplemented with LCPUFAs now include both 
DHA and arachidonic acid (ARA), an omega-6 FA. 
Formulas containing DHA have been consistently 
shown to increase the FA content of the blood 
with or without the addition of ARA. No 
complications in safety or growth have been 
determined with the addition of FAs to the 
formulas (25).

Role of the RDN in the NICU
RDNs play an integral role on multidisciplinary 
teams in NICUs worldwide. Historically, about 
45% of RDs have MS degrees and 50% of RDNs 
working in NICUs have held master’s degrees or 
higher, bringing a deeper level of knowledge to 
the multidisciplinary team (26). Their primary 
duties consist of providing MNT through 
individualized nutrition care plans and 
interacting with the other health professionals on 
the team, including physicians, physician aides, 
and nurses, to ensure positive growth of their 
infant charges (27). RDNs confer with the medical 
team to assist in the decision of when and how to 
initiate enteral feedings to meet an infant’s 
specific nutrition needs for growth. In addition, 
many RDNs also participate in research to 
develop new techniques and protocols for 
providing MNT to preterm infants. 

To gain a greater understanding of the role  
of an RDN in the NICU, Olsen et al (28) sent 
questionnaires to 820 different NICUs operating 
in the United States. The questions addressed 
topics such as the number of beds in the NICU, 
nutrition practices regarding growth such as 
protocol development and attending rounds, and 
which staff is involved in the decision-making 
process related to infant nutrition. The survey 
also sought to identify whether a full-time or 
part-time RDN was present in the NICU. If an RDN 
was present, further questions were sent directly 

(Continued on next page)
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to these professionals to provide more detail. 
Answers to the questions were compiled and 
analyzed to create a nutrition care score, ranging 
from 0 to 10, to determine the intensity of the 
recorded practices. 

Fifty-four percent of the eligible NICUs completed 
the questionnaire (28). Analysis of the completed 
and returned questionnaires showed that NICUs 
with full-time or part-time RDNs were more likely 
to provide fewer kilocalories but more protein via 
PN and more kilocalories and more protein via 
EN. NICUs with less coverage by RDNs were more 
likely to give full-term infant feedings to LBW 
infants. Other researchers have shown that  
NICUs that employ an RDN demonstrate more 
consistency in the initiation and progression  
of EN compared to NICUs without an RDN (29,30). 
In the aforementioned questionnaire, 
breastfeeding, which is the preferred method of 
nutrient delivery, was practiced more often than 
feeding preterm formulas when RDNs were 
involved with care (28). This suggests that more 
RDN involvement in NICUs results in better 
implementation of evidence-based nutrition 
practices, which may improve the outcomes of 
VLBW infants. The reasons given for lack of RDN 
involvement in NICUs were: perceived lack of 
need (49%), lack of funding (35%), and lack of 
availability of a trained NICU RDN (25%) (28). 
These responses highlight both the importance 
of educating the medical profession on the 
benefits of having an RDN in the NICU and  
the need for including NICU nutrition in 
undergraduate education and dietetic internship 
experiences for RDNs. 

Benefits of an RDN in the NICU
Sneve et al (31) observed changes in outcomes 
for VLBW infants before and after a 
multidisciplinary team that included an RDN  
was formed at the Boekelheide NICU within the 
Sanford Children’s Hospital and Specialty Clinic, 
Sioux Falls, SD. This retrospective review 
compared neonatal charts between 2001 and 
2004. The team working in the NICU was formed 
in 2003 and provided care for the infants in the 
2004 study population. Through the collaboration 
of this team, new nutrition practices were 
created, establishing guidelines for human milk 
fortification, protein supplementation, and 
monitoring of growth and laboratory test values. 
Various anthropometric measurements were 
observed, with some outcomes resulting in 
significant improvements (P≤0.05). Among these 
measurements, total weight gained, weight at 
time of discharge, weight gained per day from 
birth to initiation of EN and full feedings, and 
total head circumference in the 2004 group  
were significantly higher compared to the 2001 
group. Concurrent with the increase in these 
anthropometric measures were significant 

increases in the administration of lipids, proteins, 
calcium, and phosphorous. The changes in PN 
formulas and increases in weight gain and head 
circumference may be attributed to the inclusion 
of an RDN on the multidisciplinary team. 

Not only is the care of preterm infants critical 
while hospitalized in the NICU, but follow-up 
after discharge is also important for monitoring 
and evaluation of continued growth and 
development. Bryson and associates (32) studied 
the effect of a multidisciplinary team that 
included an RDN providing regular follow-up 
treatments for discharged VLBW infants. Thirty-
three infants received regularly scheduled care 
from a multidisciplinary team at the NICU’s 
comprehensive care clinic (CCC) at the Louisiana 
State University Medical Center-Shreveport. The 
other 42 infants in the study were seen at a 
general pediatric outpatient clinic (GPC) and/or a 
NICU high-risk clinic and did not have regularly 
scheduled follow-up appointments. Infants in the 
GPC population did not have regular access to an 
RDN or medical support team but were seen by 
either a neonatologist or nurse practitioner. An 
RDN did provide developmental screening, but 
infants only received nutrition consultations 
when deemed necessary. At 8 and 12 months 
CGA, there were increases in all measurements 
for weight, length, and head circumference when 
comparing sexes in the CCC group and the GPC 
group, with differences in length at 8 months 
CGA reaching significance (male P<0.05; female 
P<0.01). A comparison of the populations 
documented significant differences for plotting 
at or above the 5th percentile for length and 
head circumference by 8 months CGA and 12 
months CGA. By 1 year CGA, 12 infants in the GPC 
(28%) group were at or above the 5th percentile 
for length compared to 26 (79%) in the CCC 
group (P<0.05). When looking at head 
circumference, 11 of the GPC group infants were 
at or above the 5th percentile (26%) compared to 
27 (82%) in the CCC group (P<0.05). These results 
show that with follow-up care after discharge 
from the NICU that includes regular access to an 
RDN on the medical support team, VLBW infants 
can continue to develop and grow, achieving 
catch-up growth.

Personnel at a NICU at Wilford Hall US Air Force 
Medical Center in Texas saw improvements in 
growth and monitoring as well as feeding 
practices after regular RDN involvement (33). 
Intakes of calcium and phosphorous increased 
from an average of 30 to 40 mg/kg in PN formulas 
to 80 mg/kg and 60 mg/kg, respectively, after 
RDN recommendations were followed. The 
increase in calcium and phosphorus more closely 
matched in vitro fetal uptake and reduced the 
risk of osteopenia in preterm infants. To help 
increase growth rates, magnesium concentrations 

were increased to provide 3 mg/kg or greater. 
Prior to RDN recommendations, the transition 
phase to full EN feedings resulted in stalled gains 
in weight and eventual losses due to low energy 
and protein intakes. Clinicians began seeing 
weight gains of greater than 20 to 35 g/day in 
preterm infants due to administration of higher 
amounts of energy and protein. By working with 
an RDN, the NICU staff made improvements in 
the nutrition care process applied to preterm 
infants that resulted in positive patient outcomes, 
reduced hospital expenses, and elimination of PN 
formula errors on pharmacy orders. 

Such improved outcomes related to 
individualized care practices brought about by 
the inclusion of a multidisciplinary team that 
includes an RDN not only benefits the infants but 
also may decrease hospital costs by shortening 
length of stay (31) and increasing hospital 
resource efficiency. A trained NICU RDN could 
give presentations and provide nutrition 
education to improve the nutrition care provided 
by others on the medical team. In addition, the 
improved growth and development outcomes 
can create a positive reputation for the hospital 
and its staff for their high level of patient care. 
NICU RDNs are not yet required to have a 
specialty certification, but specialists may 
become more common as MS degrees become  
a requirement for RDNs.

Conclusion
The unfortunate outcomes of preterm birth can 
be life-threatening to the infant, but with proper 
nutrition care provided by a specialized RDN on a 
multidisciplinary team, such risks can be greatly 
reduced. A team approach can enhance care 
because the unique dietary needs of each infant 
can be reviewed, individualized, and monitored 
by an experienced RDN. The RDN’s knowledge 
can support the proper timing of feedings, 
whether through EN, PN, or human milk, as well 
as adequate nutrient concentrations. Sufficient 
amounts of macro- and micronutrients, including 
total energy, protein, DHA, and vitamins and 
minerals contribute to improved outcomes of 
preterm infants. Providing this critical nutrition 
support in the first postnatal weeks can allow 
infants to attain catch-up growth, reduce 
mortality rates, and decrease their chances of 
developing long-term complications associated 
with LBW. Not only do the infants themselves 
benefit from RDN involvement, but their families 
are sure to be grateful for the attention and care 
given to their child. 

Theresa Loomis, PhD, MS, DCN, RD, Emily LaLonde, 
Toivo Pasto, AAS, and Autumn Smith are from the 
Human Ecology Department at SUNY Oneonta, 
Oneonta, NY.



Support Line  ❙  Volume 38 No. 6  ❙  11

References
  1.  Miller M, Vaidya R, Rastogi D, Bhutada A, Rastogi, 

S. From parenteral to enteral nutrition: a 
nutrition-based approach for evaluating 
postnatal growth failure in preterm infants.  
JPEN J Parenter Enteral Nutr. 2014;38(4):489–497.

  2.  Arensault D, Brenn M, Kim S, et al. A.S.P.E.N. 
clinical guidelines: hyperglycemia and 
hypoglycemia in the neonate receiving 
parenteral nutrition. JPEN J Parenter Enteral Nutr. 
2012;36(1):81–95.

  3.  Prince A, Groh-Wargo S. Nutrition management 
for the promotion of growth in very low birth 
weight premature infants. Nutr Clin Pract. 2013; 
28(6):659–668. 

  4.  Ehrenkranz RA, Younes N, Lemons JA, et al. 
Longitudinal growth of hospitalized very low 
birth weight infants. Pediatrics. 1999;104(2 Pt 1): 
280–289.

  5.  Steward DK. Growth outcomes of preterm infants 
in the neonatal intensive care unit: long-term 
considerations. Newborn & Infant Nursing Reviews. 
2012;12(4):214–220. doi:10.1053/j.nainr.2012. 
09.009.

  6.  Vohr BR, Wright LL, Dusick AM, et al. Neuro-
developmental and functional outcomes of 
extremely low birth weight infants in the National 
Institute of Child Health and Human Development 
Neonatal Research Network, 1993–1994. Pediatrics. 
2000;105(6):1216–1226. 

  7.  Stoll BJ, Hansen NI, Adams-Chapman I, et al; 
National Institute of Child Health and Human 
Development Neonatal Research Network. 
Neurodevelopmental and growth impairment 
among extremely low-birth-weight infants  
with neonatal infection. JAMA. 2004;292(19): 
2357–2365.

  8.  Cooke RW, Lucas A, Yudkin PL, Pryse-Davies J. 
Head circumference as an index of brain weight 
in the fetus and newborn. Early Hum Dev. 1977; 
1(2):145–149.

  9.  Neubauer V, Griesmair E, Pehbock-Walser N, 
Pupp-Peglow U, Kiechl-Kohlendorfer U. Poor 
postnatal head growth in very preterm infants 
associated with impaired neurodevelopment 
outcome. Acta Paediatr. 2013;102(9)883–888. 

10.  Arslanoglu S, Moro EG, Ziegler EE. Adjustable 
fortification of human milk fed to preterm infants: 
does it make a difference? J Perinatol. 2006; 
26(10):614–621. 

11.  Sammallahti S, Pyhälä R, Lahti M, et al. Infant 
growth after preterm birth and neurocognitive 
abilities in young adulthood. J Pediatr. 2014; 
165(6):1109–1115.e3. 

12.  McLeod G, Sheriff J. Preventing postnatal growth 
failure—the significance of feeding when the 
preterm infant is clinically stable. Early Hum Dev. 
2007;83(10):659–665. 

13.  Miller J, Makrides M, Gibson RA, et al. Effect of 
increasing protein content of human milk fortifier 
on growth in preterm infants born at <31 wk 
gestation: a randomized controlled trial. Am J Clin 
Nutr. 2012;95(3):648–655.

14.  Herrmann KR. Early parenteral nutrition and 
successful postnatal growth of premature infants. 
Nutr Clin Pract. 2010;25(1):69–75. 

15.  Stoltz Sjöström E, Öhlund I, Ahlsson F, et al. 
Nutrient intakes independently affect growth  
in extremely preterm infants: results from a 
population-based study. Acta Paediatr. 2013; 
102(11):1067–1074. 

16.  Roggero P, Giannì ML, Amato O, et al. Is term 
newborn body composition being achieved 
postnatally in preterm infants? Early Hum Dev. 
2009;85(6):349–352.

17.  Uthaya S, Thomas EL, Hamilton G, Doré CJ, Bell J, 
Modi N. Altered adiposity after extremely 
preterm birth. Pediatr Res. 2005;57(2):211–215. 

18.  dit Trolli SE, Kermorvant-Duchemin E, Huon C, 
Bremond-Gignac D, Lapillonne A. Early lipid 
supply and neurological development at one 
year in very low birth weight (VLBW) preterm 
infants. Early Hum Dev. 2012;88(suppl 1):S25–S29. 

19.  McNamara RK, Carlson SE. Role of omega-3 fatty 
acids in brain development and function: 
potential implications for the pathogenesis and 
prevention of psychopathology. Prostaglandins, 
Leukot Essent Fatty Acids. 2006;75(4–5):329–349. 

20.  Clandinin MT, Chappell JE, Leong S, Heim T, 
Swyer PR, Chance GW. Intrauterine fatty acid 
accretion rates in human brain: implications for 
fatty acid requirements. Early Hum Dev. 1980; 
4(2):121–129.

21.  Martinez M. Tissue levels of polyunsaturated fatty 
acids during early human development. J Pediatr. 
1992;120(4 Pt 2):S129–S138. 

22.  Innis SM. Polyunsaturated fatty acids in human 
milk: an essential role in infant development. Adv 
Exp Med Biol. 2004;554:27–43.

23.  Makrides M, Neumann MA, Byard RW, Simmer K, 
Gibson RA. Fatty acid composition of brain, 
retina, and erythrocytes in breast- and 
formula-fed infants. Am J Clin Nutr. 1994; 
60(1):189–194.

24.  Carlson SE, Werkman SH. A randomized trial  
of visual attention of preterm infants fed 
docosahexaenoic acid until two months. Lipids. 
1996;31(1):85–90. 

25.  Wright K, Coverston C, Tiedeman M, Abegglen J. 
Formula supplemented with docosahexaenoic 
acid (DHA) and arachidonic acid (ARA): a critical 
review of the research. J Spec Pediatr Nurs. 2006; 
11(2):100–112. 

26.  Ohio Neonatal Nutritionists. Nutrition Services  
in Neonatal Intensive Care: A National Survey. 
Conducted April 1990.

27.  Groh-Wargo S, Thompson M, Hovasi Cox J, eds. 
Nutritional Care for High-Risk Newborns. 3rd ed. 
Chicago, IL: Precept Press Inc; 2000. 

28.  Olsen IE, Richardson DK, Schmid CH, Ausman LM, 
Dwyer JT. Dietitian involvement in the neonatal 
intensive care unit: more is better. J Am Diet 
Assoc. 2005;105(8):1224–1230. 

29.  Valentine C, Schanler RJ. Neonatal nutritionist 
intervention improves nutritional support and 
promotes cost containment in the management 
of low birth weight (LBW) infants. Presented at 
the A.S.P.E.N. 17th Clinical Congress, February 
14–17, 1993.

30.  Loomis T, Byham-Gray L, Ziegler J, Parrott JS. 
Impact of standardized feeding guidelines on 
eternal nutrition administration, growth 
outcomes, metabolic bone disease, and 
cholestasis in the NICU. J Pediatr Gastroenterol 
Nutr. 2014;59(1):93–98.

31.  Sneve J, Kattelmann K, Ren C, Stevens DC. 
Implementation of a multidisciplinary team that 
includes a registered dietitian in a neonatal 
intensive care unit improved nutrition outcomes. 
Nutr Clin Pract. 2008;23(6):630–634. 

32.  Bryson SR, Theriot L, Ryan NJ, Pop J, Tolman N, 
Rhoades P. Primary follow-up care in a 
multidisciplinary setting enhances catch-up 
growth of very-low-birth-weight infants. J Am 
Diet Assoc. 1997;97(4):386–390. 

33.  Elsaesser KR. Dietitian intervention in neonatal 
intensive care reduces errors and improves 
clinical outcomes [abstract]. J Am Diet Assoc. 
1998;98(9 suppl):A21.


