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Nutritional Needs of the Late Preterm Infant
Much attention has been focused on enhancing the nutritional support of the premature infant to improve
mortality, morbidity and ultimately the quality of life. The majority of the research and publications in
this area has been devoted to the very-low-birth-weight infant. More recently, there has been recognition
that the late preterm infant is at increased risk for a number of complications associated with immaturity,
including increased hospital readmissions, delayed oral feeding skills and failure to thrive1, 2. Most
notably, studies suggest that the late preterm infant is at risk for neurodevelopmental and neurocognitive
impairment compared to term infants3, 4. This is not surprising given the amount of brain growth that
occurs between the 34th week of gestation and term, when brain weight and cortical volume increase
approximately 50%5-7. Though specific risk factors for neurodevelopmental sequelae have not been
thoroughly identified, it is probable that suboptimal nutrition during first few weeks of life impacts brain
growth and development, ultimately contributing to neurocognitive risk.

It was only in 2005, following a workshop sponsored by the National Institutes of Health, that the term
“late preterm” was adopted to better reflect the higher risk of complications in the population. The late
preterm infant, those born between 34 0/7 and 36 6/7 weeks gestation, constitute over 70% of the
preterm population born in the United States8. Over 300,000 late preterm infants are been in the United
States annually, representing a significant impact on public health.

The late preterm infant presents unique nutritional challenges to health care providers, particularly those
in smaller (Level I and Level II) centers. These infants may develop hypoglycemia, and have difficulty
feeding, requiring gavage feedings, intravenous fluids, and even parenteral nutrition. Though the
benefits of breastfeeding are clear, establishing breastfeeding in this population is often difficult due to

decreased muscle tone and coordination9, 10. The weak suck in these infants can also result in reduced
lactation in the nursing mother, making milk transfer even more difficult.

Weight gain of the late preterm infant during hospitalization often falls below that which occurs in
utero. A survey of 15 NICUs revealed that while mean birthweight of moderate preterm infants was at
the 44th percentile, the mean weight for adjusted age declined to the 19th percentile at discharge11. Only
2% of study subjects achieved weight gains comparable to intrauterine growth rates of 15 g/kg/d. The
degree of growth deficit in the first postnatal week was associated with net growth velocity over the
entire hospitalization, emphasizing the importance of adequate nutrition during the critical first week of
life.

Developing a plan for feeding the late preterm requires an understanding of the nutritional needs of the
population. Resting energy expenditure, expressed in kcal/kg/d, is actually slightly higher than in verylow-birth-weight infants12. In utero, the late preterm period is one of high fat accretion and energy
storage as well as protein and mineral accretion. Estimated nutrient requirements for late preterm
infants, relative to both younger and older counterparts, are outlined in Table 1. This table demonstrates
that estimated energy needs, expressed per kg, are actually highest in the 32 – 33 week gestation infants
and that estimated protein and mineral needs/kg remain increased until the infant reaches early term
gestation (e.g., >37 wks). The increased nutrient requirements of the late preterm infant cannot be met
by feeding unfortified or non-supplemented human milk or term formulas, though these are often used in
this population.

Table 1. Estimated nutrient requirements preterm, late preterm and term infants
28-31 wks 32-33 wks 34-36 wks 37-38 wks 39-41 wks
Fetal wt gain
17.5
15
13
11
(g/kg/d)
Energy
125
130
127
115
(kcal/kg/d)
Protein
3.9
3.5
3.1
2.5
(g/kg/d)
Calcium
120-140
120-140
120-140
70-120
(mg/kg/d)
Phosphorus
60-90
60-90
60-90
35-75
(mg/kg/d)
Modified from Lapillonne et al. J Pediatr 2013:162:S90-100.

10
110
2
70-120
35-75

The nutritional deficits that may occur in the last preterm infant are easily illustrated using a case
example: AJ was born at 34 2/7 weeks gestation after mother developed preterm labor. Apgar scores
were 7 and 8 at one and five minutes, respectively, and birthweight was 2250 grams. Mild respiratory
distress quickly resolved and AJ remained on room air throughout his hospitalization. He was initially
started on breastfeeding ad lib, but the infant tired after a few minutes at breast. Hypoglycemia
developed at 10 hours of age and intravenous fluids of D10 0.2%NS were started at 70 ml/kg.
Nasogastric supplemental of breast milk was initiated on DOL #2 and the volume was increased daily
until reaching caloric goal on DOL #9. Over the next week breastfeeding frequency and duration
gradually increased. On DOL #14 (adjusted age 36 2/7 weeks), supplemental NG feeds were
discontinued and infant transitioned to ad lib p.o. breastfeeding. Weight on DOL #14 was 2120 g (6%)
below birthweight. This scenario is likely often repeated in hospitals around our state. Yet few recognize
that during the first 10 days of life in this infant, a cumulative energy deficit of approximately 1000
calories occurred, with an associated protein deficit of 20 grams. The nutritional intake of the late
preterm infant is significantly affected by the feeding practices followed by an institution. In a review of
inter-hospital variations of nutritional practices in ten NICUs in California and Massachusetts involving
over 500 infants, the percentage of infants receiving parenteral nutrition ranged from 5 to 66%, while 4
to72% of infants received caloric dense (>20 kcal/oz) feedings13. Institutions with the fastest growth
rates of moderate and late preterm infants were found to provide higher enteral feeding volumes in the
first week of life, use increased caloric density feedings, and have a higher incidence of breast milk
feedings.

Recognizing optimal nutritional support of late preterm infants may improve quality of life and the fact
that current nutritional practices likely provide transient undernutrition in late preterm infants,
Lapillonne and colleagues recently published Nutritional Recommendations for the Late-Preterm Infant
and the Preterm Infant after Hospital Discharge12. This is recommended reading for those caring for
this population of infants. In brief, these authors promote, with sound evidence, breastfeeding and the
provision of fortified human milk at least until the infant reaches 40 weeks postconceptional age. If
formula-fed, a special discharge formula that contains more protein, minerals, trace elements and
LCPUFA (n-3 long chain polyunsaturated fatty acids) than standard term formula should be provided.
Information provided in Table 2 compares the nutritional needs of the late preterm infants to the
nutrients provided in full caloric intakes of breast milk (with and without human milk fortifier), term

formula and preterm discharge formula. At full caloric intake, unfortified human milk and term formula
provide <60% of goals for protein and minerals.

Table 2. Comparison of Nutritional Requirements of the Late Preterm Infants and Nutritional
Components of Human Milk and Formula
Requirements
32-33 wks
Energy
(kcal/kg/d)
Protein
(g/kg/d)
Calcium
(mg/kg/d)
Phosphorus
(mg/kg/d)

Human Milk

34-36 wks Breastmilk Breastmilk
+ HMF

Formula
Term

Preterm
Discharge

130

127

125

125

125

125

305

30.

1.9

3.5-4.1

2.7

3.5

120-140

120-140

51

180

98

150

60-90

60-90

26

98

54

83

Because of the paucity of specific nutritional and feeding recommendations for the late preterm infant,
we have developed what we believe is a rationale and practical approach for this population based upon
available data. The recommendations for the late preterm infant include:

1. Promotion of breastfeeding. The mother/infant dyad should attempt breastfeeds as the infant
tolerates. Close attention should be given to the success of nursing attempts (latch, duration, presence of
audible swallow). In order to encourage development of a good milk supply, mothers should also be
encouraged to pump frequently, particularly if the infant has a weak suck or tires with nursing attempts.
To increase protein and mineral intake, late preterm infants <2.5 kg will benefit from adding human
milk fortifier or preterm formula powder (up to an estimated 24 kcal/ounce) to expressed breast milk 2
to 4 times per day. These supplemented feeds should be started in the hospital and continue postdischarge until the infant reaches term corrected age and term weight (~3.25 kg) and demonstrates
appropriate weight gain (>25 grams/day). Vitamin D (400 IU/day) and iron (2-3 mg/kg/day elemental
iron) should also be given.

2. Formula feeding when mothers’ milk is not available. Use of a preterm transitional formula
(22 kcal/ounce) is indicated while in the hospital and following discharge to home. Formula may be

transitioned to term formula (20 kcal/ounce) when the infant reaches term corrected age and term
weight.

3. Enteral nutritional support. Infants less than 35 weeks gestation, and even older frequently
demonstrate poorly coordinated suck and swallow mechanisms and/or tire quickly with feeds. If these
infants fail to demonstrate improvement in feeding volume or duration over the first 3 days of life, or
measured intake is less than 100 ml/kg/day, use of supplemental gavage (nasogastric) feedings should be
strongly considered. Infants developing hypoglycemia or low urine output on oral feedings should also
receive gavage supplementation.

4. Use of parenteral nutrition support. Infants less than 33 weeks gestation or ~2 kg often display
immature gastrointestinal motility, evidenced by emesis and/or gastric residuals with enteral feeding.
Current recommendations for such infants include the advancement of enteral feeding volumes by no
more than 20 ml/kg/day; thus goal nutrient intakes will not be met by this route alone until the infant is
greater than a week of age. Often, even this rate cannot be achieved. Because these infants, or older
infants with feeding intolerance, are at the highest risk for nutritional deficit, consideration of parenteral
nutrition, including lipids, is strongly recommended during the first week on life. Ideally, this
intervention is started early in the hospital course to prevent a large protein and/or caloric deficit.
Parenteral nutrition may be discontinued once the patient tolerates >100-120 ml/kg/day of enteral/oral
feeds.

Because every infant is different, individualized planning and approaches are necessary to provide
optimal nutritional management of the late preterm infant. Such approaches include close monitoring of
nutrient intake, feeding tolerance and growth during hospitalization and growth after hospital discharge.
Parents should be educated regarding warning signs of poor feeding / inadequate intake before discharge
and early and frequent follow-up in an outpatient clinic should be scheduled until the infant
demonstrates consistent, appropriate weight gains in the home environment. The guidelines and
information presented in this text may be used to help develop these individualized plans. Any
nutritional strategy implemented should recognize that late preterm infants are a vulnerable population,
at risk for short and long term sequelae and that poor nutrition during the period of rapid brain growth
(34-40 weeks gestation) may contribute to long-term neurodevelopmental problems.

In summary, the nutritional requirements early in life for these infants are underappreciated and the
nutritional needs are often not met. Selection of a gestational age appropriate feeding choice (fortified
human milk, preterm discharge formula) may improve the protein and mineral intakes of these infants.
In addition, more aggressive nutritional support, including the use of gavage and parenteral nutrition,
which improves growth, is often needed.
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