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Abstract
Worldwide, more than 15 million babies are born prematurely every year. Of these, 1 million die, and many surviving infants face a lifetime of disability. A 

striking 24% of the world’s preterm births occur in India, which represents a total of 3.5 million preterm births every year. Infants born prematurely are at a higher 
risk than term infants for infections, impaired neurodevelopment, and poor growth. 

Short and long-term health outcomes can be improved by initiating feeds promptly and advancing progressively. Feeding usually involves multiple 
approaches such as early parenteral nutrition, orogastric or nasogastric enteral tube feeding, and ultimately oral feeding. The starting feed and the timing of 
progression depend on an infant’s age and weight at birth, the baby’s ability to coordinate breathing with sucking and swallowing, and gut maturity. The nutrient 
needs of preterm infants are higher than that of term infants. Parenteral nutrition must supply adequate amino acids and energy. For enteral feeds, mother’s milk 
is ideal but must be fortified with additional protein, energy, vitamins, and minerals. When the infant is ready for oral feeding, fortified mother’s milk is the first 
choice. Human milk banks, wherever available, should be considered as the first alternative when mother’s milk is unavailable or insufficient. If both options are 
not available, the use of nutrient-rich preterm formula is appropriate. To promote intact survival among infants born prematurely, our paper includes a stepwise 
feeding plan and tools for decision making.
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Introduction
Worldwide, more than 15 million babies are born prematurely 

every year-approximately 1 in every 10 newborns. Of these, 
approximately 1 million die, and many surviving infants face a lifetime 
of disability [1]. Infants born early are at a higher risk than term 
infants for infection, sepsis, and death; impaired neurodevelopment; 
and poor weight gain and body growth [2-4]. The incidence of 
premature births ranges between 5% and 18% worldwide; Incidence 
rates in India are mid-range at approximately13% [5,6], which 
accounts for 24% of the world’s preterm births. This represents a 

total of 3.5 million per year, the highest number for any country in 
the world [5]. There is much room for improvement in the care of 
preterm babies in India. 

The neonatologists from India aim to highlight affordable and 
effective ways to reduce death and disability among babies born 
prematurely i.e. increase intact survival. To improve outcomes in this 
vulnerable infant population, the focus has been set particularly on 
nutrition. Prompt and progressive feeding for preterm infants has 
been endorsed, and the importance of human milk in the feeding 
regimen has been underscored [7,8]. 
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It is also important to recognize that’s election of how, when, 
and what to feed depends on the preterm infant’s gestational age 
and the clinical status at birth and in the weeks there after. Prompt 
feeding means initiating feeding within hours of birth to emulate 
in uteronutrient availability. Progressive feeding calls for stepwise 
adjustment of nutrient delivery after birth to ensure that nutritional 
needs of the preterm infant are fully met. In general, the step wise 
feeding pattern for infants had born prematurely progresses from 
parenteral to enteral to oral feeding.

Unmet nutritional needs predict poor outcomes

Infants born prematurely, especially with low birth weight, are 
predisposed to poor outcomes. Notably, they are at risk for infection/
sepsis [9]. Among those who survive, many experience Extra Uterine 
Growth Restriction (EUGR) or postnatal growth failure, especially if 
their nutritional intake is low [10,11] and have impaired cognitive 
development and compromised learning, vision, and hearing [2,12-
14].

Infection, sepsis, and mortality

Threats to prematurely born infants such as risk for infection, 
sepsis, inadequate nutrition, and death are interwoven. Sepsis is a 
leading cause of preterm infant mortality worldwide [15]. In India, 
researchers at a tertiary care hospital found that even late preterm 
infants (n=250) were at 5-fold greater risk for sepsis as compared 
to term newborns [16]. In another study, low energy intake during 
the first week of life among preterm infants was correlated with slow 
growth velocities and risk of adverse outcomes such as sepsis and 
death [9].

Growth restriction

EUGR is common among preterm infants, occurring in more 
than 50% of Very Low Birth Weight (VLBW; <1500 g) babies [11]. 
Inadequate postnatal nutrition is an important factor contributing to 
growth failure [17]. Results of a large study of Extremely Low Birth 
Weight (ELBW; <1000 g) infants showed that nearly 90% of Small-
for-Gestational-Age (SGA) babies displayed growth failure at 36 
weeks of gestational age [18,19].

Impaired neurodevelopment

Approximately 7% of infants born prematurely worldwide are 
estimated to have some degree of neurodevelopmental impairment, 
which represents a large social and economic burden [2]. All 
nutrients support brain development, but certain macro- and 
micronutrients are particularly important in preterm infants, i.e. 
protein, glucose, polyunsaturated fatty acids, iron, zinc, iodine, and 
folate [14]. Evidence shows that nutrient sufficiency in preterm 
infants positively affects development of sensory, visual, and auditory 
functions [13,20,21]. Poor early weight gain in preterm infants is 
associated with abnormal vascularization of the eye, i.e. retinopathy 
of prematurity, an observation that underscores the importance of 
nutrients in visual development [22].

Long-term economic burden of preterm birth 

In addition to lasting health care costs of preterm birth, there 
are long-term financial costs. Health economists have tracked the 

cost burden of preterm birth based on growth impairment and 
neurodevelopmental disabilities. In Canada, the added healthcare 
costs from birth through 2 years were estimated at $13,700 [23]. In 
the UK, healthcare costs from birth through 18 years were estimated 
at more than ₤45,000 ($70,000) [24], whereas lifetime medical cost 
in the USA was estimated at more than $51,000 [25]. Exact figures 
of economic burden of preterm births are not available for India, but 
given the fact that preterm babies require specialized care, there is 
little doubt that the cost of managing these babies is high.

Nutrition care improves outcomes for preterm infants

Research shows that appropriate nutritional care of preterm 
infants can positively influence early growth and development 
as well as long-term outcomes. There is an ever-growing body of 
evidence showing that prompt provision of parenteral nutrition to 
preterm infants can improve survival and early outcomes such as 
growth [26], pulmonary function [27], neurodevelopment [11], 
and bone maturation [28]. Likewise, early enteral feeding (small-
volume trophic feeds) with gradual progression to full enteral feeding 
(tube or oral) also yields well-evidenced benefits, such as improving 
maturation of the gastrointestinal tract and its immune tissues [29], 
enhancing feeding tolerance [30], assuring adequate growth (weight 
and length) [31], decreasing the risk of infection and sepsis [10], 
helping avert cholestasis [31], and lowering the risk of Necrotizing 
Enterocolitis (NEC) [32]. In babies born prematurely, early enteral 
feedings enriched with calcium and phosphorus significantly increase 
bone mineral content during the first 3 months of growth [33].

Breast milk offers benefits to preterm infants. However, studies 
have shown that the greatest benefits (increased growth and bone 
mineral content) occur only when human milk is fortified to meet the 
higher needs of preterm infants [34,35].

Protein and energy intakes in the first week after birth have been 
shown to influence mental development at age 18 months; specifically, 
there was a 4.6-point increase in mental development index for every 
10 kcal/kg body weight/day of energy intake and an 8.2-point increase 
for every g/kg body weight/day of protein intake [36].

Cost savings

To date, few studies have examined the cost benefit of specialized 
parenteral feeding for infants born prematurely. While financial 
costs of parenteral nutrition therapy are high, health outcome 
benefits of parenteral feeding for Low Birth Weight (LBW) infants 
are clearly substantiated [37]. Broader use of standardized parenteral 
components may help contain costs [37,38]. As preterm infants 
mature to tolerate enteral feeding, fortified human milk becomes the 
preferred feeding, and preterm feeding formulas are considered an 
effective alternative; such special enteral feedings do increase the cost 
of nutrition care but are likely to be offset by lower short and long-
term healthcare use [11].

There is a need for future health economics and outcomes related 
research studies to assess the “value of nutrition” for preterm infants. 
In addition, one of the pertinent questions in the current scenario 
is whether the added costs of prompt and progressive feeding 
(parenteral feeding, human milk fortifiers, preterm formulas) are 
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offset by lower healthcare costs that go along with improved survival, 
growth, and development.

In-Hospital and Post-Discharge Preterm Feeding: 
Practical Issues
Higher nutrient needs

Intrauterine accretion of nutrients occurs mainly in the later part 
of the third trimester; preterm infants have low body stores of macro 
and micronutrients at birth, yet they have high requirements to 
support growth and development (Table 1). Needs for key nutrients 
have been estimated on the basis of fetal growth, fetal accretion 
rate, and intestinal absorption for preterm infants and on the 
basis of human milk composition for term infants [39]. Over time, 
individual infant’s needs may become even greater due to build-up of 
nutrient deficits resulting from medical and physiological conditions 
[11,18,40].

How to feed preterm infants?

Infants born prematurely may lack adequate feeding skills, 
including sucking and swallowing difficulties, and may experience 
feeding intolerance due to gut immaturity [11,18,40]. Short- and 
long-term outcomes can be improved by starting nutrition promptly 
and advancing progressively [7,11,41]. The initial feeding method 
depends of the feeding skill of the baby (Table 2) [40].

When to feed preterm infants?

Feeding should be started within 1 to 2 hours of birth (Figure 1) 
[7,37,42].

Breastfeeding: The gold standard

Some experts advise that all stable LBW infants should be put on 
their mothers’ breasts. Even in very immature infants who cannot 
get adequate fluid and nutrients from breastfeeding, sucking at the 
breast is thought to help build infant feeding skills and enhance milk 

secretion by the mother (non-nutritive sucking) [40].

Frequency of feeding

The frequency of feeding is decided based on the weight, 
gestational age, and clinical condition of the infant. The feeds through 
nasogastric or orogastric tubes are given as a bolus over 10 to 20 
minutes. The feeding volumes and frequency of feeds according to 
the birth weight have been given in Table 3 [43].

What to feed?
Parenteral nutrition

According to the European Society of Paediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN), European Society for 
Clinical Nutrition and Metabolism (ESPEN), and the European 
Society of Paediatric Research (ESPR) guidelines on pediatric 
parenteral nutrition, amino acid supply initiated on the first postnatal 
day is generally safe. A minimum of 1.5 g/kg/day to prevent negative 
nitrogen balance and a maximum of 4 g/kg/day are recommended 
[44]. Feeding outcomes must be monitored to avoid hyper or 
hypoglycemia [41]. Parenteral nutritional intake in preterm infants 
as per National Neonatology Forum (NNF) is given in Table 4 [44].

Enteral and oral feedings

Adequate enteral feeding of preterm low birth weight infants 
requires attention to supplies of protein and energy, along with specific 
vitamins and minerals for growth and brain/body development 
(Table 5) [45].

Preterm infants, especially VLBW infants, are at risk of iron 
deficiency, which may have adverse effects on brain development and 
function. Dietary intake of iron should be 2 mg/kg/day for infants 
with birth weight of 1500-2500 g and 2-3 mg/kg/day for infants 
with birth weight <1500 g. The iron status should be monitored 
routinely in preterm infants [46]. Although there are no specific 
recommendations for the assessment of iron status in preterm infants, 
initial screening of iron status at 2 months or at discharge (whichever 
is earlier) is considered prudent. A recheck of hematological status 
can be considered at the age of 6 months [47].

Fortified human milk or preterm formula

For low birth weight infants (ELBW and VLBW), neither human 
milk nor standard term infant formula can provide necessary levels 
of nutrients for catch-up growth [10]. For this reason, there is a need 

Nutritional needs 
per kg/day

Preterm, GA < 
28 weeks

Term, GA age 
39-41 weeks

Higher needs, 
preterm versus term

Energy, kcal/kg 125 110 >10%

Protein, g/kg 4 1.5 >2.5-fold

Calcium, mg/kg 120-140 55-120 >2-fold

Phosphorus, mg/
kg 60-90 30-75 2-fold more

Table 1: Daily nutritional needs of preterm infants compared to term infants [39].

Figure 1: Composition and transition of preterm infant feeding [7,37,42].

Gestational 
age Feeding skills Initial feeding method

<28 weeks Inadequate sucking skills; poor 
propulsive gut motility Intravenous fluids

28-31 weeks
Developing sucking bursts; 
poor coordination of suck/

swallow and breathing

Naso-gastric tube feeding; can 
be coupled with occasional 
spoon or paladai feeding

32-34 weeks
Slightly mature sucking; 

beginning of breath/swallow 
coordination

Spoon or paladai feeding

>34 weeks Mature sucking; coordinated 
breathing/swallowing Breastfeeding

Table 2: Decision tool: initiation and advancement of preterm infant feeding [40].
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to provide feedings fortified with extra proteins (or amino acids), 
energy, vitamins, and minerals. 

Fortified human milk

There is considerable evidence supporting the benefits of mother’s 
milk that has been fortified, usually using a commercial formulation 
of Human Milk Fortifier (HMF) [46]. Fortification increases the 
nutrient content of milk without compromising on its benefits. 
Experimental studies suggest that the net nutrient retention with 
HMF is nearly more than the expected intrauterine rates of accretion 
in preterm infants [40]. A Cochrane review in 2004 suggested a short 
term but significantly greater weight gain, head circumference gain, 
and linear growth in preterm infants fed with fortified human milk 
as compared to the breast milk only group [34]. However, in a recent 
update of this Cochrane review, the authors concluded that the data 
available on human milk fortification is limited and does not provide 
strong evidence on the benefits of multi-nutrient fortified breast milk 
compared with unfortified breast milk in preterm infants [48]. The 
review suggested that human milk fortification was associated with 
slightly higher in-hospital growth rates. The manufacturers of HMF 
in India are limited, and there is an urgent need of introducing a high 
quality HMF in the Indian market. 

Human milk fortification in preterm infants <32 weeks is 
started once they reach 150 mL/kg/day of enteral feeds at a dose 
recommended by the manufacturer. They are also started on iron at 
4-6 weeks at a dose of 2 mg/kg/day. Fortification is continued until 
the infant reaches 40 weeks or attains 2.5 kg, whichever is earlier [40].

Preterm formula

When the supply of mother’s milk is insufficient or unavailable, 
an infant formula designed for preterm infants is considered the next 
best option, as advised by both European and US pediatric nutrition 
experts [10,41,45].

Although there is little evidence on when the HMF or preterm 
formula should be stopped, it is preferable to change the preterm 
formula to standard formula or stop adding HMF when infants reach 
2.5 kg of weight and 40 weeks of gestational age [49].

In summary, preterm infants have high requirements for macro- 
and micronutrients to promote survival, maintain growth, and 
support brain and body development. Regardless of whether the 
infant is being fed parenterally, enterally, or orally, caregivers must 
be mindful of providing nutrient content that will meet each infant’s 
needs. For enteral tube feeding and oral feeding, mother’s milk is 
always preferred and considerable evidence supports its benefits. 
However, nutrients must be added by mixing expressed breast milk 
with HMF to achieve adequate supplies of protein, energy, and vital 
vitamins and minerals.

Human Milk Banking: The Viable Alternative

Pasteurized donor human milk is considered the next best 
option when mother’s milk is unavailable or insufficient [49]. The 
World Health Organization (WHO) states that human milk from 
other sources should be the first alternative when mother’s milk is 
unavailable and Human Milk Bank‘s (HMBs) should be available in 
appropriate situations [50].

Given the highest number of low birth weight infants in India 
with significant morbidity and mortality, the concept of human milk 
banking can be beneficial in this population. However, human milk 
banking is still in its infancy in India owing to the lack of awareness 
and leadership, infrastructural and maintenance costs. The first HMB 
was founded in the year 1989 in Mumbai and currently there are 
approximately 25 HMBs across India. Currently, there is a dire need 
for HMBs at all levels, including level II and III facilities [50].

Birth 
weight 

(g)

Starting 
volume (ml/kg/

day)

Volume increment 
each day (ml/kg/

day)

Maximum 
volume (ml/kg/

day)

Frequency 
of feeds

<1200 10-20 20 180 Every two 
hours

1200-
1600 60 30 180 Every two 

hours

>1600 60 30 150 Every three 
hours

Table 3: Feeding volumes and frequency as per the birth weight of preterm 
infants [43].

Energy 110-120 kcal/kg/day

Carbohydrates (glucose) 4-8 mg/kg/min (starting dose)

Linoleic acid 0.25 g/kg/day

Iron 200 µg/day

Zinc 450-500 mg/kg/day

Sodium

First month of life 3-5 mmol/kg/day

Potassium

First month of life 2-5 mmol/kg/day

Calcium 1.0-4.0 mmol/kg/day

Phosphorus 0.75-3.0 mmol/kg/day

Vitamin E (tocopherol) 2.8-3.5 IU/kg/day

Table 4: Recommended nutrient intake in preterm infants [44].

For VLBW Proposed intake recommendation

Energy 110-135 kcal/kg per day

Protein

Weight up to 1000 g 4.0-4.5 g/kg/day

Weight 1000-1800 g 3.5-4.0 g/kg/day

Carbohydrates 10-5-12.0 g/100 kcal

Lipids 4.8-6.6 g/kg per day; medium-chain triglycerides should 
be <40% of total intake per 100 kcal

Calcium 109-182 mg per 100 kcal

Phosphorus 55-127 mg per 100 kcal

Magnesium 7.5-13.6 mg per 100 kcal

Vitamin D, IU/day 800-1000

VLBW: Very low 
birth weight

Table 5: Nutrient requirements for preterm infants as per ESPGHAN 
recommendations [45].
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Outcome Monitoring and Post-Discharge Follow-Up

The guiding principles for feeding preterm infants are (1) to 
provide nutrients to approximate the rate of growth for a normal 
fetus of the same postmenstrual age, (2) to maintain normal 
concentrations of nutrients in blood and tissues, and (3) to achieve 
acceptable functional development [51].

Monitoring
For anthropometric measures, daily monitoring of weight 

and weekly measurement of length and head circumference are 
recommended in the Neonatal Intensive Care Unit (NICU), with 
measurement of all 3 parameters at each clinical visit after discharge. 
For growth assessment, plotting results (by sex) for weight-for-age, 
length-for-age, and head circumference by gestational age using the 
Fenton 2013 charts for preterm infants up to 50 weeks of gestation is 
advised (Figure 2) [52].

Growth restriction is flagged by plots falling downward across 
percentile lines, and growth failure is likely for infants who fall below 
the 10th percentile. For infants older than 50 weeks of gestation, 
growth is plotted for corrected age on the WHO growth charts for 
infants (http://www.who.int/childgrowth/standards/en/).

Importance of Catch-Up Growth 

The term “catch-up growth” refers to increase in the weight or 
length gain velocity after a period of nutrition restriction. Majority 
of preterm infants have poor growth with a weight that is lower than 
the infant’s birth centile at discharge. In addition, catch-up growth in 
preterm infants after discharge occurs at a different phase compared 
to term infants after birth and therefore, the long-term consequences 
also vary accordingly [52,53]. The extent to which catch-up growth 
occurs depends on several factors, including the severity and duration 
of restriction. A weight gain of at least 20 g/day is typically acceptable 
in a healthy breast fed preterm infant after discharge [52].

Follow-Up with Infants and Parents

Early nutritional deficits in preterm infants have serious adverse 
consequences [2,12,14,17-19], and nutritional interventions can 
improve outcomes [10,11,26-28,31,32]. Thus, regular post-discharge 
follow-up is highly important for preterm infant growth monitoring 
and for parent counseling on feeding [54].

Summary and Conclusion

Neonatologists from India have designed nutrition care guidelines 
and decision tools for feeding infants who are born prematurely. The 
rates of premature births range between 5% and 18% worldwide. The 
rates of premature births in India are mid-range at 13%; therefore, 
there is much room for improvement in India as compared to 
elsewhere in the world. 

• Recommendations for feeding preterm infants include prompt 
and progressive feeding by way of early parenteral feeding, advancing 
to orogastric or nasogastric enteral tube feeding, and ultimately the 
use of oral feeding. 

• The importance of human milk for feeding infants born 
prematurely is emphasized, but fortification with Human Milk 

Fortifier (HMF) to ensure healthy growth and development is also 
advised. If mother’s milk is not available and donor milk is available, 
it should be used. However, if human milk is limited in supply or 
unavailable, the use of preterm infant formulas is advised.

• The objective of providing adequate and timely nutrients 
and maintaining hygiene in preterm infants is to reduce the risk of 
infection/sepsis, improve catch-up growth, and reduce the incidence 
of cognitive impairment and developmental delays among infants 
born prematurely in India. 

• Attentive monitoring of growth and development through 
the first year of life and beyond is advised to ensure that each infant 
is fed nutrients sufficient to support both physical growth and 
neurodevelopment.

Prompt progressive feeding along with robust follow-up and 
outcome monitoring is an effective strategy to promote intact 
survival of infants born prematurely. Moving forward, this up-to-
date preterm feeding guidance can be used as a basis for nutrition 
education and training programs for physicians and other neonatal 
care professionals throughout India. Importantly, there is a need for 
the development of Indian policies and direct support to enhance 
hospital and community sites for the care of preterm infants, 
including equipment, staff training, infant follow-up, and parent 
counseling services.
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