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Abstract 

Premature infants have less nutritional storage capacity and an underdeveloped body, which makes them particularly susceptible 

to malnutrition. Nutrient surplus and deficiency are possibilities when supplemental feeding is unbalanced. However, little is 

known about what kids should eat once they are discharged from the hospital. Since many bodily processes depend on 

micronutrients, it's critical to plan supplemental nutrition with an optimum consumption in mind. This written summary 

describes the requirements for long-chain polyunsaturated fatty acids (LCPUFA), iron, zinc, vitamin D, calcium, and phosphate 

for premature newborns receiving supplemental feeding. The scientific community is beginning to acknowledge the advantages 

of giving premature babies iron and vitamin D supplements. But as of right now, there isn't enough information available to make 

firm recommendations about the addition of calcium, phosphorus, zinc, and LCPUFAs. Nonetheless, the health of premature 

infants depends on the following micronutrients: Large chain polyunsaturated fats (LCPUFAs) support the development of the 

retina and brain, while calcium and phosphorus dosages are necessary to prevent metabolic bone disease (MBD) in preterm 

infants. It is obvious how understanding the variability of the premature population may help adapt nutritional planning in 

connection to the development rate, comorbidities, and thorough clinical history of the preterm newborn, even while we wait for 

consensus on these micronutrients. 
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1. Introduction 

The World Health Organization reports that in 62 of the 65 

countries where trend data is available, preterm birth rates have 

grown within the last 20 years. Premature birth complications 

claim the lives of over a million children annually. Preterm 

births are the leading cause of newborn mortality and, after 

pneumonia, the second most prevalent cause of death for chil-

dren under five. Furthermore, there is a higher chance of un-

favorable developmental abnormalities among preterm birth 

survivors [1]. They had higher rates of adverse health outcomes 

in early adulthood [2] as compared to their term counterparts. 

Because many organs are remarkably flexible throughout 

fetal development and infancy, and because they are sensitive 

to environmental cues such as food, this period of develop-

ment offers a vital temporal window for predicting future 

health [3]. Newborns' appropriate growth and development 

depend on their dietary demands being satisfied, yet even 

brief nutritional deficiencies can have a negative impact on 

long-term health [4]. Preterm infants (born before 37 weeks of 

gestation) have higher nutritional needs in terms of both 

macronutrients and micronutrients because of the lower level 

of nutrients in the body stores at birth, the immaturity of the 

body systems, the need for rapid postnatal growth, and the 

occurrence of acute illnesses. Adequate and prompt nutri-

tional supplementation has been advised for preterm babies in 

order to prevent malnutrition and limit postnatal growth re-

tardation [5, 6]. By doing this, there will be less of a need for 

quick growth to catch up, which is linked to worse metabolic 

outcomes in later life. A growing body of research suggests 

that effective dietary treatment might lead to excellent neu-

rodevelopmental outcomes while lowering the likelihood of 

developing comorbidities such sepsis, metabolic bone disease 

(MBD), and severe retinopathy of prematurity [7, 8]. 

There is broad agreement about the nutritional requirements 

for preterm newborns throughout their hospital stay; the pillars 

of their treatment are early enteral and parenteral assistance [9, 

10]. Because breast milk has so many health advantages, it is 

strongly advised as the first choice for enteral feeding [11, 12]. 

On the other hand, little is known about the best nutritional 

therapy for preterm newborns once they leave the hospital [13]. 

Most people agree that preterm neonates need certain nu-

trients during their hospital stay; early enteral and parenteral 

support are the cornerstones of their care [9, 10]. Breast milk 

is often recommended as the primary option for enteral 

feeding due to its numerous health benefits [11, 12]. However, 

once preterm neonates leave the hospital, little is known re-

garding the optimal nutritional therapy [13]. There are no 

precise criteria for the introduction of supplemental meals to 

preterm neonates, despite the fact that recommendations for 

term newborns cannot be applied to preterm infants due to 

their unique nutritional demands and neurological trajectories, 

which include feeding problems [9, 14, 15]. When planning to 

introduce complementary foods to preterm children, their past 

feeding histories—which may include exclusive breastfeed-

ing, fortification, the use of post-discharge or conventional 

formulas—should be taken into account. Growth trends, in-

cluding the attainment of catch-up growth, and the existence 

of feeding issues are additional aspects to take into account [9]. 

After being discharged from the hospital, preterm children get 

iron and multivitamin supplements; however, the duration and 

quantity of these treatments vary greatly [16-18]. 

2. Nutrition Is One Major Factor 

Affecting Preterm Newborns' 

Developmental Outcomes 

Nutrition has a critical role in a premature neonatal low 

birth weight (LBW) child's growth, metabolism, and immun-

ity [19-21]. In premature babies, poor nutrition is associated 

with decreased head growth, which results in impaired psy-

chomotor and cognitive development, a higher risk of cerebral 

palsy, and autism [22]. The aberrant weight and growth of 

preterm infants is highly associated with poor adult neuro-

developmental outcomes [23]. Furthermore, babies with 

LBW have an increased risk of type 2 diabetes, hypertension, 

and coronary heart disease in adulthood, according Barker's 

idea [24, 25]. 

3. Vital Micronutrients for Infants Born 

Preterm and with Low Birth Weight 

3.1. An Important Micronutrient for Preterm 

LBW Infants Is Iron 

Because iron is essential for the synthesis of hemoglobin 

(Hb), oxygen transport, and other enzymatic processes, such 

as the generation of cellular energy, it is regarded as a neces-

sary nutrient [26]. Because of the placenta's active transport, 

the majority of the iron supply accumulates during the second 

trimester of pregnancy. Approximately 75 mg/kg of iron is 

present in term newborns; 75–80% of this is found in hemo-

globin (Hb), 10% is found in tissues as iron-containing pro-

teins (myoglobin and cytochromes), and the remaining 

10-15% is found in forms of stored iron, such as ferritin and 

hemosiderin [26]. 

Prenatal variables including the mother's iron status and the 

likelihood of iron transfer to the unborn child, as well as 

postnatal events like cord clamping, affect the quantity of iron 

deposited upon birth. It has been proposed that postponing 

cord cutting improves both term and preterm newborns' iron 

status and perinatal hemoglobin transfer [27]. How success-

fully iron homeostasis is maintained throughout the first 6–9 

months of life depends on the baby's iron status at birth since 

insufficient absorption and the relatively small amount of 

breast milk create a physiological drop [28]. 
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Because prematurity inhibits placental translocation, pre-

term neonates' iron reserves upon delivery are decreased 

based on gestational age and birth weight [29]. Fetal iron 

storage may be impacted by maternal hypertension, diabetes, 

iron deficiency anemia in mothers, and intrauterine growth 

retardation [29, 30]. Other pregnancy-related factors, such 

obesity and numerous pregnancies, may further decrease the 

iron stores of premature neonates [31]. 

 
Figure 1. Nutritional parameters affecting positively or negatively the development of the immune system and the risk of noncommunicable 

diseases during the first 1000 days of life [96]. 

Preterm babies have lower iron reserves upon delivery 

based on birth weight and gestational age because prematurity 

inhibits placental translocation [29]. Fetal iron storage can be 

affected by a number of conditions, including intrauterine 

growth retardation, maternal hypertension, diabetes, and iron 

deficiency anemia in mothers [29, 30]. Obesity and repeated 

pregnancies are two more pregnancy-related factors that may 

further lower the iron levels of premature babies [31]. 

Given that blood transfusions are given to infants with very 

low birth weights (ELBW) and very low birth weights 

(VLBW) at least once during their hospital stay, preterm ne-

onates may be at risk [33]. Due to the established links be-

tween early blood transfusion exposure and higher mortality 

and short-term morbidities, stricter blood transfusion regula-

tions have been called for in recent years, particularly for 

extremely preterm neonates [34]. The kind of feeding, the 

quantity and timing of blood transfusions, and the clinical 

history of the premature child should all be taken into account 

when planning iron supplementation in this case. If after 

discharge processed milk is not supplied or is not fortified, 

feeding only human milk will not satisfy the high iron re-

quirements [35]. 
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Figure 2. Iron Homeostasis Disruption and Oxidative Stress in Preterm Newborns [97]. 

3.2. Zinc Is an Essential Component for Preterm 

Low Birth Weight Infants 

Zinc's structural, catalytic, and regulatory properties make 

it necessary for all stages of the cellular life cycle. It is nec-

essary for bone formation, growth hormone regulation, gus-

tatory function, hunger [37-39], immunological modulation 

(phagocytosis and cellular immunity) [36], and tissue integrity, 

especially at the respiratory and gastrointestinal levels. Since 

the body lacks the ability to generate zinc and does not have a 

suitable mechanism for storing or releasing it, zinc must be 

eaten frequently [38, 40]. During the first several months of 

breastfeeding, the amount of zinc in colostrum gradually 

drops, from 8–12 mg/L to 1-3 mg/L at one month of age [41]. 

Interestingly, it has been shown that preterm human milk has 

much less over the first two months of corrected age zinc than 

term milk [26, 42]. Between 1.5 and 6 mg/L of zinc can be 

found in baby formula. 

At 40 weeks post pregnancy age, preterm newborns have 

decreased zinc levels than term neonates because their blood 

zinc concentration falls during the first few months of life [41]. 

It is challenging to detect zinc deficiency because there are no 

reliable markers for zinc levels. Serum zinc concentration 

measurement is still the most accurate biomarker of zinc 

shortage, despite a number of drawbacks [41, 43]. 

 
Figure 3. Zinc role in growth and brain growth and development [98]. 
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There is no universally accepted recommendation for the 

amount, timing, or duration of preventative zinc supplemen-

tation [44]. Keep in mind that using supplements containing 

zinc may impact the absorption of other microelements such 

as copper and iron, and vice versa [45]. The exact etiology of 

zinc deficiency and anemia is unknown [46]. In order to 

maintain adequate copper retention at the zinc doses recom-

mended by the authors (1.8-2.4 mg/kg/d for formula-fed ba-

bies and 2.3-2.4 mg/kg/d for breastfed infants), a research by 

Griffin et al. found that copper intakes need to be increased up 

to 250 mcg/kg/d [47]. 

Given that zinc lacks pro-oxidant properties and that an 

overdose seldom has harmful effects, it is recommended to 

provide zinc supplements to infants throughout their first year 

of life based on the information that is currently available [47, 

48]. Zinc supplementation should be carefully considered for 

prematurely breastfed babies with limited development [49]. 

3.3. Premature Babies Frequently Experience 

Early Neonatal Hypocalcemia; This Is 

Where Calcium and Phosphorus Come in 

The third trimester of pregnancy is when the majority of 

bone mineralization happens [50]. In actuality, osteoblasts 

deposit 80% of the available bone material during this time. In 

order to carry out this process, active placental transport of 

calcium and phosphorus is necessary, resulting in a physio-

logical state known as "fetal hypercalcemia" that is necessary 

for the formation of bones. To the growing fetus, the placenta 

transports calcium (120 mg/kg/day) and phosphorus (60 

mg/kg/day) [51]. When breathing starts, the pH of the blood 

rises, which in turn raises the levels of parathormones and 

lowers the concentration of calcium ions. Due to the begin-

ning of mineral resorption from the aging bone, this process 

also results in a drop in bone mineral density that can last for 

up to six months [52]. 

However, bone integrity is preserved in term newborns. On 

the other hand, preterm neonates have a noticeably higher 

prevalence of osteopenia. Premature birth effectively stops 

this process, effectively stopping the creation of bone material. 

After delivery, when the body adjusts to life outside the uterus, 

this deficit gets worse. Actually, a number of variables, in-

cluding poor gastrointestinal motility and tolerance, the use of 

drugs like theophylline and furosemide that increase excretion 

of calcium, and poor gastrointestinal tolerance, cause chal-

lenges for premature newborns when it comes to absorbing 

calcium [52]. 

MBD, or metabolic bone disease, is a disorder more fre-

quently linked to premature births. In addition to radiographic 

evidence of bone demineralization and clinical manifestations 

such rickets, expansion of the cranial sutures, frontal bossing, 

and softening or fractures of the ribs and other bones, it is 

typified by hypophosphatemia and hyperphosphatasemia [53]. 

The increased sensitivity of preterms to MBD can be ex-

plained by the combined effect of these risk factors. Accord-

ing to reports, MBD affects 23% of babies with a very low 

birth weight (VLBW 1500 g) and 55% of neonates with a very 

low birth weight (ELBW 1000 g). Simultaneously, kids born 

before 28 weeks of pregnancy seem to experience it more 

frequently [54]. 

 
Figure 4. Diagnostic evaluation for hypercalcemia [99]. 
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MBD, or metabolic bone disease, is a disorder more fre-

quently linked to premature births. In addition to radiographic 

evidence of bone demineralization and clinical manifestations 

such rickets, expansion of the cranial sutures, frontal bossing, 

and softening or fractures of the ribs and other bones, it is typ-

ified by hypophosphatemia and hyperphosphatasemia [53]. 

The increased sensitivity of preterms to MBD can be explained 

by the combined effect of these risk factors. According to re-

ports, MBD affects 23% of babies with a very low birth weight 

(VLBW 1500 g) and 55% of neonates with a very low birth 

weight (ELBW 1000 g). Simultaneously, kids born before 28 

weeks of pregnancy seem to experience it more frequently [54]. 

4. Vitamin D Insufficiency Occurrence 

Frequency Is High in Many Regions of 

the World 

The importance of vitamin D and its supplementation has 

grown over the last several years. Along with its 

well-documented impact on bone mineralization, many sup-

plementary metabolic processes classified as "extra-skeletal" 

have also been extensively investigated [55]. The effects of this 

vitamin outside of the skeletal system have been the focus of 

further investigation. Many studies have classified vitamin D as 

a hormone. It has been demonstrated by researchers to control 

the expression of more than 1250 genes [56]. In fact, among the 

many recently reported activities, we find anti-tumor actions 

[57], modulation of the inflammatory function [58], and de-

fense against cardiovascular risk factors [59] through a range of 

metabolic pathways that are now poorly understood. 

The majority (>90%) of vitamin D is produced by skin ex-

posure to sunlight; dietary intake has very little bearing on this 

process. Despite the great efficiency of the process of synthe-

sising vitamin D from sunshine, the production of vitamin D is 

compromised during the winter months due to a decrease in 

solar hours [60]. Moreover, the American Academy of Pediat-

rics (AAP) advises against exposing a baby to direct sunlight 

until they are six months old if they are not sheltered from the 

elements [61]. Over half of neonates have hypovitaminosis D, 

according to epidemiological research [55]. When the blood 

concentration of 25-OHD is between 20 and 30 ng/mL, this 

absence of vitamin D is classified as an insufficiency; if it is 

less than 20 ng/mL, it is classified as a deficiency [62]. The 

prevention of vitamin D insufficiency is most important during 

the first year of life. The ability of the baby to accumulate 

vitamin D is strongly impacted by the mother's vitamin D status, 

as seen by the positive correlation found between cordonal or 

neonatal levels of 25-OHD [63]. There may be additional ef-

fects due to maternal supplementation, ethnic background, and 

birth season [62, 63]. Infants are particularly susceptible to 

vitamin D insufficiency because of their rapid development, 

particularly if they are nursed exclusively. This is due to the 

fact that the 80 UI/L of vitamin D found in human milk is in-

sufficient to prevent deficiency. Moreover, formula milk en-

riched with 400 UI/L of vitamin D or breast milk alone may not 

provide an appropriate amount of the vitamin [55]. 

Prophylaxis must begin during the first few days of life 

since vitamin D has a half-life of about two to three weeks and 

neonatal storage is correlated with the mother's condition. 

When preterm babies reach the term corrected age (40 weeks 

gestational age), the majority of Neonatal and Pediatric So-

cieties support continuing the same recommended dose of a 

term neonate (400 UI/day), as indicated in Table 1. 

Table 1. Summary of Vitamin D supplementation in preterm infants up to term corrected age [26, 32]. 

AAP 2013 ESPGHAN 2010 Other Guidelines 

Birth Weight <1500 g: 200-400 IU/day   

 400—800UI/day 800—1000UI/day 

Birth Weight >1500 g: 200-400 IU/day   

AAP: American Academy of Pediatrics; g: grams; UI: International Unit; ESPGHAN: European Society for Paediatric Gastroenterology 

Hepatology and Nutrition 

A comprehensive evaluation of the risk factors for hy-

po-vitaminosis D may serve as a useful screening tool to 

identify a possible deficient state and promptly start the 

recommended prophylactic treatment. Regardless of the 

method of feeding, vitamin D supplementation should start in 

the early stages of life and go well into the neonatal period 

because even higher dosages of the vitamin don't seem to offer 

a significant risk of side effects, and overdosing is rare [55]. 

5. Nutrition's Beneficial Effect in 

Primitive Stage of Life 

Longer-term increases in verbal intelligence quotient (IQ) 

scores and cognitive function have been associated with im-

proved nutrition in the early postnatal periods of preterm 
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newborns [64, 65]. When it came to their mental development 

index scores and likelihood of experiencing growth retardation 

by the time they were 18 months old, very low birth weight 

(LBW) neonates who received more protein and calories in the 

first week after delivery performed better [66]. An increase in 

head circumference and quicker head growth have also been 

related to preterm newborns' earlier and greater protein and 

calorie intake [67, 68]. Improved cognitive results have also 

been positively correlated with an increase in head circumfer-

ence [69]. To maintain the growth and developmental out-

comes, preterm newborn LBW newborns may receive early, 

intense nutritional enteral and parenteral treatment [70]. 

6. Feeding Procedure for Premature Live 

Births (Low Birth Weight) 

6.1. Growth Rate with Basic Nutritional 

Practices 

Enteral basic feedings (10 mL/kg/day) Preterm infants are 

commonly given enriched human milk, parenteral nutrition 

with amino acids and lipids, donor milk (in the case that 

mother milk is not available), and basic enteral feeds [71]. 

Even with normal treatments, preterm infants may not always 

reach their full developmental potential. Postnatal growth 

restriction cannot be avoided by the dietary approaches now 

used to treat intrauterine growth restriction (IUGR) and pre-

term neonates [72]. For preterm live birth (LBW) children, 

extrauterine growth restriction, or EUGR, is a serious issue; 

the incidences for head circumference, weight, and length are 

around 28, 34, and 16%, respectively [73]. Preterm and very 

low birth weight (LBW) newborns hospitalized to the neo-

natal critical care unit have a growth rate that has a significant 

impact on their neurodevelopmental and growth outcomes in 

later life [74, 75]. 

6.2. Existing Nutritional Strategies 

EBM, EBM that has been supplemented, and formula milk 

are the enteral feeding alternatives for preterm newborns [75]. 

6.2.1. Expressed Breast Milk 

Due to its many intrinsic benefits, breast milk should be the 

milk of choice for supplying nourishment to premature LBW 

newborns. 

Table 2. Consensus recommendations on the use of mother’s milk for feeding preterm infants [76-92]. 

Recommendations in agreement about the use of breast milk to nourish premature infants: 

Mother-expressing breast milk is the primary option for human milk used to nourish preterm newborns; donor pasteurized human milk is 

the second option. 

The term "donor pasteurized human milk" should be used for donor milk. 

Human milk should be pasteurized in a pasteurizer; donor human milk should never be served unpasteurized. 

Donor pasteurized human milk should be screened for bacterial growth, hepatitis B antigen (HBsAg), hepatitis C virus (HCV), HIV, and 

venereal disease using pertinent tests and cultures. 

Within six months of donating milk, the donor mother should also be tested for HIV, HCV, HBsAg, and venereal disease. 

Pooled milk may be utilized if there are local milk banks, as long as the right permissions have been granted. 

When it comes to pasteurizing pooled tiny aliquots of breast milk, milk banks should communicate with agencies. 

Although the human milk analyzer is a useful tool to analyze the nutrient content of human milk and enable subsequent fortification, it is 

currently only being used as a research tool and not in day-to-day clinical practice. 

Donor human milk may be stored at -20°C for six months. Preterm infants should not be fed milk stored for more than three months. In 

everyday clinical situations, the conventional fortification technique is advised. 

 

While there are many advantages to nursing human milk, it is 

important to determine if it can meet the higher nutritional 

needs of preterm infants. The greatest sources of nutrition for 

premature children, according to ESPGHAN, are supplemented 

human milk—ideally from the infant's own mother—or for-

mula milk designed especially for preterm neonates [93]. 

6.2.2. Improved Human Milk 

Fortified breast milk can help when an infant's nutritional 

demands cannot be met by EBM [76]. The goal of fortifica-

tion is to increase the nutritional content to the point that the 

infant's demands may be satisfied with normal feeding vol-

umes [94]. One nutrient (mono-component) or several nutri-

tional combinations (multi-component) can be used in forti-

fication. The National Neonatology Forum of India [95] states 

that a baby should get multicomponent fortification if they are 

under 32 weeks gestational age or weighed less than 1,500 g at 

birth and are not gaining weight while receiving full quantities 
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of breast milk (up to 180–200 mL/kg/day). 

6.2.3. Formula Milk 

Formula milk contains all essential nutrients and is specif-

ically designed to meet the requirements of LBW infants [76]. 

7. Conclusions 

Prematurity implies a higher risk of illness and mortality. 

Preterm newborns need to get early, adequate nutritional 

supplements to minimize adverse metabolic effects. There is 

currently a lack of global agreement on the supply of iron, 

zinc, calcium, phosphate, vitamin D, and LCPUFAs to pre-

term newborns upon discharge and during their first year of 

life. Nevertheless, the literature to far documents very few, if 

any, adverse effects from their supplementation. Furthermore, 

the positive effects of these substances on the body as a whole 

become more apparent as our knowledge of these micronu-

trients expands. 

It seems reasonable to us to propose that supplementing 

preterm infants with these nutrients may provide more bene-

fits than drawbacks. This is particularly valid for breastfed 

preterm infants. Breast milk is still the best choice for this 

group, but it is clear that the concentration of a number of 

micronutrients, especially LCPUFAs, depends entirely on the 

diet and deposits of the mother. The review highlights the 

information gap in the literature on premature supplementa-

tion and the necessity of large-scale, randomized trials to 

address these issues. 
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