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Abstract: Preterm newborns are more likely to experience malnutrition because they have undeveloped body systems and
lower levels of body storage for nutrients. Complementary feeding that is out of balance increases the risk of nutritional excesses
and deficiencies. However, there is little information on their dietary needs after leaving the hospital. Appropriate micronutrient
intake should be taken into account when planning supplemental feeding because of their crucial role in supporting numerous
bodily processes. This narrative review provides an overview of the requirements for long-chain polyunsaturated fatty acids
(LCPUFAs), iron, zine, vitamin D, calcium, and phosphate supplementation in preterm babies during supplemental feeding. The
scientific community is beginning to comprehend the benefits of giving iron and vitamin D supplements to specific subgroups of
preterm infants. On the other hand, there isn't enough information yet to provide precise suggestions for the inclusion of
LCPUFAs, zinc, calcium, and phosphorus. But the preterms' health depends on these micronutrients: While calcium and
phosphorus supplements are important to prevent metabolic bone disease (MBD) in preterm infants, LCPUFAs can promote the
development of the retina and the brain. While we wait for consensus on these micronutrients, it is clear how knowledge of the
heterogeneity in the premature population may help modify nutritional planning in connection to the growth rate, comorbidities,
and detailed clinical history of the preterm baby.

Keywords: Preterm Low Birth Weight Infants, Optimizing Nutrition, Enteral Feeding, Expressed Breast Milk,
Complementary Feeding, Micronutrients, Fortification

premature delivery kill over a million kids. The major cause of

1. Introduction neonatal mortality and the second most common cause of
death in children under the age of five, behind pneumonia, are

Preterm birth rates have increased over the past 20 years in ~ preterm births. Additionally, preterm birth survivors are more
62 of the 65 nations with trend data available, according to the  likely to experience negative progressive infirmities [1].
World Health Organization. Every year, problems from  Compared to their term peers, they have greater rates of
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unfavorable health outcomes in early adulthood [2].

Fetal development and infancy offer a key temporal
window for predicting future health since many organs are
extremely flexible at this period of development and are
sensitive to diet and other environmental signals [3]. The
normal growth and development of newborns depends on their
dietary needs being met, but nutritional shortfalls, even those
that last only a short time, can have detrimental effects on
long-term health [4]. Due to the lower level of nutrients in the
body stores at birth, the immaturity of the body systems, the
requirement for rapid postnatal growth, and the occurrence of
acute illnesses, preterm infants (born before 37 weeks of
gestational age) have high nutritional requirements in terms of
both macronutrients and micronutrients. Preterm babies
should get appropriate and timely nutritional supplements,
according to recommendations [5, 6], in order to avoid
malnutrition and limit postnatal development retardation. This
will lessen the need for rapid catch-up growth, which is
associated with poor metabolic outcomes in the late stages.
According to an increasing body of evidence, proper
nutritional therapy greatly reduces the risk of contracting
comorbid conditions including sepsis, metabolic bone disease
(MBD), and severe retinopathy of prematurity while
improving neurodevelopmental outcomes [7, 8].

It is commonly accepted that preterm neonates require early
enteral and parenteral support as the cornerstone of their
nutritional care throughout their hospital stay [9, 10]. Breast
milk is explicitly recommended as the primary choice for
enteral feeding due to its many health benefits [11, 12].
However, research on the appropriate nutritional management
for preterm neonates after hospital discharge is scant [13].

According to the kind and rate of catch-up growth, nutritional
requirements, and neurodevelopmental and metabolic problems,
it has been suggested to use a tailored approach [9]. The
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supplemental feeding phase has received little attention in this
context, despite the fact that it increases the risk of nutritional
excesses and deficiencies in preterm children, particularly if they
have postnatal growth retardation and aberrant body composition
[14]. Although recommendations for term infants cannot be
applied to preterm infants due to their specific dietary needs and
neurological trajectories, which include feeding problems [9, 14,
15], there are no clear guidelines for the introduction of
supplementary meals to preterm newborns. Preterm infants' prior
feeding history (exclusive breastfeeding, fortification, use of
post-discharge or standard formulas), growth patterns, including
the achievement of catch-up growth, and the presence of eating
difficulties, should all be taken into consideration when planning
the introduction of complementary foods [9]. Preterm children
are given iron and multivitamin supplements after being released
from the hospital, while the length of time and amount of these
supplements varies substantially [18].

2. Nutrition: A Key Aspect Affecting
Preterm Infants' Developmental
Outcomes

For growth, metabolism, and immunity in a preterm neonatal
low birth weight (LBW) kid, feeding is essential [19-21]. Poor
nutrition is linked to slower head growth in preterm infants; this
leads to worse psychomotor and cognitive development, greater
incidence of cerebral palsy, and autism [22]. Preterm babies'
abnormal weight and growth are strongly linked to poor
neurodevelopmental outcomes in adulthood [23]. Additionally,
according to Barker's theory [24, 25], As adults, type 2 diabetes,
hypertension, and coronary heart disease are more likely to
affect neonates with LBW.
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Figure 1. Nutrition-related factors influencing the immune system's growth and the risk of noncommunicable illnesses during the first 1000 days of life [96].
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3. Important Micronutrients for the
Preterm Low Birth Weight Infants

3.1. Iron — An Essential Micronutrient for Pre-Term LBW
Infant

Due to its critical function in the synthesis of hemoglobin
(Hb), oxygen transport, and a number of enzymatic activities,
including the creation of cellular energy, iron is regarded as an
important nutrient [26]. The bulk of the iron supply increases
during the third trimester of pregnancy as a result of active
transport in the placenta. A term newborn's iron concentration
is typically approximately 75 mg/kg, of which 75-80% is
found in hemoglobin (Hb), 10% is present in tissues as
iron-containing proteins (myoglobin and cytochromes), and
the remaining 10-15% is stored iron (ferritin and hemosiderin)
[26]. How much iron is stored at birth depends on prenatal
factors including the mother's iron status and the possibility of
iron transfer to the baby, as well as perinatal events like cord
clamping. Delaying cord clamping has been hypothesized to
improve perinatal Hb transfer and improve the iron status of

both term and preterm neonates [27]. A good iron status at
birth is essential for maintaining iron homeostasis throughout
the first 6-9 months of life, when a physiological decline
occurs due to poor absorption and the comparatively low
content in breast milk [28].

The iron reserves of preterm newborns at delivery are
lowered according to gestational age and birth weight because
prematurity prevents placental transfer [29]. Intrauterine
growth retardation, maternal hypertension, diabetes, and iron
deficiency anemia in mothers may all have an impact on the
fetal iron storage [29, 30]. The iron reserves of the preterm
newborn may be further depleted by additional
pregnancy-related variables such repeated pregnancies and
obesity [31].

In actuality, all of these diseases, which are frequently
linked to preterm delivery, might result in chronic placental
insufficiency, which reduces prenatal iron transport.
Additionally, the body's iron reserves may be further depleted
by preterm newborns' quick growth recovery, the requirement
to start erythropoiesis early in development, and frequent
infusions [32].
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Figure 2. Oxidative Stress and Iron Homeostasis Disruption in Preterm Newborns [97].

Blood transfusions may be risky for preterm babies given
that infants with extremely low birth weight (ELBW) and very
low birth weight (VLBW) get at least one blood transfusion at
least once during their hospital stay [33]. More rigorous blood
transfusion rules have been asked for in recent years, notably
for the extremely preterm neonates, as a result of the
correlations between early exposure to blood transfusions and
greater mortality and short-term morbidities that have been
documented [34]. Planning iron supplementation in this
situation, including the amount and timing of blood

transfusions as well as the kind of feeding, should consider the
preterm newborn's medical history. Feeding purely on human
milk does not provide such high iron requirements if
post-discharge formula milk is not supplemented or if it is not
fortified [35].

3.2. Zinc Plays Key Role for Preterm Low Birth Weight
Infants

Zinc plays a crucial role in every phase of the cellular life
cycle thanks to its catalytic, structural, and regulatory
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capabilities. It is essential for tissue integrity, particularly at
the respiratory and gastro-intestinal levels, and supports
immunological regulation (phagocytosis and cellular
immunity) [36], bone development, growth hormone control,
gustatory function, and appetite [37, 38, 39]. Zinc must be
consumed often since the body cannot produce it and does not
have an appropriate mechanism for storing and releasing it [38,
40]. Over the first several months of breastfeeding, zinc
content progressively decreases from 8—12 mg/L in colostrum
to 1-3 mg/L at one month of age [41]. Surprisingly, through
the first two months of corrected age, it has been shown that

the zinc content in preterm human milk is much lower than
that in term milk [26, 42]. Zinc concentrations in infant
formula range from 1.5 to 6 mg/L.

At 40 weeks post-conceptional age, preterm newborns have
lower zinc levels than term neonates because the blood zinc
content in preterm infants falls throughout the first few
months of life [41]. Due to the absence of reliable indicators
for zinc status, the diagnosis of zinc insufficiency is not simple.
The strongest indicator of zinc shortage is still serum zinc
concentration evaluation, notwithstanding some of its
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Figure 3. Zinc role in growth and brain growth and development [9§].
Regarding the dosage, frequency, and duration of

preventive zinc supplementation, there is no consistent
guidance [44]. It must be remembered that when
supplemented, zinc might affect the absorption of other
microelements, such as iron and copper, and vice versa [45].
Uncertainty surrounds the mechanism through which copper
shortage and anemia may be caused by zinc [46]. According to
a research by Griffin et al., copper intakes must be increased
up to 250 mcg/kg/d to maintain sufficient copper retention at
the zinc intakes recommended by the authors (1.8-2.4 mg/kg/d
for formula-fed newborns and 2.3-2.4 mg/kg/d for breastfed
infants) [47].

Based on the information currently available [47], it is
recommended to give zinc supplements throughout the first
year of life because zinc does not have pro-oxidant qualities
and seldom can an overdose create negative effects [48]. In
particular, preterm breastfed infants with stunted development
should be thought about using zinc supplements [49].

3.3. Early Neonatal Hypocalcemia Is a Common Problem in
Prematurely Born Infants and the Role of Calcium and
Phosphorus

In the third trimester of pregnancy, the majority of bone
mineralization takes place [50]. In actuality, osteoblasts
function during this time to deposit 80% of the bone mineral
stock. The obtainability of calcium and phosphorus through
active placental transport, which results in a physiological
"fetal hypercalcemia" necessary for bone development, is a
need for this process. 120 mg/kg/day of calcium and 60
mg/kg/day of phosphorus are transferred to the embryo
through the placenta [51]. When breathing begins at birth,
blood pH rises, which lowers the amount of calcium ions in
the blood and raises parathormone levels. The beginning of
mineral resorption from the bone that occurs along with this
process results in a drop in bone mineral density that lasts for
up to 6 months of age [52].
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However, in term babies, bone integrity is maintained. On the
other hand, preterm newborns have a much higher risk of
developing osteopenia. This process is abruptly stopped with a
premature delivery, which effectively prevents the creation of
bone mineral. This deficiency becomes worse after a baby is
born because of the transition to extrauterine life. In truth, in
addition to the mechanisms already mentioned for term
newborns, the absorption of calcium in preterm infants is
additionally hampered by poor gastrointestinal tolerance and
motility as well as by the use of drugs that increase its excretion,
such as diuretics (furosemide) and theophylline [52].

Metabolic bone disease (MBD) is characterized by

hypophosphatemia, hyperphosphatasemia, and, in later stages,
radiological findings of bone demineralization or clinical
features like softening or fractures of the ribs and other bones,
enlargement of the cranial sutures, frontal bossing, and rickets
[53]. Preterms are more likely to develop this condition. The
combination of these risk factors explains why preterms are
more vulnerable to MBD. MBD reportedly affects 23% of
infants with very low birth weights (VLBW 1500 g) and 55%
of newborns with very low birth weights (ELBW 1000 g),
according to studies. In addition, babies born
prematurely—before 28 weeks of gestation—seem to
experience it more commonly [54].
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Figure 4. Diagnostic evaluation for hypercalcemia [99].

Given the importance of these two minerals for the health of
the preterm baby and the increased risk of developing MBD, it
seems reasonable to urge that blood tests be used to evaluate the
metabolic status of the bone during the follow-up after discharge.
This may lead to an early diagnosis of osteopenia and the start of
adequate supplements. Additionally, it can help identify kids who
could require greater or longer-term supplementation due to
dietary variances, coexisting diseases, or drug use.

4. The Prevalence of Vitamin D
Deficiency in Preterm Infants Is High
in Several Parts of the World

Over the past several years, the significance of vitamin D and
its supplementation has increased. Additional metabolic
processes labeled as "extra-skeletal" have also been thoroughly
studied, in addition to its well-known effect on bone
mineralization [55]. The focus of research has subsequently
shifted to how this vitamin affects tissues other than the skeletal
system. According to some research, vitamin D is a hormone.
Researchers have established that it can regulate the expression
of more than 1250 genes [56]. In fact, among the numerous
recently discovered functions, we find defense against
cardiovascular risk factors [59], regulation of inflammatory

function [58], and anti-tumor activities [57] through a variety of
metabolic pathways that are now poorly understood [57].

The majority (>90%) of vitamin D is created by skin exposure
to sunlight, with little or no effect from food intake. The
generation of vitamin D is impaired during the winter months due
to a reduction in solar hours, despite the high efficiency of
vitamin D synthesis from sunlight exposure [60]. Additionally,
the American Academy of Pediatrics (AAP) cautions against
exposing young children who are unprotected from the elements
and under the age of six months to direct sunlight [61].

Epidemiological studies have shown that almost 50% of
neonates have hypovitaminosis D [55]. This lack of vitamin D is
categorized as an insufficiency when the blood concentration of
25-OHD is between 20 and 30 ng/mL, and as a deficiency when
it is less than 20 ng/mL [62]. The first year of life is crucial for
preventing the vitamin D shortage. The positive link between
cordonal or neonatal levels of 25-OHD [63] shows that the
maternal vitamin D status directly influences the neonatal store of
vitamin D. Maternal supplementation, ethnic background, and
birth season may also have an impact [62].

Because of their fast growth, infants are especially vulnerable
to a vitamin D deficiency, especially if they are exclusively
breastfed because human milk only provides a small amount of
vitamin D (80 UI/L) to avoid deficiency. A suitable amount of
vitamin D may not be provided by breast milk alone or formula
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milk that has been fortified with 400 UI/L of vitamin D [55].

Since neonatal storage of vitamin D is influenced by
maternal condition and has a half-life of two to three weeks,
prophylaxis must begin within a few days of delivery. When
preterm neonates reach the term corrected age (40 weeks
gestational age), the majority of Neonatal and Pediatric
Societies advise to continue the same recommended dose of a
term neonate (400 Ul/day), as shown in Table 1.

hypovitaminosis D may serve as a useful screening tool to
identify a possible deficiency and start the recommended
prophylaxis as soon as possible. Even higher doses of vitamin
D do not seem to appear to offer a large risk of harmful effects,
and an overdose is not frequent, therefore vitamin D
supplementation should start in the early days of life
regardless of the method of feeding and continue well into the
neonatal age [55].

A thorough evaluation of the risk factors for
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
Birth Weight >1500 g: 200-400 IU/day

800—1000UT/day

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

Nutrition

5. Beneficial Role of Nutrition in Early
Strategies

Long-term gains in cognitive function and verbal
intelligence quotient (IQ) scores of preterm neonates have
been associated to better nutrition throughout the early
postnatal periods [64, 65]. Extremely LBW infants with more
protein and calorie intake in the first week after birth scored
higher on the mental development index and were less likely
to experience growth retardation at 18 months [66]. Early and
higher protein and calorie intake in preterm infants has also
been associated with faster head growth and an increase in
head circumference [67, 68]. Additionally, an increase in head
size has been positively associated with improved cognitive
results [69]. Early aggressive nutritional enteral and parenteral
support may be given to preterm newborn LBW newborns in
order to improve growth and developmental outcomes [70].

6. Feeding Process for Preterm LBW
Infants

6.1.Growth Rate with Standard Nutritional Practices

Basic enteral feeds (10 mL/kg/day), donor milk (in the

absence of mother milk), enhanced human milk, feed
advances of 20 mlL/kg/day, and parenteral nutrition with
amino acids and lipids are frequently given to preterm
neonates [71]. The development of preterm neonates may not
always go as planned, even when standard protocols are
followed. The dietary strategies now employed to treat
intrauterine growth restriction (IUGR)/preterm newborns
cannot prevent postnatal growth restriction [72]. Extrauterine
growth restriction (EUGR) is a significant problem in
premature LBW newborns, with incidence rates for head
circumference, weight, and length of around 28, 34, and 16%,
respectively [73]. The growth rate of preterm and extremely
LBW neonates hospitalized in the neonatal critical care unit
has a significant impact on neurodevelopmental and growth
outcomes in later life and consequences for neurodevelopment
and growth in later life [74].

6.2. Present 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
optimal milk for supplying nourishment to premature LBW
newborns.

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

Consensus recommendations on the use of mother's milk for feeding preterm infants:
* The first choice of human milk for feeding preterm infants is expressed breast milk from the mother; the second choice is donor pasteurized human milk.

* "Donor pasteurized human milk" should be the term used for donor milk.

* A pasteurizer should be used for pasteurization of human milk; unpasteurized milk should not be used in case of donor human milk.
* Donor pasteurized human milk should be screened for human immuno-deficiency virus (HIV), hepatitis C virus (HCV), hepatitis B antigen (HBsAg).

venereal disease, and bacteria, using relevant tests/cultures.

* The donor mother should also be screened for HIV, HCV, HBsAg, and venereal disease within 6 months of donating milk.

« If milk banks exist locally, pooled milk may be used, provided proper consent has been obtained.

* Milk banks should liaise with agencies for pasteurization of pooled small aliquots of breast milk.

* Donor human milk may be steed at -20°C for 6 months, preterm infants should not be fed milk stored for more than 3 months.

* Although the human milk analyzer is a useful tool to analyze the nutrient content of human milk and enable subsequent fortification, it is currently being
used as only a research tool and not in day-to-day clinical practice. The standard fortification method is recommended in daily clinical settings.

Although there are several benefits of giving human milk, it

is crucial to ascertain whether it can satisfy the greater



International Journal of Nutrition and Food Sciences 2023; 12(5): 148-157 154

nutritional requirements of premature newborns. ESPGHAN
states that formula milk made specifically for preterm
newborns or supplemented human milk, ideally from the
infant's own mother, are the best sources of nourishment for
premature children [93].

6.2.2. Fortified Human Milk

When EBM is insufficient to meet an infant's nutritional
demands, fortifying breast milk helps [76]. The idea behind
fortification is to raise the nutritional concentration to levels
where the infant's demands can be satisfied with normal
feeding quantities [94]. Fortification may involve a single
nutrient (mono-component) or a number of nutrient
combinations (multi-component). According to the National
Neonatology Forum of India [95], infants who are under 32
weeks gestational age or who were born weighing less than
1,500 g should be given multicomponent fortification if they
are not gaining weight despite receiving full volumes of breast
milk (up to 180-200 mL/kg/day).

6.2.3. Formula Milk
Formula milk is created particularly to satisfy the needs of
LBW newborns and provides all vital elements [76].

7. Conclusions

A higher potential for morbidity and death is implied by
prematurity. To prevent negative metabolic consequences,
preterm babies must get early, appropriate nutritional
supplementation. The provision of iron, zinc, calcium,
phosphate, vitamin D, and LCPUFAs in the preterm newborn
after discharge and during the first 12 months of life is still not
a topic of widespread worldwide consensus. However, little to
no negative consequences resulting from  their
supplementation are currently documented in the literature.
Additionally, as our understanding of these micronutrients
grows, so do the favorable benefits of these compounds on the
body as a whole.

We believe it's safe to suggest that giving these supplements
to preterm newborns can have more positive effects than
negative ones. This is especially true for preterm babies who
are breastfed. For this group, breast milk is still the best option,
but it is obvious that the concentration of several
micronutrients, particularly LCPUFAs, is solely reliant on
maternal diet and deposition. This review emphasizes the need
for sizable, randomized studies to address these concerns and
the knowledge gap that exists in the information on premature
supplementing.
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