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ABSTRACT

Background: Nutrition is a cornerstone of a preterm infant's life, providing the essential nutrients required to
support the body's fundamental functions ensures survival. However, meeting the nutritional needs of preterm
neonates presents unique challenges, as their feeding requirements far exceed those of full-term infants. Despite
advancements in feeding strategies, poor growth rates and neurocognitive disabilities remain prevalent in this
population, largely due to feeding difficulties, increased respiratory workload, and immature gastrointestinal
systems.

Objective: This review seeks to explore preterm nutrition and the availability of sufficient nutrients for the
support, growth and weight gain of preterm infants in a manner comparable to a fetus of the same gestational
age.

Method: This narrative review investigates the physiological effects of preterm birth on infant organ systems, the
distinctive nutritional needs of preterm neonates, and the various factors influencing their nutritional status,
such as mode of delivery, maternal corticosteroid use, breastfeeding practices. It also examines current
nutritional strategies, including intravenous administration of dextrose, amino acids, and lipids for severely
preterminfants.

Key Findings: Preterm infants face unique challenges such as underdeveloped organs, environmental challenges
which do not exist in the third trimester in the uterus but exist in neonatal care units.

Conclusion: Breast milk is key for preterm nutrition. Its fortification especially for infants that are very pretermis
recommended if the mother lacks of access to an ideal diet. Administration of micronutrients such as Iron, Zinc,
Vitamin D, E, K, and A help prevent preterm morbidity and mortality. The administration of probiotics to preterm
infants toimprove GUT maturity and digestionis currently under consideration.
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RESUME

Contexte: La nutrition est un pilier essentiel a la survie du nourrisson prématuré. Fournir les nutriments
indispensables au maintien des fonctions vitales garantit sa survie. Cependant, répondre aux besoins
nutritionnels des nouveau-nés prématurés pose des défis particuliers, car leurs besoins alimentaires dépassent
largement ceux des nourrissons nés a terme. Malgré les progrés réalisés en matiére de stratégies d'alimentation,
les retards de croissance et les troubles neurocognitifs restent fréquents dans cette population, principalement
en raison des difficultés d'alimentation, d'une charge respiratoire accrue et d'un systeme gastro-intestinal
immature.

Objectif: Cette revue vise a explorer la nutrition des prématurés et la disponibilité de nutriments suffisants pour
soutenir la croissance et la prise de poids, de maniere comparable a un foetus du méme dge gestationnel.

Méthode: Cette revue narrative examine les effets physiologiques de la prématurité sur les systémes organiques
du nourrisson, les besoins nutritionnels spécifiques des nouveau-nés prématurés et les différents facteurs
influencant leur état nutritionnel, tels que le mode d'accouchement, |'utilisation de corticostéroides par la mere
et les pratiques d'allaitement. Elle examine également les stratégies nutritionnelles actuelles, notamment
I'administrationintraveineuse de dextrose, d'acides aminés et de lipides pour les nourrissons tres prématurés.

Principaux résultats: Les nourrissons prématurés sont confrontés a des défis uniques, tels que le sous-
développement de leurs organes et des facteurs environnementaux qui n'existent pas au cours du troisieme
trimestre de grossesse, mais qui sont présents dans les unités de soins néonatals.

Conclusion: Le lait maternel est essentiel a la nutrition des prématurés. Son enrichissement, notamment pour les
grands prématurés, est recommandé si la mere n'a pas acces a une alimentation optimale. L'administration de
micronutriments tels que le fer, le zinc et les vitamines D, E, K et A contribue a prévenir la morbidité et la mortalité
lides a la prématurité. L'administration de probiotiques aux prématurés afin d'améliorer la maturation du
microbiote intestinal et la digestion est actuellement al'étude.

Mots-clés: Nutrition, prématurité, nourrissons, malnutrition, alimentation
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Nutrition in preterm infants

INTRODUCTION

The burden of preterm birth (PTB) as a critical public
health crisis. It has been identified as the leading cause of
death in children under five years old worldwide.l
Approximately 13.4 to 15 million babies are born preterm
annually, representing about 1 in 10 births world-wide.
Sub-Saharan Africa bears a disproportionately high
burden of preterm birth.2 This is characterized by
significant neonatal mortality and long-term
developmental challenges. African specific literature
across sub-Saharan Africa report preterm births rates
ranging from 3.4 % to 49.4 %.3 However, complications
from preterm births are the leading cause of neonatal
death in this region. It is responsible for approximately
40% of all neonatal deaths. Unfortunately, Nigeria ranks
as the third-highest contributor to preterm births
globally.

Preterm babies can be defined as infants born alive on or
before the 37th week of pregnancy.* Nutrition is very
important for preterm infants. The diet made available to
preterm infants is an intricate determining factor of
infant survival. Nutrition in preterm infants could be

PREMATURE INFANT

FEEDING

ambiguous as their feeding needs are far higher than full-
term infants.> Ideally, preterm infants should be in their
last stage of growth as a fetus in the womb. At this last
trimester stage, growth is four times faster than normal.
Due to this exponential growth, intensive nutrition is
necessary.? Obtaining physiological growth similar to that
which occurs in the uterus is the primary goal when
nourishing preterm infants. Despite the various feeding
patterns and strategies, poor growth rates associated
with neurocognitive disabilities have remained common
among preterm infants.” Preterm infants in neonatal care
units face challenges that do not exist in the third
trimester in the uterus. Challenges such as the struggle to
feed adequately, increased respiratory workload, and
lack of maturity of the gastrointestinal tract. These
challenges may lead to infant morbidity® In particular,
the lack of maturity of the gastrointestinal tract can lead
to poor absorption of nutrients, causing malnutrition in
the form of undernutrition (when there is a deficit in
nutrients received by the body of an infant). Figure 1,
shows the two major nutritional challenges in preterm
infants.

GIT

CHALLENGES ¢

s )

- Inability latch properly to the nipple
- Inability to suck and swallow milk
properly

- Inability to co-ordinate eating and
breathing simultaneously.

CHALLENGES

- Immature gastrointestinal tract

- Proper colonization of the GiTract by
good bacteria

- Necrotizing enetrocolitis Hall mark
symptoms include Bloating and poor
feeding

Figure 1. lllustration depicting the two major nutritional challenges in premature infants

It is important that the diet of a preterm infant be
tailored to suit their gastrointestinal tract peculiarities.

The peculiarities include insufficient gastric storage and
inability to digest properly.

The primary objective of this review is to identify key

factors that affect nutrition of preterm infants and foster
the provision and successful administration of nutrients
sufficient to facilitate the growth rate and weight gain a
normal fetus at the same gestational age would acquire?
This review addresses the determinants that shape the
nutritional status of infants and how this, in turn,
influences their chances of survival °
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METHODOLOGY

Databases searched
The databases searched include PubMed, Scopus, Web
of science, Cochrane Library, Embase, and Google scholar
for comprehensive coverage for information regarding
nutrition. Nutritional health data was sourced from the
CDCand WHO.

e Searchtermsinclude:

o Preterm: "Preterm infant," "preterm newborn,"
"very low birth weight," "VLBW," "extremely
preterm".

o Parenteral nutrition: "Parenteral nutrition,"
"intravenous nutrition," "amino acids," "lipids,”
"IV lipids," "early nutrition," "central venous
access".

o Oral nutrition: "Enteral nutrition," "enteral
feeding," "human milk," "mother's own milk,"
"donor human milk," "fortification," "HMEF"
"trophicfeeding," "minimal enteral feeding".

o Strategies: "Optimized," "guidelines,"
"management," "early aggressive,"
"standardization".

Manual searching

Reference lists of retrieved relevant systematic reviews,
narrative reviews, and meta-analyses were searched to
identify additional studies.

Literature identification

Articles will be selected based on pre-defined inclusion
and exclusion criteria to ensure relevance to optimized
strategies.

Inclusion criteria:

o Randomized Controlled Trials (RCTs), systematic
reviews, meta-analyses, and observational
studies focusing on preterm infants (<37 weeks
gestation).

o  Studiespublishedin English.

o Studies focusing on optimized nutritional
strategies (e.g., early parenteral amino acids
>3g/kg/day, early enteral feeding, fortified
human milk).

o Guidelines from established organizations (e.g.,
ESPGHAN, ESPEN, ASPEN).

Exclusion Criteria:
o  Studieswhere full textis unavailable.
o Studies focused solely on resource-limited
settings without addressing optimized high-
resource strategies.

Time frame of literature
Scientific and health literature from time period between
2010- 2026, fitthe inclusion criteria.

Synthesis of Literature

The gathered literature was synthesized narratively,
focusing on comparing current practices and identifying
"optimized" strategies (those leading to improved
growth, less necrotizing enterocolitis (NEC), or better
neurodevelopmental outcomes).

PRETERM BIRTHS

Infants that are born before this gestational age are more
likely to die during the first four weeks of life (neonatal
period) or the first year of life (infancy year). Globally an
average of 15 million preterm infants is born yearly. Most
of the preterm births occur in sub-Saharan Africa and
Asia, one out of every ten infants are born premature.10
Complications that arise as a result of preterm delivery in
infants is the number one reason for deaths occurring in
children under the age of five. Preterm births predispose
infants to pulmonary, neurocognitive and
ophthalmologic morbidity.! There is a glaring disparity
between survival rates of preterm infants in high-,
middle- and low-income countries. Inability to provide
adequate medical care, necessary warmth and address
breathing difficulties in preterm infants are major
challenges faced in low-income countries. In middle
income countries there is improper and below adequate
use of technologies designed to aid nutrition and
intensive care of preterm infants. About 95 % of preterm
infantin high income countries survive after being born.12
Survival rates for preterm infants in low-income countries
are significantly lower than in high-income settings, with
approximately 50 % of babies born preterm dying in these
regions, largely due to lack of access to specialized care.!?

Premature births can be divided into three subcategories
according to the gestational period of birth. These are:

e Extremely preterm

® Verypreterm

® Moderateto late preterm

Extremely preterm

These are births that occur before 28 weeks of gestation.
Infants born extremely preterm weigh less than 1 g.
Intensive care is necessary because vital organs required
to function and keep the infant alive are not fully
developed. Breathing difficulties are also experienced
and chances of infant survival are very low. 13
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Very preterm

These are infants born between 28 to 32 weeks of
gestation. Infants born under these circumstances
usually weigh between 1000 - 1500 g. Infants born as
moderate to late preterm also experience difficulties in
feeding: inability to latch to the mother's breast and sub-
optimal sucking and swallowing coordination. There is
also elevated risk of hyperbilirubinemia due to bilirubin
encephalopathy. Hypoglycemia and hypothermia may
also be experienced.*

Moderate to late preterm
These are preterm births that happen between 32 to 37

weeks of pregnancy. In this case, one out of every five
preterm infants are more likely not to survive. There is
difficulty in breathing, feeding and digestion. Infants born
very preterm are likely to suffer from neurodevelopmental
challenges such as hearingimpairment, cerebral palsy, and
visionimpairment.®

3.1Effects of preterm birth oninfants

The level of severity of preterm birth depends on the
complications that arise because of infant prematurity and
the effect of these complications on the possibility of
infant survival.

Respiratory

System

Opthalmic
system

Cardio-
vascular
system

Auditory

Central
nervous

Gastro
intestinal
system

Figure 2 Flow chart of the various conditions that can arise in an infant from preterm delivery.

Preterm birth complications arise primarily from the
immature status of the infant's organ systems. These
organs are not fully developed and may most likely be
lacking in the ability to support life outside the uterus.
These organs make up systems that put up a fight for
infancy survival. These include the central nervous
system, ophthalmic system, auditory system, respiratory
system, skin, gastrointestinal system and the
cardiovascular system.! Figure 2, is a schematic diagram
showing the body systems of an infant affected by
preterm birth.

3.1.1 Central nervous system
For a developing fetus during pregnancy, the central

nervous system starts as a neural groove. It then
transforms into a neural tube which ends up as the brain
and the spinal cord which continues to develop as the
pregnancy progresses. Preterm birth is likely to have an
adverse effect on the advancement of the central
nervous system. Fetal activity, sensory input, and
response are vital determinants of central nervous
system maturity. Neurons develop and axons grow and
get in touch with dendrites to give synapses. This process
occurs from the 6th month of pregnancy to the child's
third birthday. Research has shown that in the long term,
preterm-born children have lower cerebral volumes at
ages 7-15. Also, parts of their brain such as the
cerebellum, grey matter, basal ganglia, and cortical white
matter are lower in volume.'®
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3.1.2 Ophthalmicsystem

The development of the ophthalmic system commences
six weeks after conception. It starts as an ophthalmic
vesicle which then develops structurally into well-formed
eyeballs. The retina located at the posterior portion of
the eye is a vital organ for sight. However, it is
vascularized at the latter stages of gestation. Preterm
infants are likely to experience retinopathy due to organ
prematurity. A disorder that is potentially blinding. This is
when the blood vessels of the eyes are underdeveloped
and hence unable to perform their required function
after pretermbirth ®

3.1.3 Auditorysystem

The earin fully developed by the end of the 5th month of
pregnancy. However, infants born as preterm are more
likely to have hearing loss compared to full term babies.
Hearing impairment can hinder speech development.
Persistent pulmonary hypertension and cytomegalovirus
infection both predispose preterm infants to hearing
impairment.!’

3.1.4 Respiratorysystem

The primary role of the respiratory system is the
exchange of gas, via inhalation of oxygen and exhalation
of carbon dioxide. Above 50 % of preterm infants born
prior to the 27 th week of pregnancy have respiratory
distress syndrome. Amongst preterm infants the earlier
the week of delivery the higher the chances of
developing respiratory distress syndrome. This condition
is caused by a deficit in the surfactant production that
aids gaseous exchange. Itis also characterized by the lack
of structural maturity of the lungs placing the infant on
ventilation is a common approach to addressing this
syndrome. In severe cases, apnea occurs due to
respiratory immaturity, hence the absence of breathing.
In this case the infant is placed permanently on a
ventilator. Hypoxia and bradycardia are also respiratory
conditions that have a high level of occurrencein preterm
infants. Another respiratory challenge common with
preterm infants is bronchopulmonary dysplasia. This can
be described as the detection of deterioration of the
lungs of a preterm infant®

3.1.5 Skin

The skin serves as a barrier between the infant and the
external environment. The skin of preterm infants
appears translucent and fragile. The level of integrity and
protection provided by the skin is highly dependent on
the gestational age at birth. The skin of preterm may not
be able to perform most of its characteristic functions.

This is because the outermost part of the skin, known as
the stratum corneum, is thinner than that of full-term
babies. The skin is usually found lacking in terms of
temperature and moisture control. The skin of preterm
infants may also lack the ability to protect the body from
infection. Preterm infants can develop infection in almost
any part of their body due to the fact their immune
systemis not fully developed.'®

3.1.6 Cardiovascular system

Preterm babies experience a myriad of cardiovascular
defects. Heartbeat commences on the 28 th day of fetal
life, and the development of the heart is complete by the
42nd day. Hypotension and bradycardia are major
abnormalities that occur in preterm infants. They are
hallmark manifestations of immaturity of the
cardiovascular system. Administration of pressors and
normal saline or hydrocortisone can be soughed
depending on the severity of the hypotension.'®

3.1.7 Gastrointestinal system

Preterm infants have a higher chance of immature
digestive systems. Usually, the digestive system of these
infants is not structurally ready to absorb nutrients
effectively. Formation and development of the
gastrointestinal tract commence 28 days after
conception and is fully formed by the 20th week of
pregnancy. By the time the fetus can swallow and can
suck milk, it is expected that the gastrointestinal system
will be colonized with good bacteria. This allows for the
administration of antibiotics due to infections in other
parts of the body if necessary. However, this may affect
the presence of bacteria in the gut. The introduction of
probiotics such as bifidobacteria for gut development, is
being considered and under research. Immaturity and
lack of bacteria colonization of GIT affect feeding
tolerance and food digestion. One major complication
that can occur due to these pre-existing complications is
necrotizing enterocolitis. This can be described as a
severe disease that affects preterm infants. Hallmark
symptoms include bloating, emesis of bile, decreased
activity, bloody stool, failure of multiple organs, or
death.?°

4.0 Feeding and Nutrition Peculiarities in Preterm
Infants

The presence of probiotic bacteriain the digestive tract of
preterm infants is a vital foundation for the enforcement
and development of the digestive system. Heavy
colonization of the wrong type of bacteria in the
gastrointestinal tract causes injury to the intestinal lining.
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Preterm infants and low birth weight infants are
predisposed to these conditions. In conditions where
there are inflammation and infection of an infant's gut is
called necrotizing enterocolitis. Breastfed pre-terms are
less likely to develop this severe condition. Premature
infants generally have immature immune and GIT
systems. This may be due to delayed colonization of the
gastrointestinal tract microbiota. Probiotics which
encourage colonization of good bacteria have been
established to provide health benefits when present in
infants' gut. This reduces the chances of obesity,
childhood infections and other atopic disorders.?!

5.0 Factorsthataffectthe gut of preterminfants
There are several factors that increase the risk of
immature gut systems of pre-terms and its associated
diseases. These factorsinclude:

e Modeofdelivery

e Use of corticosteroids during pregnancy

® Breastfeeding

e Useofantibioticduring delivery.

5.1.1 Mode of Delivery

The mode of delivery affects the health of aninfant's GIT.
Infants born through vaginal delivery generally have
better gut microbial structure and gut microbiota. The
birth canal where the fetus passes through is colonized
by probiotics such as lactobacillus rhamnosus and
reuteri. In contrast with infants born via c-section, the
microbiota of these infants is similar to that of the
mother's skin microbial flora. Therefore, infants birthed
via vaginal delivery are exposed to more beneficial
bacteria. This disparity between infants birthed through
c-section vis-a-vis vaginal delivery reflects in the
aberrations in their normal physiology and
predisposition to diseases.?

5.1.2 Use of corticosteroids during pregnancy

Corticosteroids are used during pregnancy to treat
hallmark symptoms of autoimmune diseases.
Corticosteroids are termed risky when administered
during birth and in pregnancy as it poses the threat of
gut infections of preterm offspring. There is rising
concern about how treatment using corticosteroids for
autoimmune diseases affects the fetus during
pregnancy and birth outcomes. Existing literature
buttresses the fact that there is an association between
cleft palate and the use of corticosteroids during
pregnancy. A cleft palate affects the infant's ability to
feed properly. Preterm births are also considered a risk
outcome due to treatment using corticosteroids during

pregnancy.??

5.1.2 Breastfeeding

Breast milk is composed of all the nutrients required for
an infant's first 24 weeks of life. This includes water,
minerals, carbohydrates, vitamins, proteins and fat.
Breast milk is also made up of biomolecules that help
fight against infections. Biological molecules such as
immunoglobulin, white blood cells, whey proteins, and
oligosaccharides. Protection from these agents in an
infant is necessary as they help with the good health of
the gut system of infants.?

5.1.3 Useofantibiotics during delivery

Exposure to antibiotics during pregnancy may predispose
one to preterm birth. Administering antibiotics during
pregnancy may lead to dysbiosis. Dysbiosis is a condition
characterized by an imbalance in the community of
microorganisms living together as a microbiome,
particularly in the vagina. Studies have concluded a link
between the microbiome of the mother's vagina and the
microbial flora of the preterminfant's gut.?>

6.0 Refeedingsyndromein preterminfants

Refeeding syndrome in preterm infants can be explained
as the misalignment of electrolytes, especially
phosphorous. This happens sequel to the reintroduction
or elevation of caloric availability after a time of absence
or dearth in caloric consumption. Potassium and
phosphorous are supplied via the placenta to the fetus
and placental insufficiency may lead to fetal deficiencies.
One of the reasons for poor fetal growth during
pregnancy are nutritional deficiencies. It has become
pertinent that aggressive and early parenteral nutrition
be administered to severely low birth weight babies and
premature infants.26

7.0 Causesof malnutritionin preterminfants

Malnutrition in preterm infants has pronounced long-
term effects on their growth, metabolism, and
neurodevelopment. Poor growth has been documented
in premature infants, and this can be attributed to a
couple of reasons, such as inadequate nutrient intake,
low food storage, a deficit in standardized feeding
practices, and immaturity of the gastrointestinal tract.
Infants develop their nutrient stores throughout the
entire period of the third trimester of pregnancy.
Unfortunately, premature infants miss a few weeks or
months in the uterus. They are therefore, birthed with
depleted nutrient stores. This causes their nutritional
need to be quite high. Parental illiteracy, family size, the
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financial status of the parent, inadequate dietary intake,
and inappropriate feeding habits affect the nutritional
status of infants.?”-%

7.1 Identification of malnutrition in preterm infants
Malnutrition has been reported widely in premature
infants. Both overnutrition and undernutrition can
predispose to malnutrition and its negative effects. In
order to identify malnutrition, early monitoring of infant
nutritional status is recommended. Monitoring body
weight and body composition via anthropometry, air
displacement plethysmography (ADP), and dual-energy x-
ray absorptiometry (DXA). Though some of these
methods may be costly. They are precise in the
assessment of body composition, hence nutritional
status. Other approaches include dietary assessment and
utilization of biochemical markers.?®

7.1.1 Anthropometry

Anthropometry in infants can be described as the
systematic measurement of the body of an infant. It is
used to assess the weight, size, proportion, and body
composition of infants. Body weight is one of the less
complex parameters used in identifying malnutrition.
After birth body weight is intricately associated with (Air
displacement Plethysmography) ADP-determined fat-
free mass. Infants can be classified according to their
weight. Infants weighing above 4000 g are classified as
overweight. Infants weighing below 2500 g are
considered underweight. Body length is another
parameter that indicates skeletal development and fat-
free mass. This can be measured using tapes, or length
boards. Head circumference as a parameter is more
associated with the indication of brain development. Lack
of increase in occipitofrontal development can be
connected to prematurity-associated morbidity, brain
atrophy, and post-hemorrhagic hydrocephalus. Body
mass index is based on weight to length ratio. It helps to
indicate the degree of body proportionality at birth and
after birth.?

7.1.2 Biochemical Markers

There are a few significant biochemical growth markers
for premature infants, namely, procollagen, bone-specific
alkaline phosphatase, and osteocalcin. Procollagen
peptidase can be described as an endopeptidase that
plays a key role in the development of collagen.
Procollagen quantitatively indicates type | collagen
formation. Type | collagen is developed by proliferating
osteoblasts. Hence, procollagen is an efficient marker of
bone formation and growth. Bone-specific alkaline

phosphatase is an alkaline phosphatase specific to the
bones. It indicates the level of biosynthetic activity of
cells responsible for bone formation. It is a responsive
and efficient indicator of bone growth and metabolism.
Osteocalcin is a 49-amino-acid peptide. Itis produced by
osteoblasts and released into the blood and bone matrix.
Levels of osteocalcin increase when there is increased
bone formation and growth. Osteocalcin is particularly
elevated during the first year of life of a child. There is a
direct correlation between growth rates and osteocalcin
levels. An elevation or decline in osteocalcin level after
repeated measurements will detect if a child is at a
growth sprout or retarded stages of growth.3031,32

7.1.3 Airdisplacementplethysmography

Air displacement plethysmography is a scientifically valid
method for determining body composition. In infants air
displacement plethysmography measures by assessing
the body fat fraction in infants expressed in percentage.
An electronic scale is utilized to determine the infants'
mass. The complete body volume is determined by
placing the subject in an enclosed vessel. Through the
application of gas laws which are affected by pressure
alterations in ratio to volume of air. This makes ADP a
reliable technique for obtaining the percentage body fat
in infants. It has also reflected reproducibility and
accuracy in determining the percentage body fat in
preterm and full-term infants.33:34

7.1.4 Dualenergy x-ray absorptiometry

Dual energy x-ray absorptiometry measures bone
mineral density using spectral imaging. It is used to
monitor the development of the bones of preterm
infants. A myriad of studies has certified the intricate and
significant correlations between fat mass measured
using dual-energy x-ray absorptiometry and fat mass
measured with ADP. Twin films of the infants' forearm
are taken via standard mobile x-ray at different x-ray
energies. This technique affords the evaluation of the
effect of diet on the total body composition and potential
weight gain composition in preterm infants through their
first week of life and beyond. 3536

8.0 Nutritional guidelines and quality of nutrition
required by pre-terms

Currently, there is no consensus on a standard nutritional
guideline for preterm infants. Hence, there are glaring
variations in practices from one geographical zone to
another. One major challenge is the discrepancy
between developed nutritional guidelines from reviews.
There are a few reasons why this may happen. First are
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the differences in the quality of nutritional guidelines
recommended. Some reviews recommend mainly breast
milk fortification, while others go a step further to
recommend the intake of an array of nutrients such as
enteral protein, glutamine, enteral and parenteral
calcium, and parenteral macro and micronutrients.
Another reason is the dearth of clear evidence for
nutritional interventions in pre-terms. Most guidelines
are made based off the judgement of specialists. This
may have led to the variability among guidelines
currently available. The final reason for significant
variation may be disparities in the aims of the
recommendations generated by the review. For instance,
the aim of the review may be to develop an official
guideline on parenteral administered nutrition or orally
administered formulas.®” Nutrition based guidelines for
preterm infants usually differ based on their scope and
priority. Some focus on physiological targetsi.e. how best
to simulate in-utero growth. Others focus on feasibility
and safety in specific environments. Recommendations
backed by the evidence-based results are those focused
on human milk and early aggressive nutrition. Different
organizations issue guidelines that vary in their nutrient
targets and clinical approaches. Organizations such as
ESPGHAN (European Society for Pediatric
Gastroenterology, Hepatology and Nutrition) lays
emphasis on '"aggressive" targets to match third-
trimester fetal growth. They recommend high protein
intakes and specific fatty acids like DHA and ARA to
support brain and eye development. The world Health
Organization): Primarily targets low- and middle-income
countries where resources like Parenteral Nutrition (PN)
are scarce. Their guidelines emphasize Kangaroo Mother
Care and the safety of "trophic" (small-volume) feeds to
prime the gut and prevent infection. Guidelines of the
American Academy of Pediatrics is a bit similar to
ESPGHAN but often uses different thresholds for
micronutrients. For example, the AAP suggests lower
vitamin D targets compared to ESPGHAN's higher range.
Nutritional recommendations are largely dependent on
available resources in the given geographical or
economical settings. While high income settings such as
Europe prioritize optimal neuro-development low-
income settings such as like Africa or Asia focus on more
fundamental factors such as infection control and infant
survival. Practical challenges peculiar to African neonatal
units in regards to nutrition fortification that enhance
infant survival include financial barriers, lack of access to
relevant technology leading to infrastructural gaps, lack
of well-trained health care professionals e.g. neonatal
nutrition specialist. Finally cultural beliefs or myths

associated with some settings within Africa may also
pose a problem.3®

8.1 Essential vitamins, nutrients and their functionsin
preterminfants

Proteins are high molecular weight macro and
biomolecules that consist of one or multiple amino acid
residues. Proteins are molecules with complex structures
that carry out a lot of functions in cells. They are vital to
the structure, function, and regulation of the human
body. Proteins in preterm infants are responsible for
regeneration and repair, neurodevelopment, immunity,
weight gain, and lean body mass accumulation. Energy is
needed for metabolism. The required energy
consumption of an infant depends on the energy
expenditure and feeding pattern. More energy
consumption and use occur when there is rapid growth
and physical activity. The recommended energy
consumption by preterm infants is 110-135kcal/kg/day.
Vitamin A is a fat-soluble nutrient composed of a class of
chemically similar organic compounds such as
carotenoid, retinol, R-carotene, and retinyl-esters.
Vitamin A is essential for healthy vision and immunity. It
also plays a role in lung function, growth, reproduction,
and development in preterm infants. Vitamin D is a group
of fat-soluble compounds vital for enhancing the
absorption of minerals such as calcium, phosphate, and
magnesium. Vitamin D is a key nutrient required for bone
development. Serum 25-hydroxy vitamin D (250HD) is
the standard biomarker for vitamin D in the human body.
Apart from bone health, vitamin D plays a vital role in
immune boosting, respiration, and neuromuscular
function. Vitamin A is required in 1332-3330 U whilst
vitamin D is required in 400-1000 IU per kg weight of
preterm infant. Iron is a fundamental mineral and a vital
part of myoglobin and hemoglobin. Lack of iron leads to
anemia. Preterm infants require higher levels of iron to
meet the requirement of a growth spurt. Premature
infants on a breast milk diet need iron supplementation
as well. Iron is also known to play a key role in neuro-
development. The ideal quantity of iron needed for an
infant is 1-3mg/kg/day. Zinc is necessary for protein
synthesis; hence it should be considered when placing
infants on high protein diet. The required daily dose of
zincis 2-3mg /kg /day.3%40:41

8.2 Current parenteral nutritional strategies for
preterm infants

Intravenous feeding of dextrose, amino acids, and lipids,
is recommended for severely preterm infants. Infants
with hypoglycemia are administered a dose of dextrose
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at 7 mg/kg/minute intravenously. Infant glucose levels
should be monitored to avoid hyperglycemia. In the case
of hyperglycemia, reduced dextrose infusion rates
between 3 and 4 micrograms/minute/kilogram body
weight are administered. It is important that premature
infants get just the right amount of glucose to support
physical and brain activity. The most important
nutritional substance for growth is protein. Adequate
amino acid intake is necessary for healthy growth and
brain function. In cases of severely preterm infants, there
is a direct relationship between amino acid
administration and net protein level. Intravenous lipid
infusions are necessary to prevent deficiency of essential
fatty acids, especially docosahexaenoic acid (DHA). The
ideal nutritional strategy for infants should include
protein, vitamins, DHA and lipids. Readily available
intravenous lipid products include soybean and fish oil.
However, fish oil is preferable for preterm infant
nutrition because it has both DHA, and tocopherol 424344

8.3 Current oral formulations used in feeding preterm
infants

The basic sources of oral nutritional needs for preterm
infants are breast milk, breast milk fortifiers, and
preterm formulas. Preterm infants have peculiar needs;
they require extra calories for catch-up growth
compared to full-term babies. Preterm infants need
protein and fats for the development of the brain and
organs. An appropriate amount of minerals and vitamins,
as well as the right enzymes or probiotics as the case
maybe is needed to attain ideal nutritional status. A
preterm infant's stomach actively degrades proteins
from milk with increasing breakdown across digestion
time. Gastrin, gastrin-releasing peptide, and pepsin are
secreted in the stomach for digestion of milk in preterm

infants. There is a tendency for preterm infants placed on
formula milk to develop necrotizing enterocolitis. It is,
therefore, advisable that preterm infants be on a
combination of breast milk and formula. In cases where
formula cannot be afforded or accessed, breast milk
fortifiers (containing nutrients and vitamins) may be
administered along with human breast milk.*>4® Tables 1
and 2, reflect the various milk formulas available in the
market their components and pharmacological
functions. Preterm formulas, including Dexolac®,
Enfamil®, and Aptamil®, are densely formulated with
medium chain triglycerides, whey protein, and DHA/ARA
to address the high metabolic demands and nutritional
gaps in preterm infants. These ingredients, combined
with specialized minerals and vitamins, are crucial for
promoting weight gain, preventing metabolic bone
disease, and supporting neurodevelopmental
outcomes.*>° Human milk fortifiers significantly
enhance the nutritional profile of breast milk, making it
more suitable for the unique needs of preterm infants. By
boosting growth, immunity, and developmental
outcomes, they play a crucial role in improving both
short-term health and long-term quality of life for these
vulnerable babies. Fortifiers enrich breast milk with
additional macronutrients (energy, protein, fat,
carbohydrate) that are often insufficient in preterm
infants' diets. Fortifiers provide a broad spectrum of
vitamins (A, C, D, E, K, B-complex, folate, biotin,
pantothenic acid) and minerals (calcium, iron, zinc,
magnesium, phosphorus, etc.), ensuring breast milk
meets the higher nutritional demands of preterm babies.
It enhances the nutrient density of breast milk without
replacing its natural immunological and developmental
benefits.*’

21 West African Journal of Pharmacy (2026) 37 (1)



Nutrition in preterm infants

‘proe

Jl0UdEX3YES020(Q ‘pIae dIuopIydelY
‘ploe 2j9joul| eyd]y pioe diajour]
18} pajeaniesunAjod ‘9p1aadA|31a}
uleyd wnipaw ey pajeinies

‘|10 “dds wna3Ay20ziyss
pue |10 puld[p ‘sap1iadA|S113 uleyd
wnipaw ‘|10 Jamojes 219|0 y3iy 1o Aos

‘proe

J19|0ul| ‘pIde dJUB|OUl| ‘PIdE JlUOPIYdEIE
‘(WHQ) p1ae 210useXaYyES0I0p

“1e} sueu} ‘josa1saj0yd ‘paleniesijod
‘}e} pajesnies-ouew ‘1ej pajeanies

‘91eyiwied ZN-S ‘pioe

Jluopiyoede ‘(9 eSawQ) pioe a13jour]
‘pIoe dj0uleXaYyes0d0( ‘(gedawQ)
p1oe ajusjoul| eydje ‘sajednieshjod
‘s9p1492A|3143 uleyd winipay

‘|10 *dds wn.iAysoziyas
pue |10 buid|p pjjaJaiziow ‘1o Aos ‘|10
3NU0207 ‘|10 uI3|0 Wied ‘|10 Jamojjung

"pI2E J13]0U|| PUE pIdE JI3j0ul|
eyd|e ‘josa31s9]0Yyd ‘spiae Ayie} sueuy
‘p1oe Ayie} pajesniesun-ouow ‘pioe Ayiey
pajednies ‘sapliadA|S1J1 uleyd wnipap

uased pue Aaym

uiayoud Asym

oQullluies-1 pue auline]

‘u93o4d Asym ‘auluele pue
9uldoA|3 suljoad ‘pioe d1wein 3
‘QulIs pioe d13iedse ‘auljea
‘au1soJAy ‘ueydoidAsy ‘sujuoauyy
‘auiuele |Auayd ‘auuoiysw
‘QuiIsA| ‘aupna) ‘Buians|osi
‘Quipnsiy ‘aunsAs ‘suiuidsy

uiyaa| Aog
utatoad ASym
auniuied-q
auune|

auunel

BUIPNSIH-1
aunsAy-

‘winlus|as ‘aulpol

‘1addoo ‘asaueduew Quiz ‘uodi
‘wnisaudew ‘aplojyd ‘wnissejod
‘wnipos ‘snosoydsoyd ‘wnidje)

‘wniua|es
‘wnissejod ‘apliojyd ‘auipol
‘1addoa ‘snioydsoyd sasaueduew
dUIZ uoJ! wnisauSew wni|e)

‘wnuapgAjon

‘wnjwoJyd ‘auipol ‘assueduew
‘wnyua|as duiz 4addod ‘apliojyd
‘wnisaugdew ‘uosl ‘snioydsoyd
‘wniajes ‘wnissejod ‘wnipos

3pIPOI pue wnjua|as ‘asauesuew
49ddod ‘uour ‘wnisaudelp
‘91eydsoyd ‘snuoydsoyd ‘wniojed
‘Qp1o|yd ‘wnissejod ‘wnipos

‘wnus|as

‘Quipo| 4addod ‘@ssueduew ujz
‘uoJ) ‘wnisaudew ‘snioydsoyd
‘wnia|ea ‘ap1iojyd ‘wnisselod

wnius|as pue asaueduew
Jaddoa auiz ‘uoJr ‘spiojyd
‘wnissejod ‘wnipos ‘wnisaudew
‘snuoydsoyd ‘wnjed ‘apipo|

‘p1oe djuayiozued ‘updelu

‘UiAelj0q ‘ZTg ‘99 ‘GE UIWENA
‘ulwelyy ‘joyisoul ‘uriolq ‘s)ejo4
"pIoe 2100dse pue ) ‘3 ‘q ‘Y ulwelA

‘auixopldAd ‘piae djuayiolued ‘uidelu
‘UIARJOQIJ ‘ZT g UILUBMA ‘UlWiely}
‘lousoul ‘uzolq ‘auljoyd ‘pioe d1jo4
"pIoe 21040dSE pue ) ‘T ‘Q ‘Y UlWEHA

‘auixoplAd ‘piae djusyiozued ‘updelu
‘UIAR|JOQIJ ‘2T UIWEYA ‘Ulwely}
‘lonsoul ‘unolq ‘auljoyd ‘piae 31|04
"ploe 21gJ0dse pue ) 3 ‘Q ‘Y UIWENA

‘pioe

dluaylolued pue uglolq ‘1e|oy4 ‘urdelu
‘UIAe)JOqId ‘UlWely) ‘plae 21010dSY
"TT9 pue 9g Y ‘3 ‘Q ‘v SUlWeHA

‘p1oe d1uayiojued

‘unolq ‘pioe d1jo} ‘(zg) uinejjoqu
‘p1oe 21g402SsY ‘auljoyd ‘|onsou|

"TTd pue 9g ) ‘1 ‘q v sulweup

UIBIN pUE pioe 91|04
Jpue gy ‘3'Q ‘Y SUILENA

A ENERL
o 0109 Jwedy

9JNSO3N g JB|IWIS

(e[nwuoy ueLIE1R3A)
oNVN -od

(sueyul
1Y319M YuIg MO| WIR3IBAd) ZINFYd
oPI09 VINS

(24nyewauq)
© 04d 0UN3 |IWeyuy

(e|nwuoy uela1adap)
aJed [eRads ¢2e|0xaQ

s1eq

Spioe-oulwe pue ulalold

S|eJaulN

SulENA

SINIINOD

L1INUVIA FHL NI 31EVTIVAV
A1LNIHYND SYININEO4 WHI13dd

«

ec'7c 16 05 6 sy 8T 6 g SIUSIPISUI Alewlud J1ay3 pue suolienwio) Jualin) T d|qelL

West African Journal of Pharmacy (2026) 37 (1)

22



Cardoso-Daodu et al

snoioydsoyd pue wnpje)

€S
snoJoydsoyd pue wnidje)

e snoJoydsoyd pue wnajed

15

wniaje) pue g Uiwelp

0s

"91BUO0QJEI WNID[RD
‘sap1192A|3141 uleyd wnipaw
‘10 3nU0203 uiR30ud Aaym ‘|10 Aos

6
@ UlweyA pue

8 wnisaudew ‘snosoydsoyd wnpdje)

uiazousd Asym

uiajoid Asym

utazoud Asym

uiazo4d ASymn ‘@1ewWied Z N-S

uiajoid Asym

ulIXapo}ew
pue uiayo4d Aaym ‘asoyoe

(vHa@) proe aslousexayesodoq

ulan|
pue (YHQ) p1oe J1ousexayesodo(

(Vdv-VHQ) p1oe oluopiyoely
pue pide dlouaexayesod0(q

‘¢ eSawQ
‘wnio|e) ‘q ulwenA ‘uod|

‘|oyisou pue
aplojyd auljoyd ‘(Vyy pue yHa)
J0 924n0s) |10 WnlAYI0Z1Yds
pue |10 puld]y D230

auIpo| pue uoJ| ‘auljoyd ‘aulinel
‘spioe Ajjey g pue ¢ e3swQ

(SO491 %0T ‘SO
%06) Sap14eYI2LS031|0 21301034d

"714 ‘99 ‘99 ulweliA ‘91ejo4
‘PIoe diqJodse pue ) ‘1q ‘v Ulwenp

"UIABOqU “ZT UIWENIA ‘ploe Dljod
‘p1oe 21gJ0dse pue Y ‘3 ‘Q ‘v UIWelA

719 UIWEIA puE pioe 1[0
"pIoe 2g00SE pUR Y ‘3 ‘Q Y UIWENIA

"pIoe 210402SY
‘719 pue 9g ‘3 q ‘v sulwenp

"apIWeUldRIN PUE I UIWEBIA
‘UlneljOqIY ‘UlWElY L ‘PIoe djo4 ‘pIoe
2104095y ‘UINoIg ‘Y ‘3 ‘Q ‘Y UIWENA

Uiz pue wniuajas 3 ) ‘v ulweip

NY3134d
0 0109 |lweldy

9INSO3N g JIBJIWIS

(ejnwJoy uelie1a3aA)
eNVN -2.d

“(syuepur y3iam yuig
MO| W134d) ZINFHd
oPI09 YINS

(24miewauq)
© 04d 0JN3N |lwesu3

(ejnwuoy uelsa1a3ap)
aJed |e1dads goejoxaQ

LERIEIEIEN Juawdojanap auoqg pue Ymolo

y3jeaH aansasia

ucw_.tao_w>mh_ uleJg JOj SjusaINN

walsAs aunww|

1IIUVIN
JHL NI F19VIVAV
ATLNIHEND

SYININYOAL INY3L3Yd

'suoouNny Asy J1ay3 pue 1a34ew ay3 Ul 9|ge|IeAe SejnwJo) SnolleA ay3 Jo syualpaldul iz 3|qel

West African Journal of Pharmacy (2026) 37 (1)

23



Nutrition in preterm infants

Table 3: Some human milk fortifiers currently available and their ingredients.

Human Milk Fortifiers

CONTENTS

References

Cow & Gate Nutriprem Breast
Milk Fortifier

SMA Breast Milk Fortifier

MACRONUTRIENTS: Energy, Protein, Whey, Carbohydrate, Fat.
VITAMINS: Vitamin A, Vitamin C, Vitamin E, Vitamin D, Vitamin K,

Thiamin (B1), Riboflavin (B2), Niacin, Vitamin B6, Vitamin B12,
Folic acid, Folate, Biotin, Pantothenic acid.

MINERALS: Calcium, Chloride, Copper, lodine, Iron, Magnesium,
Manganese, Phosphorus, Potassium, Selenium, Sodium, Zinc.

MACRONUTRIENTS: Energy, Protein, Whey, Carbohydrate, Fat.
VITAMINS: Vitamin A, Vitamin C, Vitamin E, Vitamin D, Vitamin K,
Thiamin (B1), Riboflavin (B2), Niacin, Vitamin B6, Vitamin B12,

Folic acid, Folate, Biotin, Pantothenic acid

MINERALS: Calcium, Chloride, Copper, lodine, Iron, Magnesium,

54

54

Manganese, Phosphorus, Potassium, Selenium, Sodium, Zinc.

Prolacta Bioscience human
milk fortifiers

MACRONUTRIENTS: Protein, Carbohydrate, Fat. =

VITAMINS: Vitamin A, Vitamin C, Vitamin E, Vitamin D, Vitamin K,
Thiamin (B1), Riboflavin (B2), Niacin, Vitamin B6, Vitamin B12,
Folate, Biotin, Pantothenic acid

MINERALS: Calcium, Chloride, Copper, lodine, Iron, Magnesium,
Manganese, Phosphorus, Potassium, Selenium, Sodium, Zinc.

9.0 Preventing malnutrition in preterm infants -
Recommendations

Nutrition is vital for building immunity, growth, and
metabolism. In preterm infants' proper nutrition has
been known to prevent suboptimal growth. Suboptimal
head growth leads to a decline in psychomotor and
mental skills, and high chances of autism and cerebral
palsy. World Health Organization's recommendations for
the nutrition of preterm infants start with prompt
initiation of feeding after preterm birth. Mother's Own
Milk (MOM) is a "gold standard" for preventing NEC and
sepsis. If MOM is unavailable, donor human milk is
strongly preferred over formula for babies under 1.5 kg.

Fortification of human milk, especially infants that are
very preterm is viable as clinical evidence shows that
babies fed with fortified breast milk have higher IQ scores
and more advanced white matter development long
term. Table 3, enumerates the major human milk
fortifiers available and their key ingredients.
Administration of micronutrients such as Iron, Zinc,

Vitamin D, E, K, and A. Subsequently, the administration
of probiotics aids GUT maturity and improves digestion is
under consideration.>®>’

10.0 Key Conclusions

e Preterm infants in neonatal care units face
environment-based challenges that do not
existinthe third trimesterinthe uterus.

e The organs of preterm infants are not fully
developed and may most likely be lacking in the
ability to support life outside the uterus. These
organs make up systems and put up a fight for
infancy survival alongside the intensive care
provided by health professionals and parents.

® Optimal nutrition is necessary for the survival
of preterm infants. Early and proper feeding
(supply of essential vitamins and nutrients) is
necessary to increase chances of infant
survival.

e Breastmilk is the most reliable and effective
source of nutrition for preterm infants.
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Fortification of human breast milk, (to improve
its quality) especially infants that are very
preterm, can be aviable option.

e In cases where human breast milk cannot be
assessed, oral formula milk with similar whey:
casein ratios similar to breast milk can be
administered as nutritional source to preterm
infants.
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