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ABSTRAK
Latar Belakang: Indonesia menduduki peringkat kelima dalam jumlah kelahiran prematur. Bayi prematur rentan terkena
berbagai komplikasi sebagai akibat dari sistem imun yang belum berkembang, sehingga memengaruhi tumbuh kembang bayi
tersebut dan memberikan efek jangka panjang hingga dewasa kelak. Komplikasi tersebut dapat dihindari dengan memenuhi
kebutuhan gizi bayi prematur.
Tujuan: Artikel ini bertujuan untuk menjabarkan karakteristik bayi prematur dalam aspek tumbuh kembang, efek jangka
panjang pada perkembangan, dan efek dari imunitas serta kesehatan pencernaan dari bayi prematur dalam mendukung
pertumbuhan dan perkembangannya.
Metode: Narrative review ini menggunakan artikel sumber primer terbaru dalam 10 tahun terakhir dari PubMed.
Ulasan: Laju dan kemampuan bayi prematur dalam mengejar pertumbuhannya bergantung pada berat dan usia lahirnya, di
mana semakin rendah berat dan usia kelahiran bayi, semakin lambat pula laju pertumbuhannya. Bayi prematur memiliki
struktur otak yang berbeda dengan bayi cukup bulan dan memberikan beragam manifestasi klinis termasuk perubahan
jangka panjang pada perubahan emosi. perilaku, kemampuan kognitif dan fungsi eksekutif. Sistem imun yang imatur pada
bayi prematur mengurangi proteksi dari sistem imun bawaan maupun adaptif terhadap patogen dibandingkan bayi cukup
bulan, termasuk prematuritas komponen mikrobiota pada pencernaan yang memengaruhi penyerapan gizi dan kemampuan
kejar tumbuh kembangnya secara langsung.Pemberian gizi yang sesuai dan adekuat terbukti memberikan efek yang positif
terhadap pertumbuhan flora normal pada sistem pencernaan, sehingga mampu menyerap gizi secara optimal, sehingga
dapat mendukung perbaikan laju tumbuh dan kembang bayi prematur.
Kesimpulan: Pertumbuhan dan perkembangan bayi prematur yang optimal didukung oleh pemberian gizi yang cukup yang
mendukung pertumbuhan mikrobiota saluran cerna, sehingga mampu mendukung proses kejar tumbuh kembang sekaligus
maturitas sistem imun.
Kata kunci: bayi prematur, pertumbuhan pada bayi prematur, perkembangan bayi prematur, kesehatan saluran cerna, sistem
imun, prebiotik, gizi
ABSTRACT
Background: Indonesia comes in the fifth for the greatest number of preterm births. Preterm infants may inflict various
complication as the result of underdeveloped immunity, affecting their growth and development in the long run until they
reach adult phase. Such complications could be prevented through adequate nutrition fulfillment.
Purpose: This article aimed to elaborate the characteristics of growth and development of premature babies, long term effect
on the development and the impact of immunity and gut health of preterm infants in supporting their growth and
development.
Methods: References cited in this article were obtained from the latest primary literature within the last 10 years.
Discussion: The rate and ability of infants to perform catch-up growth depends on the birth weight and gestation age, at
which the lower birth weight and lower gestational age had slower rate. Brain structures that of preterm infants differ
compared to the term, and these changes give rise to various clinical outcomes, including long term emotional, behavioral
changes, cognitive and executive functioning. Immature immune system in preterm infants reduces the protective ability by
innate and adaptive immunity in overcoming pathogens compared to term infants, including gut microbiota prematurity
which affects nutrition absorption and growth and development catch up ability. Appropriate and adequate nutrition
supplementation has shown beneficial effects in promoting the growth of normal gut flora, which allow better absorption of
nutrition and therefore enhancing growth rate and supporting the development of preterm infants.
Conclusions: Optimal growth and development of preterm infants are supported by sufficient nutrition supplementation to
support the growth of gut microbiota, facilitating the catch-up growth and development of premature infants and immune
system maturity.
Keywords: Preterm Infant, Infant Growth, Infant Development, Gut Health, Immune System, Prebiotics, Nutrition
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INTRODUCTION
Fifteen million babies are estimated to be born
prior to 37 weeks of gestation every year in Indonesia.
Currently, Indonesia comes in the fifth place for the
greatest number of preterm births, with almost 700,000
preterm babies are born each year and 10.2% of all birth
are born with low birth weight (LBW).1 Preterm birth also
contributes about one million death in children under 5
years old and the rest of survivals may suffer from
lifelong, detrimental complications that could affect their
growth and development.2
Preterm babies are further categorized according
to its gestational age into extremely preterm, very
preterm, and moderate to late preterm, with each of age
group span between less than 28 weeks, 28-32 weeks,
and 32-37 weeks, respectively.2 Given the incomplete
growth and development in utero, preterm infants are
exposed to various insults extra utero that may inflict
various complications, one of which is due to
underdeveloped immunity. The possible complications
are divided into short- and long-term complication.
Defective respiratory system, temperature, and glucose
regulation, as well as jaundice, feeding difficulties,
infection, intracranial hemorrhage, and periventricular
leukomalacia are some of the short-term outcomes that
may arise from preterm infants. In the long run, they
could undergo several hospital readmissions and develop
neurodevelopmental and neurobehavioral problems. 3
These complications are both the single largest cause of
death among neonates and second most prominent
cause of death for children under 5 years old, 4 therefore
interventions must be adequately planned and
administered to ensure their proper growth and
development.
Adequate
and
appropriate
nutrition
administration greatly contributes to the ability to
perform catch-up growth and development, nevertheless
the immature gastrointestinal system poses another
challenge in conducting so. The underdeveloped
anatomy, physiology, and population of gut microbiota
impede the process of nutritional fulfillment, which
eventually support the ability to prime the immune
system and perform catch-up growth. Therefore,
extensive studies have been carried out to find causation
relationship between prematurity and the role of
nutrition supplementation in achieving proper growth
and development catch-up rate.
METHODS
References cited in this narrative review were
obtained from PubMed on the topics of prematurity,
growth and development, immunity, and gut health. The
author only refers to the most recent articles published in
the last 10 years for each topic.

DISCUSSION
The Impact of Preterm Birth on Child’s Growth
One of the main goals of intervention to the
preterm infants is to achieve growth rates that also
achieved by infants of similar gestational age in the womb
by fulfilling their nutritional requirements.5 Nevertheless,
most preterm infants were unable to meet the needs and
reach this rate, causing significant underweight upon
hospital discharge. Numerous causes contribute to the
inappropriate growth, or growth restriction, and it was
mainly determined by three main features of pregnancy,
which are the mother, the placenta, and the fetus. While
the oxygen and nutrient delivery to placenta are
orchestrated by maternal physiology, the placenta plays
an important role in consuming up to 35% of the oxygen
and glucose extracted from uterine circulation. As the
consequences of impaired systems, infants born with
growth restriction (intrauterine growth restriction/IUGR)
have increased risk of chronic lung condition and other
complicating comorbidities in the short term, prohibiting
them from effectively consuming liquids through enteral
feeding and further aggravating the growth impairment.6
According to their birthweight, newborn infants
are categorized into small-for-gestational-age (SGA) or
appropriate-for-gestational-age (AGA). Infants with
preterm SGA are predisposed to IUGR and nutritional
deficit, which may continue even after several weeks
postnatal, causing impaired growth rate.7 Several
contributing factors to this condition are metabolic and
gastrointestinal immaturity, compromised immune
function, and other perinatal comorbidities including
respiratory problems, anemia, patent ductus arteriosus
(PDA), neonatal sepsis and necrotizing enterocolitis
(NEC). The frail features with thin, subcutaneous fat layer
cause higher basal metabolic rate, as the result of
hypothermic stress and higher energy reserve loss.
Therefore, SGA infants may develop intrauterine chronic
hypoxia due to inability to adapt and utilize energy
ineffectively, leading to low survivality.7,8
Poor postnatal growth signifies the inability to
meet the protein-caloric requirement of constantly
growing neonates, leading to the infant growth arrest
when they supposed to follow an intrauterine growth
pattern.9 Some growth parameters that are failed to be
met by infants with growth failure including time needed
to reach optimum daily intake (120 kcal/kg/day), time
needed to reach full feeding, time needed to regain birth
weight, and weight velocity. A study conducted in
Indonesia showed that SGA and respiratory distress were
able to predict early growth failure in preterm VLBW
infants.7 Inability to meet this nutrition need during early
postnatal life is correlated to long-term health, including
impaired childhood neurodevelopment.6,9 Infants need to
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undergo catch-up (rapid/compensatory) growth, usually
within the first year of life, facilitated by adequate
nutrition to achieve the targeted reference of normal
preterm- or term-born infants.10,11
The ability to perform catch-up growth (CUG) in
the preterm infants allows them in achieving normal
height and weight, depending on the birth weight and its
correlation to gestational age (AGA or SGA). It is found
that nearly 50% of VLBW infants achieved normal height
at age of 2 years, which were 86% of them previously
achieving normal weight one year before. The number
increases following the increasing age. When compared
to infants with extremely low birth weight (ELBW), the
number of children born with VLBW with short stature at
10 years of age is 80% lesser than children born with
ELBW cohort at the same age (7% and 35% respectively).
These short stature on ELBW at age 2, 4, and 10 years was
correlated with SGA with abnormal height and preterm
birth before 28 weeks gestation age.12
Brain Development: Preterm vs Term Infants
Each gestational age demonstrates different
profile of clinical risk, with highest morbidity sustained by
extremely preterm and very preterm group.13 Every
preterm birth signifies sudden termination of brain
development in utero and upon birth, the brain is still
undergone fetal stage of development. Critical phase of
brain development occurs at the late second and third
trimester of pregnancy, whereby increasing cortical
surface area, formation of intraneuronal connection,
myelination, the growth of dendrites and axon, as well as
synaptogenesis took place.14,15 Whereas synaptic pruning
and myelination are more prominent during late
gestation and infancy.14 These phenomena underlie
changes in the brain volume and microstructure of all
preterm subgroups, which is associated with perinatal
morbidities and neurodevelopmental impairment.
Comparative study of brain development
between ex utero preterm and in utero infants with
matched gestational age emphasizes the different rates
at which brain of each groups developed. This study
proved that ex utero preterm infant group underwent
slower brain growth trajectory, along with reduced brain
volume. The reduction occurs in almost every
compartment in the brain, including cerebrum,
cerebellum, brainstem, and intracranial cavity, which is
predisposed by several risk factors including history of
dexamethasone administration, presence of extra-axial
blood, the length of oxygen support and confirmed
sepsis.16 Preterm birth also alters the shape of gyri and
sulci during brain growth through increasing the intensity
and sharpness of gyrification. Various factors are
hypothesized to contribute to these differences, including
differences in homeostatic regulation of the CSF (as the
consequence of changes in blood circulation), high
intrauterine pressure prior to and during labor, stress
hormone release from mother and infants, and postnatal
adaptation to extrauterine life (such as dexamethasone
administration) may modify the brain development
process including gyrification and later head molding.17
The brain of very preterm (VP) infants is
characterized by brain vulnerabilities, as shown by larger
volume of cerebrospinal fluid (CSF), widespread of
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smaller cortical grey matter throughout frontal, parietal,
and temporal, as well as smaller volume of temporal
white matter. Such changes followed pattern of gradient,
whereby the VP infants sustain the most damage, less
damage for mid preterm (MP) infants and least damage
for late preterm (LP) infants.13 Smaller total brain volume
along with smaller volume of cerebellum, hippocampus,
and corpus callosum are associated with lower IQ.18,19 In
addition to this, defect in brain structure corresponds to
each impairment, namely executive functioning (reduced
total brain volume, white matter volume, cerebellar
volumes, corpus callosum size), language (white matter
volume, corpus callosum size), memory (white and grey
matter volume, cerebellar volume, corpus callosum size),
motor skills (cerebellar volumes, corpus callosum
size).19,20
Preterm infants are susceptible to brain injury,
given 33% of them sustains some grade of brain injury in
form of periventricular leukomalacia, intraventricular and
cerebellar hemorrhage, whereas 10% sustains severe
brain injury, an uncommon finding among VP infants. 20,21
Severe brain injury correlated with neurodevelopmental
impairment such as cerebral palsy, delayed cognitive
function, and impaired motor development. Instead, VP
infant survivors were found to show small biparietal
width (BPW) and increased interhemispheric distance
(IHD), signifying insufficient brain growth and large
amount of extracerebral fluid due to disproportional
impaired brain growth relative to skull growth,
respectively.13,20,21 Other study observing the brain
structure in LP infants also found that children born LP
have larger volume of CSF than children born full term
(FT) at 6-13 years old. Not only these structural changes
persist until teenage years and adulthood, but they also
implied in various consequences for each structural
change.18,22
These structural changes on the total brain
volume, grey matter volume and white matter volume in
preterm infants persisted until adult, despite the
continuous brain volume development.15,20 Cerebellar
volume also found to be decreased among their peers
who were born at term, which implied in decreased
emotional well-being.20,23 In VLBW-born adults, altered
brain structures were correlated with birthweight, as it
affect the volume of grey matter, white matter and its
tracts, especially at the temporal lobe.15 These findings
highlight the irreversible changes to the brain as the result
of prematurity.
Long Term Impact of Preterm Birth on Child’s
Development
Disrupted brain structure as one of the
consequences of premature birth contributes to various
clinical repercussions, whose sequelae mainly affects
child’s development.24 Neurodevelopmental impairment
is one of long term, major outcome of failed catch-up
growth of the preterm infants.3,9–11,14 Corpeleijn et al.
hypothesized that neurodevelopmental impairment is
the consequence of poor growth, yet both conditions are
the result of inadequate nutritional intake.6 This
statement is supported by various studies that pointing
out the importance of infants’ ability to perform catch up
grow. Positive outcome on neurodevelopmental domain
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is correlated with increasing weight and BMI,14 as well as
increasing head circumference,25 especially when it is
achieved before 12 months corrected age.
The infants’ birth weight in relation to
gestational age, whether they born as an AGA or SGA, has
also been associated with impaired growth and
neurodevelopment.25–28 SGA-born preterm infants were
found to experience intrauterine growth restriction
(IUGR) and keeping their short and frail figures
throughout childhood, as well as correlated with negative
outcome on health risk in the long run.28 On the other
hand, growth restriction can also occur following the birth
and cause extrauterine growth restriction (EUGR), which
also possess similar association to such impairments. 26,29
The ability of performing CUG, especially in SGA cohort, is
essential as it correlates with IQ score, school
performance, behavioral problems, hence emphasizing
the critical role of optimal early nutrition.10,14,20,26 Preterm
infants who were able to perform CUG, regardless of the
state that they were born, are able to grow up to the
normal grown children although much longer time
needed for SGA infants.11,28
As aforementioned in the previous paragraphs,
prematurity occurs during which in utero brain
development is on its critical period. It is during which the
volume of brain, both global and regional, expands by
three- to fourfold.21 Hence, any disruption during this
period of development will give rise to multidomain brain
dysfunction, including general intelligence, attention,
executive function, memory, language, and motor
skills.20,30–32 Lower IQ and math scores has also been
reported to be found in preterm-born child6,19,33,34 as well
as preterm adolescents.35 Another study reported that
through certain period of training program, white matter
of preterm-born child may change through increasing
neurite density, reflecting the brain plasticity.36
Cognitive skills are acquired through complex
process of bidirectional interaction with their
environment and the impaired neurodevelopment
capability of the preterm infants may lead to cognitive
delay.19,20 Aside from brain developmental disruption,
early motor development including quality of general
movement may also predict the cognitive skills at least up
to 10 years of age.31,37 Nevertheless, postural control or
quality of movement become a better evident of
cognitive ability compared to timing of motor
development.31 Some factors that contribute to the
motor performance are related to disrupted brain
structure, such as are the incidence of periventricular
hemorrhage, head circumference, and size of corpus
callosum, which later affect development of some motor
domains including fine motor, gross motor, and visualmotor integration.24,38
Behavioral changes have also become one of
the consequences of prematurity which comprise of
different entity of psychiatric domains, including
internalization (anxiety, depression), externalization
(aggression, social skills, impulsiveness), mental health,
and temperament. The contribution of lower gestation
age and birthweight are believed to play major role as
biological risk factors influencing behavioral changes
among preterm-born children.24 Consequently, changes
in brain structure takes place, such as reduced cerebellar
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volumes.23
Prematurity would also affect the mental health
status of children-born premature infants and exhibit
various consequences. It is reported that adolescent-born
would experience difficulty in transitioning from
childhood, would encounter more frequent problems at
school and would experience anxiety and depressive
symptoms.39 School performance of premature-born
children is found to be associated with various variables,
such as gestation age at birth, birth weight, and head
circumference.24,35 On the other hand, adults-born
preterm were reported to be at higher risk of anxiety or
depression by fourfold, act more cautious and shy, which
may underlie social difficulties they experience.40,41
Immunity and Gut Health Contribution in Supporting
Growth & Development of Preterm Infant
Every term newborn is equipped with
untrained, elementary form of adaptive immune system
and almost fully rely on their mothers’ IgG transmitted
through placenta during the last three months of
gestation.42–44 Further activation of these immune
components needs protein component from mother’s
milk, leading to initiation of response to gut pathogen
through TLR binding and signal transduction. At the same
time, gestation governs the innate immune response in
newborns and any impaired innate immune response is
most probably generated from insults to the in utero
developmental process.42
Prematurely born infants may not be able to
completely develop and generate immature innate
immune system, exposing the infants to infection.43 Early
termination of gestation is often elicited by inflammatory
processes underlying the premature ripening of cervix,
premature rupture of membranes and infection of the
ruptured membranes during labor.45 These events are
linked to disproportionate of white blood cells, therefore
impairing the response towards pathogens 46,47 and
eventually leading to abnormal distribution and pattern
of gut bacteria in preterm infants. Various port de entrée
further promotes the invasion of microbes in preterm
infants with multiple invasive, intercompartment access.
With immature immune components, infectious diseases
will easily aggravate and cause detrimental effects on
vital organs, such as brain and intestine as source of
nutrition absorption for the infants. 44,48
Regulatory cytokines, which initially decreased
among preterm infants, would increase within the first
week of life as an induced immune response to diverse
environmental insults including IgA antibodies, T cells and
interleukins specific towards microbial invasion. 45
Environmental agents (normal microflora) initially
interact with the immune system through the gut—
associated lymphoid tissue (GALT), facilitated by
Pathogen Recognition Receptors (PRRs) through
recognition of Microbial Associated Molecular Patterns
(MAMPs) to achieve mature and balanced Th1/Th2
immune response through repeated exposure to
pathogens.49,50 Maturation of the gut immune system
also involve breastfeeding, as it contains varying
components of immune system and human milk
oligosaccharides (HMOs), a prebiotic component in
breast milk. Mothers of preterm infants have varying
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composition of secreted IgA (sIgA) and HMO compared to
mothers who gave birth to term infants, as an effort to
compensate the inadequate immune systems, affect gut
microbiota composition and later contribute to gut
maturation, respectively.51–53 If Th1/Th2 balance is not
achieved and the polarity tilted towards Th1, immune
system would shift towards pro-inflammatory and causes
necrotizing enterocolitis (NEC).54
Incomplete maturation of the immune systems
in preterm infants reduces the protection by leukocytes
in combating bacterial and viral invasion compared to
term infants.54 As the in-utero gut development is
terminated in premature birth, the physical and
physiological properties of the gastrointestinal system are
also impaired, including less active digestive enzymes,
immature motility functions, limited absorptive capacity
and increased gut permeability.55 Such problems gave
birth to the biggest task in fulfilling the nutritional needs.
Despite these differences, the parts of immune cell
population converge and shares with those belong to
term infants, although other populations such as B,
natural killers (NK), and dendritic cells (DCs) were found
to develop within the first 3 months and reached the
phenotype of that of adult. Such events construe the
setpoint of which environmental exposures construct the
varying human immune system, regardless of each
infants’ susceptibility towards external insults.45,49
Underdeveloped gastrointestinal system in
preterm infants allows incomplete macronutrient
digestion and absorption, triggering inflammatory
reaction upon undigested content in intestinal lumen. 55
Such consequences could possibly impede the growth
and development in preterm infants, as suggested by
previous studies.56,57 Gut microbiota as a vital component
of digestive system will gradually increase in diversity as
infants get older. In digestion process, gut microbiota
serves various functions, comprising of (1) aids nutrient
absorption through degradation of host-generated
compounds (metabolic), (2) supports the structural
development of gastrointestinal tract (trophic), and (3)
acts as barrier towards pathogens.58–60 Method of
delivery, dietary intake, and gestation age determine the
diversification of gut microbiota,60 hence preterm-born
infants who are exposed to hospital environment,
invasive medical equipment and devices, antibiotics
administration and parenteral nutrition allow invasion of
opportunistic pathogens compared to term newborn.60,61
Gut microbiota in preterm infants would undergo three
phases of maturity, addressed as P1, P2, P3. Dominating
facultative anaerobes (e.g., Bacilli) and low level of
microbiota diversity predominantly occur in P1, whereas
P2 is characterized by domination of obligate anaerobes
(e.g., Gammaproteobacteria) and diversifying microbiota,
parallel to increasing stool consistency from meconium to
normal postnatal stool. P3 phase is when Clostridia
dominates and focused on fermentation-based
metabolism including lactic acid production.57,62
Progression of each phase is determined by
postmenstrual age (PMA), as well as nutritional factors,
diuretics, and antibiotics, as a study shows that transition
from P2 to P3 occurred around PMA 29-30 weeks.57,62
Microbiota transition in accordance with phase
and infant growth were found to be related to total
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caloric intake and ratio of lipids, proteins, and
carbohydrates. Lipid intake is associated with increasing
population of Actinobacteria and Proteobacteria,
whereas protein intake with Firmicutes and carbohydrate
intake with all three commensal bacteria.57 P1 microbiota
is associated with higher protein proportion, suggesting
higher growth rate and transition to P2 when increased
protein
and
lipid.57
Major
population
of
Enterobacteriaceae, Clostridium, Streptococcus, and
Bacteroides in P3 contribute to the increasing capacity of
infant to digest food and harvest energy.50,56,63 In other
words, extraction of macronutrients increases and
becomes more effective as the population of gut
microbiota becomes more diverse. Nevertheless, optimal
development of gut microbiota may give positive
contribution to enhanced growth rate and support
development in children through adequate nutrition
fulfillment. 50,56,57,60
CONCLUSION
Catching up growth and development in
preterm infants necessitate adequate fulfillment of
nutrition. Subsequently, maturation of brain, gut, and
immune system are achievable and at the same time,
impeding detrimental and life-threatening complications
resulted from immature immune response. In other
words, optimal growth and development of preterm
infants are supported by optimum nutrition
supplementation, facilitated by normal gut flora.
ACKNOWLEDGEMENT
The authors would like to thank Danone SN
Indonesia for funding the publication of this article.
REFERENCES
1.
2.
3.

4.

5.

6.

7.

8.

Badan Penelitian dan Pengembangan Kesehatan.
Riset Kesehatan Dasar (RISKESDAS). (2013).
Haas, D. M. Preterm birth. BMJ Clin. Evid. 2011,
1404 (2011).
Natarajan, G. & Shankaran, S. Short- and LongTerm Outcomes of Moderate and Late Preterm
Infants. Am. J. Perinatol. 33, 305–317 (2016).
The World Health Organization. WHO
recommendations on interventions to improve
preterm
birth
outcomes.
www.who.int/reproductivehealth (2015).
McKenzie, B. L., Edmonds, L., Thomson, R.,
Haszard, J. J. & Houghton, L. A. Nutrition
Practices and Predictors of Postnatal Growth in
Preterm Infants During Hospitalization: A
Longitudinal Study. J. Pediatr. Gastroenterol.
Nutr. 66, 312–317 (2018).
Corpeleijn, W. E., Kouwenhoven, S. M. P. & Van
Goudoever, J. B. Optimal growth of preterm
infants. World Rev. Nutr. Diet. 106, 149–155
(2013).
Leksomono, N., Haksari, E. L. & Sutomo, R.
Predictors of early growth failure in preterm,
very low birth weight infants during
hospitalization. Paediatr. Indones. 59, 44–50
(2014).
Rover, M. M. S., Viera, C. S., Silveira, R. C.,

©2021. Medise. Open access under CC BY – SA license.
Received: 08-07-2021. Accepted: 17-09-2021. Published online: 30-09-2021.
doi: 10.20473/amnt. V5i1SP.2021.27-33. Joinly Published by IAGIKMI & Universitas
Airlangga

Medise. Amerta Nutr (2021).supl.27-33.
DOI: 10.20473/amnt.V5i1SP.2021.27-33.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Guimarães, A. T. B. & Grassiolli, S. Risk factors
associated with growth failure in the follow-up of
very low birth weight newborns. J. Pediatr. (Rio.
J). 92, 307–313 (2016).
Zozaya, C., Díaz, C. & De Pipaón, M. S. How
Should We Define Postnatal Growth Restriction
in Preterm Infants? Neonatology 114, 177–180
(2018).
Ong, K. et al. Postnatal growth in preterm infants
and later health outcomes: a systematic review.
Acta Paediatr. 104, 974–986 (2015).
Toftlund, L. H., Halken, S., Agertoft, L. &
Zachariassen, G. Catch-Up Growth, Rapid Weight
Growth, and Continuous Growth from Birth to 6
Years of Age in Very-Preterm-Born Children.
Neonatology 114, 285–293 (2018).
Durá-Travé, T., Martín-García, I. S., GallinasVictoriano, F., Chueca-Guindulain, M. J. &
Berrade-Zubiri, S. Catch-up growth and
associated factors in very low birth weight
infants. An. Pediatría (English Ed. 93, 282–288
(2020).
Thompson, D. K. et al. Characterisation of brain
volume and microstructure at term-equivalent
age in infants born across the gestational age
spectrum. NeuroImage Clin. 21, 101630 (2019).
Belfort, M. B. et al. Infant growth before and
after term: Effects on neurodevelopment in
preterm infants. Pediatrics 128, 899–906 (2011).
Pascoe, M. J., Melzer, T. R., Horwood, L. J.,
Woodward, L. J. & Darlow, B. A. Altered grey
matter volume, perfusion and white matter
integrity in very low birthweight adults.
NeuroImage Clin. 22, (2019).
Bouyssi-Kobar, M. et al. Third trimester brain
growth in preterm infants compared with in
utero healthy fetuses. Pediatrics 138, (2016).
Lefèvre, J. et al. Are developmental trajectories
of cortical folding comparable between crosssectional datasets of fetuses and preterm
newborns? Cereb. Cortex 26, 3023–3035 (2016).
Brumbaugh, J. E. et al. Altered brain function,
structure, and developmental trajectory in
children born late preterm. Pediatr. Res. 80,
197–203 (2016).
Taylor, H. G. et al. Brain volumes in adolescents
with very low birth weight: Effects on brain
structure
and
associations
with
neuropsychological
outcomes.
Dev.
Neuropsychol. 36, 96–117 (2011).
de Kieviet, J. F., Zoetebier, L., van Elburg, R. M.,
Vermeulen, R. J. & Oosterlaan, J. Brain
development of very preterm and very lowbirthweight children in childhood and
adolescence: a meta-analysis. Dev. Med. Child
Neurol. 54, 313–323 (2012).
Kidokoro, H. et al. Brain injury and altered brain
growth in preterm infants: Predictors and
prognosis. Pediatrics 134, (2014).
You, J., Shamsi, B. H., Hao, M., Cao, C.-H. & Yang,
W.-Y. A study on the neurodevelopmental
outcomes of late preterm infants. BMC Neurol.
19, (2019).

32

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Brossard-Racine, M., du Plessis, A. J. &
Limperopoulos, C. Developmental Cerebellar
Cognitive Affective Syndrome in Ex-preterm
Survivors
Following
Cerebellar
Injury.
Cerebellum 14, 151–164 (2015).
Moreira, R. S., Magalhães, L. C. & Alves, C. R. L.
Effect of preterm birth on motor development,
behavior, and school performance of schoolaage children: A systematic review. J. Pediatr.
(Rio. J). 90, 119–134 (2014).
Sammallahti, S. et al. Infant growth after preterm
birth and neurocognitive abilities in young
adulthood. J. Pediatr. 165, 1109-1115.e3 (2014).
Guellec, I. et al. Effect of Intra- and Extrauterine
Growth on Long-Term Neurologic Outcomes of
Very Preterm Infants. J. Pediatr. 175, 93-99.e1
(2016).
Murray, E. et al. Differential Effect of
Intrauterine Growth Restriction on Childhood
Neurodevelopment: A Systematic Review. BJOG
An Int. J. Obstet. Gynaecol. 122, 1062–1072
(2015).
Ruys, C. A. et al. Early-life growth of preterm
infants and its impact on neurodevelopment.
Pediatr. Res. 85, 283–292 (2019).
Pampanini, V. et al. Preterm infants with severe
extrauterine growth retardation (EUGR) are at
high risk of growth impairment during childhood.
Eur. J. Pediatr. 174, 33–41 (2014).
de Vries, L. S., Benders, M. J. N. L. & Groenendaal,
F. Progress in Neonatal Neurology with a Focus
on Neuroimaging in the Preterm Infant.
Neuropediatrics 46, 234–241 (2015).
Oudgenoeg-Paz, O., Mulder, H., Jongmans, M. J.,
van der Ham, I. J. M. & Van der Stigchel, S. The
link between motor and cognitive development
in children born preterm and/or with low birth
weight: A review of current evidence. Neurosci.
Biobehav. Rev. 80, 382–393 (2017).
Kieviet, J. F. de et al. A crucial role for white
matter alterations in interference control
problems of very preterm children. Pediatr. Res.
75, 731–737 (2014).
Bäuml, J. G. et al. The association of children’s
mathematic abilities with both adults’ cognitive
abilities and intrinsic fronto-parietal networks is
altered in preterm-born individuals. Brain Struct.
Funct. 222, 799–812 (2017).
Basten, M., Jaekel, J., Johnson, S., Gilmore, C. &
Wolke, D. Preterm Birth and Adult Wealth:
Mathematics Skills Count. Psychol. Sci. 26, 1608–
1619 (2015).
Cheong, J. L. Y. et al. Contribution of Brain Size to
IQ and Educational Underperformance in
Extremely Preterm Adolescents. PLoS One 8,
(2013).
Kelly, C. E. et al. Working memory training and
brain structure and function in extremely
preterm or extremely low birth weight children.
Hum. Brain Mapp. 41, 684–696 (2020).
Mulder, H., Oudgenoeg-Paz, O., Hellendoorn, A.
& Jongmans, M. J. How Children Learn to
Discover Their Environment: An Embodied

©2021. Medise. Open access under CC BY – SA license.
Received: 08-07-2021. Accepted: 17-09-2021. Published online: 30-09-2021.
doi: 10.20473/amnt. V5i1SP.2021.27-33. Joinly Published by IAGIKMI & Universitas
Airlangga

Medise. Amerta Nutr (2021).supl.27-33.
DOI: 10.20473/amnt.V5i1SP.2021.27-33.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Dynamic Systems Perspective on the
Development
of
Spatial
Cognition.
Neuropsychol. Sp. Spat. Funct. Hum. Brain 309–
360 (2017).
Goyen, T. A., Lui, K. & Hummell, J. Sensorimotor
skills associated with motor dysfunction in
children born extremely preterm. Early Hum.
Dev. 87, 489–493 (2011).
de Jong, M., Verhoeven, M. & van Baar, A. L.
School outcome, cognitive functioning, and
behaviour problems in moderate and late
preterm children and adults: A review. Semin.
Fetal Neonatal Med. 17, 163–169 (2012).
Burnett, A. C. et al. Prevalence of psychiatric
diagnoses in preterm and full-term children,
adolescents and young adults: A meta-analysis.
Psychol. Med. 41, 2463–2474 (2011).
Eryigit-Madzwamuse, S., Strauss, V., Baumann,
N., Bartmann, P. & Wolke, D. Personality of
adults who were born very preterm. Arch. Dis.
Child. Fetal Neonatal Ed. 100, F524–F529 (2015).
Nussbaum, C. & Sperandio, M. Innate immune
cell recruitment in the fetus and neonate. J.
Reprod. Immunol. 90, 74–81 (2011).
Luciano, A. A., Yu, H., Jackson, L. W., Wolfe, L. A.
& Bernstein, H. B. Preterm labor and
chorioamnionitis are associated with neonatal T
cell activation. PLoS One 6, (2011).
Collado, M. C. et al. Factors influencing
gastrointestinal tract and microbiota immune
interaction in preterm infants. Pediatr. Res. 77,
726–731 (2015).
Olin, A. et al. Stereotypic Immune System
Development in Newborn Children. Cell 174,
1277-1292.e14 (2018).
Sharma, A. A., Jen, R., Butler, A. & Lavoie, P. M.
The developing human preterm neonatal
immune system: A case for more research in this
area. Clin. Immunol. 145, 61–68 (2012).
Strunk, T., Currie, A., Richmond, P., Simmer, K. &
Burgner, D. Innate immunity in human newborn
infants: Prematurity means more than
immaturity. J. Matern. Neonatal Med. 24, 25–31
(2011).
Walker, J. C. et al. Development of Lymphocyte
Subpopulations in Preterm Infants. Scand. J.
Immunol. 73, 53–58 (2011).
Wopereis, H., Oozeer, R., Knipping, K., Belzer, C.
& Knol, J. The first thousand days - intestinal
microbiology of early life: Establishing a
symbiosis. Pediatr. Allergy Immunol. 25, 428–
438 (2014).
Tamburini, S., Shen, N., Wu, H. C. & Clemente, J.
C. The microbiome in early life: Implications for
health outcomes. Nat. Med. 22, 713–722 (2016).
De Leoz, M. L. A. et al. Lacto-N-tetraose,
fucosylation, and secretor status are highly
variable in human milk oligosaccharides from
women delivering preterm. J. Proteome Res. 11,
4662–4672 (2012).
Underwood, M. A. et al. Human milk
oligosaccharides
in
premature
infants:
Absorption, excretion, and influence on the

33

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

intestinal microbiota. Pediatr. Res. 78, 670–677
(2015).
Bode, L. Human milk oligosaccharides: Every
baby needs a sugar mama. Glycobiology 22,
1147–1162 (2012).
Melville, J. M. & Moss, T. J. M. The immune
consequences of preterm birth. Front. Neurosci.
21, 79 (2013).
Henderickx, J. G. E., Zwittink, R. D., Van Lingen, R.
A., Knol, J. & Belzer, C. The preterm gut
microbiota: An inconspicuous challenge in
nutritional neonatal care. Front. Cell. Infect.
Microbiol. 9, (2019).
Arboleya, S. et al. Intestinal microbiota and
weight-gain in preterm neonates. Front.
Microbiol. 8, 183 (2017).
Grier, A. et al. Impact of prematurity and
nutrition on the developing gut microbiome and
preterm infant growth. Microbiome 5, 158
(2017).
Al-Asmakh, M. & Zadjali, F. Use of germ-free
animal models in microbiota-related research. J.
Microbiol. Biotechnol. 25, 1583–1588 (2015).
Yu, Y., Lu, L., Sun, J., Petrof, E. O. & Claud, E. C.
Preterm infant gut microbiota affects intestinal
epithelial development in a humanized
microbiome gnotobiotic mouse model. Am. J.
Physiol. - Gastrointest. Liver Physiol. 311, G521–
G532 (2016).
Yang, I. et al. The infant microbiome:
Implications for infant health and neurocognitive
development. Nurs. Res. 65, 76–88 (2016).
Gregory, K. E. et al. Influence of maternal breast
milk ingestion on acquisition of the intestinal
microbiome in preterm infants. Microbiome 4,
68 (2016).
Tirone, C. et al. Gut and Lung Microbiota in
Preterm Infants: Immunological Modulation and
Implication in Neonatal Outcomes. Front.
Immunol. 10, 2910 (2019).
Krajmalnik-Brown, R., Ilhan, Z. E., Kang, D. W. &
DiBaise, J. K. Effects of gut microbes on nutrient
absorption and energy regulation. Nutr. Clin.
Pract. 27, 201–214 (2012).

©2021. Medise. Open access under CC BY – SA license.
Received: 08-07-2021. Accepted: 17-09-2021. Published online: 30-09-2021.
doi: 10.20473/amnt. V5i1SP.2021.27-33. Joinly Published by IAGIKMI & Universitas
Airlangga

