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Abstract

Background: Low birth weight (LBW) infants are highly vulnerable to postnatal growth failure
due to physiological immaturity, increased metabolic demands, and feeding-related
complications. Early feeding challenges may interfere with adequate nutritional intake during
a critical period of growth and development, thereby impairing catch-up growth. Objective:
This narrative review aimed to synthesize current evidence regarding early feeding challenges
as barriers to catch-up growth in LBW infants. Methods: A narrative literature search was
conducted using PubMed, Scopus, ScienceDirect, and Google Scholar databases. Relevant
articles published between 2016 and 2026 were reviewed, focusing on feeding difficulties,
nutritional management, and growth outcomes in LBW infants. Results: Early feeding
challenges in LBW infants include impaired suck—swallow coordination, feeding intolerance,
delayed enteral feeding progression, breastfeeding difficulties, and inadequate post-discharge
feeding support. These factors may contribute to insufficient energy and protein intake,
impaired nutrient utilization, and persistent growth faltering. Inadequate catch-up growth is
associated with adverse neurodevelopmental, immunological, and metabolic outcomes.
Conclusion: Early feeding challenges are major barriers to optimal catch-up growth in LBW
infants. Comprehensive nutritional and multidisciplinary interventions are essential to
support balanced postnatal growth and improve long-term health outcomes.
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Introduction

Low birth weight (LBW), defined as a birth weight below 2500 g regardless of gestational
age, remains a major global public health concern in neonatal and child nutrition.® According
to recent joint estimates from the World Health Organization (WHO) and United Nations
Children's Fund (UNICEF), approximately 19.8 million infants worldwide were born with LBW
in 2020, accounting for nearly 14.7% of all live births globally.? Despite ongoing international
efforts to reduce maternal and neonatal malnutrition, the global prevalence of LBW has
declined only modestly over the past two decades, suggesting that the WHO target of a 30%
reduction in LBW may not be achieved in many regions.®> The burden of LBW is
disproportionately concentrated in low- and middle-income countries (LMICs), particularly in
South Asia and Sub-Saharan Africa, where maternal undernutrition, infection, inadequate
antenatal care, and socioeconomic vulnerability remain prevalent.*> Prematurity remains one
of the major contributors to LBW, particularly in LMIC settings. A recent meta-analysis from
Indonesia identified multiple determinants of prematurity, including maternal health
conditions, inadequate antenatal care, and socioeconomic factors, many of which overlap
with risk factors for LBW.®

LBW infants are highly susceptible to adverse short- and long-term health outcomes.
During the neonatal period, LBW is strongly associated with increased risks of mortality,
respiratory complications, feeding intolerance, infection, and prolonged hospitalization.”
Beyond infancy, LBW has also been linked to impaired neurodevelopment, persistent growth
faltering, reduced cognitive performance, and a higher risk of chronic non-communicable
diseases later in life. Consequently, promoting optimal postnatal growth among LBW infants
has become a major priority in pediatric nutrition and neonatal care.®

Catch-up growth refers to an accelerated pattern of growth that occurs following a
period of intrauterine or postnatal growth restriction, allowing infants to approach their
genetically determined growth trajectory.’ In LBW infants, adequate catch-up growth during
early life is essential for improving survival, immune function, neurodevelopmental outcomes,
and overall long-term health.'° Previous studies have demonstrated that LBW and small-for-
gestational-age (SGA) infants who achieve successful catch-up growth within the first two

years of life tend to have better developmental and cognitive outcomes than those who
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remain growth restricted.>'> However, catch-up growth in LBW infants is frequently
suboptimal, particularly among infants with neonatal complications and those living in
resource-limited settings.

Early nutrition plays a critical role in shaping postnatal growth trajectories in LBW
infants. Due to limited nutrient reserves, immature gastrointestinal function, and increased
metabolic demands, LBW infants require timely and adequate nutritional support
immediately after birth.!®> Nevertheless, achieving sufficient nutrient intake during the
neonatal period remains challenging. Several studies have identified early feeding difficulties
as common complications among LBW and preterm infants, including poor suck—swallow—
breathe coordination, feeding intolerance, delayed advancement of enteral feeding,
gastrointestinal immaturity, and breastfeeding difficulties.'*#'> These feeding-related
problems frequently result in inadequate energy and protein intake during a critical period of
growth and organ development.1¢17

Feeding intolerance has emerged as one of the major barriers to achieving optimal
nutritional intake in vulnerable neonates.'® Recent evidence suggests that feeding intolerance
is associated with extrauterine growth restriction and adverse neurodevelopmental outcomes
among preterm and small-for-gestational-age infants!®2°. Similarly, observational studies
have reported that suboptimal feeding practices during early infancy are associated with poor
weight gain and growth faltering among LBW infants.?%22 Persistent growth faltering during
infancy may subsequently increase the risk of undernutrition, recurrent infection, impaired
immune function, and long-term developmental deficits.?

In addition to physiological immaturity, the transition from hospital-based nutritional
care to home feeding practices may further complicate postnatal growth recovery in LBW
infants.?* Maternal stress, delayed lactogenesis, inadequate breastfeeding support, limited
caregiver knowledge, and inconsistent post-discharge follow-up may contribute to insufficient
nutritional intake during early infancy. These barriers are particularly pronounced in LMIC
settings, where healthcare limitations and food insecurity may further exacerbate the risk of
growth failure.>~%’

Although previous reviews have extensively discussed nutritional management

strategies and growth outcomes in LBW infants, limited attention has been given to the
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specific role of early feeding challenges as barriers to successful catch-up growth. Most
existing reviews primarily focus on nutrient requirements, feeding protocols, or long-term
metabolic consequences, rather than integrating the physiological and clinical mechanisms
through which feeding difficulties impair postnatal growth recovery. Given the critical
importance of early nutrition during the neonatal period, a comprehensive understanding of
the mechanisms linking feeding challenges to impaired catch-up growth is essential for
improving nutritional interventions and clinical management in LBW infants. Therefore, this
narrative review aims to synthesize current evidence regarding early feeding challenges as
major barriers to catch-up growth LBW infants, with particular emphasis on the physiological,

nutritional, and clinical pathways underlying impaired postnatal growth outcomes.

Method

A narrative literature search was conducted using PubMed, Scopus, ScienceDirect, and
Google Scholar databases. Relevant articles published in English between January 2016 and
June 2026 were considered. The literature search was conducted on May 15™ 2026. The

Zan

search strategy included combinations of keywords such as “low birth weight,” “catch-up
growth,” “feeding difficulties,” “feeding intolerance,” “breastfeeding,” and “infant nutrition.”
Original studies, clinical trials, cohort studies, systematic reviews, and narrative reviews
addressing feeding-related barriers and growth outcomes in LBW infants were included.
Articles focusing exclusively on congenital anomalies or unrelated pediatric conditions were

excluded. The selected literature was narratively synthesized to explore the relationship

between early feeding challenges and impaired catch-up growth in LBW infants.

Catch-Up Growth on Low Birth Weight Infants

LBW infants represent a heterogeneous population consisting of both preterm infants
and term infants with intrauterine growth restriction or SGA status. Although both groups
share an increased risk of postnatal growth failure, the underlying mechanisms differ
substantially.?®?° Preterm LBW infants primarily experience physiological immaturity,
including underdeveloped gastrointestinal, neurological, and metabolic functions, whereas
term-SGA infants often exhibit altered fetal programming and limited nutrient reserves

resulting from chronic intrauterine malnutrition. These differences may influence feeding
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tolerance, nutritional requirements, and the capacity to achieve adequate catch-up growth.3°

Catch-up growth is a critical adaptive process in LBW infants that aims to restore growth
toward the child’s genetically determined trajectory following intrauterine or early postnatal
growth restriction.3! In clinical practice, catch-up growth is commonly characterized by
accelerated weight and linear growth during infancy, particularly within the first two years of
life, which represents a sensitive developmental window for organ maturation and
neurodevelopment.3? Previous evidence has demonstrated that adequate catch-up growth is
associated with improved immune competence, reduced infection risk, enhanced
neurocognitive outcomes, and lower rates of persistent stunting among LBW infants.33

Nevertheless, successful catch-up growth is not consistently achieved in all LBW infants.
Several longitudinal studies have reported that a substantial proportion of preterm and small-
for-gestational-age infants fail to attain adequate linear or ponderal growth during early
childhood.}*343> A recent review reported that approximately 13-40% of preterm SGA
children failed to achieve adequate catch-up growth by four years of age, highlighting the
long-term vulnerability of this population.?® This impaired growth trajectory is influenced by
multiple biological and environmental determinants, including neonatal complications,
chronic inflammation, inadequate nutrition, recurrent infection, and socioeconomic
adversity.36:37

Although accelerated postnatal growth is generally considered beneficial in LBW infants,
the quality and timing of catch-up growth remain clinically important. Excessively rapid weight
gain during infancy has been associated with increased adiposity, insulin resistance, and later
metabolic syndrome, supporting the developmental origins of health and disease (DOHaD)
hypothesis.3®3° Therefore, nutritional management in LBW infants should not solely aim to
promote rapid weight gain, but rather to achieve balanced growth characterized by adequate

lean body mass accretion and optimal neurodevelopmental outcomes.*°

Early Feeding Challenges in Low Birth Weight Infants
Early feeding challenges are among the most common complications encountered in
LBW infants and represent major barriers to achieving adequate postnatal growth.*! Due to

physiological immaturity, many LBW infants experience impaired suck—swallow—breathe
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coordination, weak oral motor function, delayed gastric emptying, and immature
gastrointestinal motility, all of which contribute to feeding difficulties during the neonatal
period. These problems are particularly pronounced among preterm LBW infants requiring
respiratory support or prolonged neonatal intensive care.**? Previous neonatal studies have
consistently shown that feeding difficulties often delay the establishment of full enteral
feeding and increase the risk of cumulative nutritional deficits during the early postnatal
period.*344

Feeding intolerance is another major challenge frequently observed in LBW infants.
Clinical manifestations such as gastric residuals, abdominal distension, regurgitation, and
vomiting often lead clinicians to interrupt or slow enteral feeding advancement.® While
cautious feeding progression is important to reduce the risk of necrotizing enterocolitis,
prolonged feeding interruption may compromise nutrient delivery during a critical period of
rapid growth and organ development.* Emerging evidence indicates that feeding intolerance
is associated with extrauterine growth restriction and adverse neurodevelopmental outcomes
among vulnerable neonates.'%46

Breastfeeding challenges also substantially contribute to inadequate nutritional intake
in LBW infants. Maternal stress, delayed lactogenesis, maternal-infant separation during
hospitalization, and poor infant latch frequently interfere with successful breastfeeding
initiation and continuation.*” Maternal psychological well-being may also influence feeding
success. Emerging evidence suggests that inadequate attention to perinatal mental health
may negatively affect breastfeeding practices, maternal confidence, and caregiving capacity,
potentially contributing to feeding difficulties among high-risk infants.*® In many LMIC
settings, inadequate breastfeeding counseling and limited lactation support further
exacerbate feeding problems after hospital discharge.*® Observational studies have shown
that inappropriate feeding practices and inadequate caloric intake during infancy are strongly
associated with growth faltering and poor weight gain in LBW infants.>%>!

The transition from hospital-based nutritional support to home feeding practices also
represents a critical period of vulnerability. Following discharge, many caregivers face
difficulties in maintaining optimal feeding frequency, formula preparation, breast milk

expression, or responsive feeding practices.”? Limited follow-up monitoring and poor
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caregiver education may further contribute to insufficient nutrient intake and delayed growth
recovery>3. Caregiver nutrition literacy is increasingly recognized as a key determinant of
infant feeding practices. Poor nutrition knowledge may compromise breastfeeding
continuation, complementary feeding decisions, and adherence to nutritional
recommendations, thereby increasing the risk of growth faltering among vulnerable infants.>*
These findings suggest that feeding challenges in LBW infants are not limited to physiological
immaturity alone but are also influenced by healthcare, psychosocial, and socioeconomic
factors.”

Because LBW infants enter postnatal life with limited nutrient reserves and elevated
metabolic demands, achieving normal growth velocity requires substantially greater
nutritional support compared with term infants with normal birth weight.>® However,
persistent feeding difficulties frequently prevent LBW infants from meeting these increased
nutritional requirements, thereby impairing the attainment of optimal catch-up growth. The
major feeding challenges identified across the reviewed literature and their potential

implications for nutritional status and catch-up growth are summarized in Table 1.

Table 1. Major Early Feeding Challenges and Their Potential Impact on Catch-Up Growth in LBW
Infants

Potential Nutritional Potential Impact on

Feeding Challenge Key Features
Consequences Catch-Up Growth
Oral feeding Poor suck—swallow—  Reduced feeding Delayed weight gain
difficulties breathe efficiency and milk and impaired growth
coordination, weak transfer recovery
oral motor function
Feeding intolerance  Gastric residuals, Interrupted or Cumulative energy
vomiting, abdominal delayed enteral and protein deficits
distension feeding
Gastrointestinal Delayed gastric Reduced nutrient Impaired nutrient
immaturity emptying, reduced digestion and utilization and
digestive capacity absorption growth
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Potential Nutritional Potential Impact on

Feeding Challenge Key Features
Consequences Catch-Up Growth
Breastfeeding Delayed Insufficient breast Suboptimal
challenges lactogenesis, milk intake nutritional intake
maternal—infant during early infancy
separation, poor
latch
Post-discharge Limited caregiver Inconsistent feeding  Increased risk of
feeding challenges knowledge, practices and persistent growth
inadequate feeding nutrient intake faltering

support, poor follow-

up

Each feeding challenge may impair growth through distinct physiological pathways. Oral
feeding difficulties primarily reduce feeding efficiency and milk transfer, leading to inadequate
energy intake. Feeding intolerance often results in delayed enteral feeding progression and
cumulative nutrient deficits. Gastrointestinal immaturity compromises nutrient digestion and
absorption, reducing nutrient bioavailability. Breastfeeding challenges may limit breast milk
intake during a critical period of growth, while post-discharge feeding challenges can result in
inconsistent feeding practices and prolonged nutritional inadequacy. Together, these

mechanisms contribute to impaired catch-up growth in LBW infants.

Mechanisms Linking Feeding Challenges to Failure of Catch-Up Growth

The relationship between feeding difficulties and impaired catch-up growth in LBW
infants is multifactorial and involves complex physiological, metabolic, and nutritional
pathways. One of the primary mechanisms is inadequate energy and protein intake resulting
from insufficient feeding tolerance or delayed feeding progression.'® LBW infants have
substantially higher nutritional requirements than term infants because of rapid tissue
accretion, increased metabolic demand, and limited endogenous nutrient reserves.
Consequently, even short periods of nutritional interruption may lead to cumulative deficits

that impair growth velocity.>=>°
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Insufficient protein intake is particularly detrimental because protein is essential for lean
tissue growth, organ maturation, and neurodevelopment.®®6! Several neonatal nutrition
studies have demonstrated that inadequate early protein provision is associated with poorer
weight gain, reduced head circumference growth, and persistent extrauterine growth
restriction.6%%3 Furthermore, inadequate caloric intake may impair anabolic signaling
pathways involving insulin, insulin-like growth factor-1 (IGF-1), and growth hormone activity,
thereby limiting compensatory growth mechanisms.%%>

In addition, gastrointestinal immaturity may compromise nutrient digestion, absorption,
and utilization in LBW infants.®® Delayed gastric emptying, reduced digestive enzyme activity,
altered intestinal permeability, and intestinal dysbiosis may collectively reduce feeding
efficiency and nutrient bioavailability.®®®” Recurrent infection and chronic low-grade
inflammation may further exacerbate growth failure by increasing metabolic expenditure
while simultaneously suppressing appetite and anabolic metabolism. Several studies have
suggested that inflammatory cytokines negatively affect growth hormone signaling and
protein synthesis, thereby contributing to impaired postnatal growth. 6872

Neonatal complications such as respiratory distress, sepsis, and prolonged oxygen
dependency may also increase resting energy expenditure, further widening the gap between
nutritional requirements and actual intake. As a result, many LBW infants experience a
combination of feeding intolerance, illness-related catabolism, and insufficient nutritional
support, ultimately leading to persistent growth faltering despite clinical stabilization.”?
Collectively, the available evidence suggests that early feeding challenges contribute to failure
of catch-up growth through interconnected physiological, nutritional, and metabolic
pathways. These mechanisms involve inadequate nutrient intake, impaired nutrient
utilization, inflammatory responses, and altered growth-regulating signaling pathways,
ultimately leading to adverse growth and developmental outcomes. The proposed conceptual

framework summarizing these pathways is presented in Figure 1.
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Conceptual Framework : Proposed Pathway Linking Early Feeding Challenges
to Failure to Achieve Catch-Up Growth in Low Birth Weight Infants
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Figure 1. Proposed Pathway Linking Early Feeding Challenges to Failure of Catch-Up Growth in LWB
Infants

Clinical Consequences and Nutritional Management

Failure to achieve adequate catch-up growth during infancy may have substantial long-
term consequences for LBW infants. Persistent growth faltering is associated with impaired
cognitive development, delayed psychomotor performance, weakened immune function, and
increased susceptibility to recurrent infection. Inadequate postnatal growth has also been
linked to poorer educational outcomes and reduced adult productivity later in life. Since the
first two years of life represent a critical period of brain development, prolonged nutritional
deficits during infancy may produce irreversible developmental consequences.’37>

Appropriate nutritional management is therefore essential to overcome feeding-related
barriers and support optimal growth in LBW infants. Early initiation and gradual advancement
of enteral feeding have been recommended to improve gastrointestinal adaptation and
reduce cumulative nutritional deficits. Human milk remains the best, preferred feeding option

because of its immunological, gastrointestinal, and neurodevelopmental benefits. However,
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due to the high nutritional demands of LBW infants, human milk fortification is often
necessary to ensure adequate protein and energy intake.”®78

In addition to nutritional intervention, non-nutritional support plays an important role
in promoting successful catch-up growth among LBW infants. Kangaroo mother care,
caregiver education, developmental care, breastfeeding counseling, and close post-discharge
monitoring have been shown to improve feeding success, physiological stability, and growth
outcomes.”®#! Psychosocial support for mothers may also contribute to improved
breastfeeding practices and long-term nutritional continuity.®? Successful nutritional
rehabilitation in vulnerable infants requires coordinated multidisciplinary care involving
pediatricians, nutritionists, nurses, lactation consultants, and community health workers.
Evidence from Indonesia highlights the importance of interprofessional collaboration (IPC) in
improving nutrition-related outcomes through integrated assessment, counseling,
monitoring, and follow-up services.®3 Consensus-based IPC guidelines further emphasize that
effective growth monitoring and nutritional management require collaboration across
healthcare disciplines and continuity of care between hospital and community settings,
particularly for high-risk infants requiring long-term nutritional support.84

Furthermore, regular post-discharge growth monitoring is essential to facilitate early
identification of growth faltering and timely nutritional intervention. Nevertheless, nutritional
strategies should aim to achieve balanced growth rather than excessive weight acceleration.
While inadequate growth increases the risk of undernutrition and developmental impairment,
excessively rapid catch-up growth may predispose LBW infants to obesity and cardiometabolic
disorders later in life.8> Therefore, individualized nutritional management based on growth

monitoring and developmental assessment remains critically important.

Future Perspective and Research Gap

Despite increasing recognition of the importance of early nutrition in LBW infants,
several important research gaps remain. First, there is currently no universally accepted
definition of feeding difficulty or feeding intolerance in LBW infants, resulting in considerable
heterogeneity across studies. Variations in feeding protocols, nutritional assessment

methods, and growth indicators also limit the comparability of existing evidence.
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Second, most available studies focus primarily on short-term weight gain outcomes
rather than long-term body composition, neurodevelopment, or metabolic health. Additional
longitudinal studies are needed to determine how specific feeding challenges during infancy
influence long-term growth trajectories and cardiometabolic risk. Furthermore, evidence from
LMIC settings remains relatively limited despite the disproportionately high burden of LBW in
these regions.

Another emerging area of interest involves the interaction between gut microbiota,
inflammation, and feeding tolerance in LBW infants. Recent evidence suggests that intestinal
dysbiosis may contribute to impaired nutrient absorption, chronic inflammation, and growth
failure; however, the clinical implications of microbiota-targeted interventions remain
insufficiently understood. Future research should therefore explore integrated mechanistic
pathways linking feeding difficulties, gastrointestinal function, and postnatal growth
outcomes.

Finally, future nutritional strategies should emphasize individualized and
multidisciplinary approaches that integrate clinical care, caregiver education, breastfeeding
support, and long-term developmental monitoring. Developing standardized feeding
protocols and growth monitoring frameworks may improve the early identification of infants
at risk of failed catch-up growth and facilitate more effective nutritional interventions.

In addition to addressing current research gaps, translating existing evidence into clinical
practice is essential to improve growth outcomes among LBW infants. From a clinical
perspective, healthcare providers should prioritize early identification of feeding difficulties,
regular growth monitoring, individualized nutritional support, and breastfeeding counseling
for LBW infants. Caregivers should receive education regarding feeding frequency, responsive
feeding practices, breast milk expression, and recognition of feeding intolerance symptoms.
Strengthening post-discharge follow-up and multidisciplinary collaboration may further

improve catch-up growth outcomes among LBW infants.

Conclusion
Early feeding challenges, including oral feeding difficulties, feeding intolerance,

gastrointestinal immaturity, breastfeeding problems, and post-discharge feeding barriers,
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represent major obstacles to achieving adequate catch-up growth in LBW infants. These
challenges impair growth through multiple physiological and nutritional pathways, resulting
in inadequate nutrient intake and utilization. Early recognition, individualized nutritional
management, caregiver support, and multidisciplinary interventions are essential to optimize
growth outcomes. Future research should focus on developing effective feeding interventions

and long-term strategies to support sustainable catch-up growth in this vulnerable population.
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