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Abstract

Background

Childhood obesity has emerged as a major global public health concern, with increasing
prevalence in both developed and developing countries, including the Kingdom of Saudi Arabia.
Simultaneously, nutritional supplementation remains an important therapeutic intervention for
children with growth faltering, chronic diseases, feeding difficulties, and increased nutritional
requirements. This presents a clinical challenge of promoting adequate growth while minimizing
the risk of unnecessary excess weight gain.

Objective

This narrative review aims to examine the relationship between early childhood nutritional
supplementation and the potential risk of later obesity, with particular emphasis on oral
nutritional supplements, early-life nutritional programming, neonatal feeding practices, and
individualized growth monitoring.

Methods

A comprehensive narrative review of the available literature was conducted using major medical
databases, including PubMed, Google Scholar, Scopus, and the Cochrane Library. Evidence
related to childhood obesity, infant feeding practices, developmental metabolic programming,
prematurity, neonatal intensive care unit (NICU) nutrition, Ready-to-Feed (RTF) formulations,
and Saudi Arabian epidemiological trends was critically reviewed and synthesized.

Results

Current evidence demonstrates that nutritional supplementation offers significant clinical benefits
when appropriately prescribed for children with documented undernutrition, chronic illness,
increased metabolic demands, or feeding difficulties. However, unnecessary or prolonged use of
energy-dense supplements in healthy children with normal growth trajectories may contribute to
excessive caloric intake and increased adiposity. NICU nutritional strategies, including human
milk fortification and RTF formulas, are essential for vulnerable preterm infants but require
individualized follow-up and periodic reassessment to ensure balanced catch-up growth and
favorable long-term metabolic outcomes.
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Conclusion

Childhood obesity is a complex multifactorial condition influenced by genetic, prenatal,
nutritional, behavioral, and environmental factors rather than any single nutritional product or
feeding practice. The modern goal of pediatric nutrition should focus on growth optimization
rather than growth maximization. Individualized nutritional assessment, regular growth
monitoring, parental education, and evidence-based use of nutritional supplements are essential
to support healthy growth, neurodevelopment, and lifelong metabolic health.

Keywords: Childhood obesity; Nutritional supplementation; Early nutrition; Oral nutritional
supplements; Breastfeeding; Formula feeding, Catch-up growth, Prematurity;, NICU nutrition;
Developmental origins of health and disease.

1. Introduction

Childhood obesity has become a major global public health concern, with increasing prevalence
in both developed and developing countries, including the Kingdom of Saudi Arabia. In pediatric
clinical practice, obesity is commonly assessed using age- and sex-specific body mass index (BMI)
percentiles, with obesity generally defined as a BMI at or above the 95th percentile for age and
sex. This trend is particularly concerning because excess weight during childhood is associated
with significant long-term metabolic, cardiovascular, and psychosocial complications, including
type 2 diabetes mellitus, hypertension, dyslipidemia, non-alcoholic fatty liver disease, and reduced
quality of life. Saudi Arabia has experienced rapid social and lifestyle transitions over recent
decades. Urbanization, reduced physical activity, increased screen time, and greater consumption
of energy-dense processed foods have contributed to a growing burden of overweight and obesity
among Saudi children and adolescents. At the same time, Saudi pediatric practice continues to
encounter undernutrition, faltering growth, feeding difficulties, and increased nutritional
requirements among vulnerable infants and children, particularly those born prematurely or
affected by chronic illness. For these children, nutritional supplementation can be a necessary and
effective intervention to support growth, improve nutritional status, and prevent complications
related to malnutrition. The clinical challenge is therefore not whether children should grow, but
how to promote healthy growth without encouraging unnecessary excess weight gain.

Early-life nutrition is especially important because the first 1,000 days of life represent a critical
developmental window during which nutritional exposures may influence long-term metabolic
health. Evidence suggests that breastfeeding may provide modest protection against later
overweight and obesity, whereas rapid infant weight gain is consistently associated with increased
future obesity risk. In preterm infants, neonatal nutritional support is essential for survival,
neurodevelopment, and catch-up growth; however, ongoing reassessment is required to ensure that
nutritional interventions remain appropriate and do not continue beyond clinical necessity.

Saudi Arabia faces a dual nutritional burden in which childhood obesity coexists with
undernutrition and growth faltering among medically vulnerable children. Consequently, early
childhood nutritional supplementation should be considered an individualized therapeutic strategy
guided by growth monitoring, dietary assessment, and long-term health objectives rather than as
routine calorie supplementation. This narrative review examines the relationship between early
childhood nutritional supplementation and the risk of excess weight gain, with particular emphasis
on early-life nutritional programming, infant feeding practices, prematurity, neonatal nutritional
care, and obesity prevention. The review highlights the importance of balancing therapeutic
nutritional support with healthy long-term growth and metabolic outcomes.
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2. Methodology

This review adopted a narrative design to explore the relationship between early childhood
nutritional supplementation and the risk of excess weight gain, with particular attention to Saudi
Arabia and the broader pediatric context. A narrative approach was chosen because the available
evidence includes heterogeneous study designs, populations, nutritional interventions, and
outcomes, making direct quantitative pooling inappropriate. The review focused on evidence
related to childhood obesity, infant feeding, oral nutritional supplements, prematurity, neonatal
nutrition, and growth patterns across infancy and early childhood.

The literature base was drawn from major biomedical databases, including PubMed, Google
Scholar, Scopus, and the Cochrane Library, using combinations of terms such as childhood
obesity, early nutrition, oral nutritional supplements, breastfeeding, formula feeding, catch-up
growth, prematurity, Ready-to-Feed formula, NICU nutrition, metabolic programming, and Saudi
Arabia. Priority was given to studies published from 2000 to 2026, while landmark publications
were also considered when they provided important theoretical or clinical insight. Relevant
international guidelines, systematic reviews, meta-analyses, clinical practice statements, and
epidemiological reports were also included where appropriate.

Studies were selected if they addressed pediatric nutrition, obesity risk, early-life feeding practices,
or neonatal nutritional management. Articles focused exclusively on adults, studies unrelated to
growth or nutrition, and publications with limited scientific relevance were excluded from the
synthesis. The findings were then organized into themes, including epidemiology of childhood
obesity, developmental programming, infant feeding practices, oral nutritional supplementation,
NICU nutrition, and post-discharge growth monitoring.

3. Epidemiology of Childhood Obesity

Childhood obesity has become one of the most significant public health challenges worldwide.
According to the World Health Organization (WHO), the prevalence of overweight and obesity
among children and adolescents has increased dramatically over recent decades, affecting both
developed and developing nations. This trend has important implications because excess body
weight acquired during childhood often persists into adulthood, increasing the lifetime risk of
chronic non-communicable diseases. The Kingdom of Saudi Arabia has experienced substantial
socioeconomic and lifestyle changes during the past few decades. Rapid urbanization, increased
consumption of processed and energy-dense foods, reduced physical activity, increased screen
exposure, and changing dietary patterns have all contributed to a growing burden of childhood
obesity. Recent Saudi studies indicate that overweight and obesity are highly prevalent among
school-aged children and adolescents. A systematic review involving more than 63,000 Saudi
children and adolescents reported considerable variation in prevalence estimates across different
regions; however, the overall trend clearly demonstrates increasing rates of excess weight among
young people. Family history of obesity, maternal obesity, unhealthy dietary habits, prolonged
sedentary behavior, and inadequate physical activity have been identified as important contributing
factors. The consequences of childhood obesity extend beyond excess body weight. Obese children
are at increased risk of developing insulin resistance, type 2 diabetes mellitus, hypertension,
dyslipidemia, non-alcoholic fatty liver disease, obstructive sleep apnea, orthopedic complications,
and psychosocial difficulties. Furthermore, childhood obesity frequently tracks into adulthood,
increasing the future burden on healthcare systems.

Saudi Arabia simultaneously faces a dual nutritional burden. While obesity and overnutrition are
increasingly common in the general pediatric population, undernutrition, faltering growth, and
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feeding difficulties continue to affect vulnerable infants and children, particularly those born
prematurely or living with chronic illnesses. Consequently, nutritional interventions must be
individualized to ensure appropriate growth without promoting unnecessary excess adiposity.
Prevention strategies should begin early in life. Increasing evidence supports the concept that
nutritional exposures during fetal life, infancy, and early childhood influence later obesity risk.
Therefore, interventions promoting breastfeeding, healthy complementary feeding, family-
centered nutritional education, and regular growth monitoring are essential components of obesity
prevention programs.

FIGURE 1. Conceptual Pathway Linking Early Nutrition and Childhood Obesity
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Figure 1. Early-Life Nutritional Exposures and the Risk of Excess Weight Gain
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TABLE 1. Major Contributors to Childhood Obesity

|
Risk Category Major Contributors ‘ Examples
¢ Maternal obesity before and during pregnancy
Prenatal Maternal and fetal factors that » Gestational diabetes mellitus
‘ Factors influence the child’s future risk. » Excessive gestational weight gain
\\ * Maternal smoking and alcohol use
7 A S : ¢ Lack of breastfeeding or short duration
[ &= \ |Infant Feeding @ Early feeding practices that may « Formula feeding with high protein content
g /  Factors affect growth and metabolism. * Overfeeding and large portion sizes
A / .

Inappropriate use of energy-dense supplements

High intake of energy-dense foods

.
e . Dietary Unhealthy eating patterns that * Sugar-sweetened beverages and juices
!-..-“"v Factors increase energy intake. » High consumption of fast foods and snacks
— * Low intake of fruits, vegetables and whole grains

/7\ i Physical inactivity and sedentary « Sedentary lifestyle and low physical activity
‘ - \ Lifestyle behaviors that reduce energy  Excessive screen time (TV, computer, mobile)
\ 'u_/‘ Factors dit ¢ Reliance on motorized transport
N et SXpancitire. * Inadequate sleep duration

7 ; N Famil Family-related influences that » Parental obesity and genetic predisposition
( ‘; amily shape the child’s environment ¢ Unhealthy fe_)mlly dietary habits
A |/ Factors andiRabits ¢ Lack of family meals together

A A i « Limited parental support for physical activity

7 .9 ; Extamalienvirenmentihiataffocts « Urbanization and sedentary lifestyle environment
( ﬂﬁ \ Environmental food cholces and'physical activity « Easy availability of unhealthy foods
\ /" Factors e * Unsafe neighborhoods limiting outdoor play
\\ / opportunities. * Marketing and advertising of unhealthy foods

that influence fat storage and l ;
Factors Altered gut microbiota
energy balance. > 3 .
Early life metabolic programming

/ N 5 . Biological and metabolic factors Genetic susceptibility
@ Biological Hormonal and metabolic influences

4. Early Nutritional Programming and Metabolic Health

The concept of Developmental Origins of Health and Disease (DOHaD) proposes that nutritional
and environmental exposures during early life may have lasting effects on growth, metabolism,
and disease susceptibility. The first 1,000 days of life, extending from conception to approximately
two years of age, represent a particularly critical period for metabolic programming.

Both undernutrition and excessive nutrient exposure during this developmental window may
influence future obesity risk. Early nutritional experiences can affect appetite regulation, body
composition, insulin sensitivity, and long-term cardiometabolic health through complex hormonal
and epigenetic mechanisms.

4.1 Breastfeeding and Obesity Prevention

Breastfeeding is widely recognized as the optimal source of infant nutrition. Human milk provides
not only essential nutrients but also bioactive substances, including hormones, growth factors, and
immunological components that support healthy growth and development.

Several observational studies and meta-analyses suggest that breastfeeding may confer modest
protection against later obesity. Proposed mechanisms include improved self-regulation of energy
intake, lower protein exposure compared with some infant formulas, favorable modulation of the
gut microbiome, and exposure to hormones such as leptin and adiponectin.

Nevertheless, breastfeeding alone cannot completely prevent obesity because genetic
predisposition, family lifestyle, dietary habits, and environmental influences also play substantial
roles.
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4.2 Formula Feeding and Infant Growth Patterns

Infant formula remains an important and safe nutritional alternative when breastfeeding is
unavailable or insufficient. However, studies have demonstrated differences in growth trajectories
between breastfed and formula-fed infants.

The "early protein hypothesis" suggests that higher protein intake during infancy may stimulate
increased insulin and insulin-like growth factor-1 (IGF-1) secretion, potentially promoting
accelerated weight gain and adiposity.

The objective should not be to discourage formula use but rather to ensure appropriate formula
selection, responsive feeding practices, and careful monitoring of growth patterns.

4.3 Prematurity, NICU Nutrition, and Metabolic Programming

Preterm infants represent a particularly vulnerable population because premature birth interrupts
normal fetal nutrient accretion during the third trimester. Consequently, specialized nutritional
support is often necessary during neonatal intensive care unit (NICU) admission.

Nutritional interventions commonly include parenteral nutrition, mother's own milk, donor human
milk, human milk fortification, preterm formulas, and Ready-to-Feed (RTF) formulations. These
strategies are essential for preventing postnatal growth restriction and supporting
neurodevelopment. Although catch-up growth is desirable in many preterm infants, excessively
rapid weight gain, particularly when characterized by disproportionate fat accumulation, may
increase future risk of obesity, insulin resistance, and cardiovascular disease.

4.4 Hormonal and Biological Mechanisms

Several biological mechanisms may explain the relationship between early nutrition and later
obesity. Leptin plays a central role in appetite regulation and energy homeostasis. Alterations in
early leptin exposure may influence satiety responses and future eating behaviors.

Ghrelin, often described as the "hunger hormone," regulates appetite and energy balance. Early
feeding experiences may modify ghrelin responses and appetite regulation.

Insulin and IGF-1 are important mediators of growth. Excess nutrient intake during critical
developmental periods may increase adipocyte differentiation and fat deposition.

Emerging evidence also suggests that epigenetic modifications induced by early nutritional
exposures may influence gene expression and long-term metabolic outcomes.

Overall, early-life nutrition should aim to promote healthy body composition and optimal
neurodevelopment rather than simply maximizing weight gain.

IIARD — International Institute of Academic Research and Development Page 27



about:blank

Research Journal of Food Science and Quality Control (RIFSQC) E-ISSN 2756-5483
P-ISSN 2695-2459 Vol 12. No. 5 2026 www.iiardjournals.org Online version

Figure 2. Early Nutritional Programming and Long-Term Metabolic Outcomes
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KEY MESSAGE: Early nutritional exposures influence biological pathways and growth patterns,
which shape long-term metabolic health and the risk of obesity and related diseases.

TABLE 2. Comparison of Early Feeding Approaches and Potential Long-Term Implications

Feeding Approach

) 1. Breastfeeding

Fortification

Feeding with
mother’s own milk
(exclusive or
predominant).

Commercial formula

calories) to human

onal Components

or Features

Optimal balance of macronutrients
Bioactive factors (hormones,
enzymes, antibodies)

Human milk oligosaccharides
Lower protein content

Balanced macronutrients

vitamins (A, D, E, K, etc.)

Major Benefits

Optimal nutrition and hydration
Immune protection

Supports gut microbiome
development

Enhances cognitive development
Promotes mother—-infant bonding

Provides complete nutrition

Supports neurodevelopment

\ Potential Long-Term
Implications

Associated with modestly
reduced risk of obesity

Better metabolic programming

Lower risk of infections and
some chronic diseases

* Overfeeding and high protein

Excessive fortification may

A 2. Standard .deS|gned for full-term * Added vitamins and minerals « Safe and convenient alternative riahelnay ba asecBatod
) Infant infants when « Higher protein content « Supports normal growth . E : 7
s A 5 5 = with rapid weight gain
Formula breastfeeding is not compared with human milk when used appropriately Mavi 1ok of iaht/
available or « Fortified with DHA/ARA in « Allows shared feeding :eY {"Cf:aﬁ risk of ovedmelg
insufficient. many formulas responsibilities OheEity lioverconsume
Addition of nutrients « Additional protein, calories « Improves growth in preterm infants * Appropriate fortification is safe
m 3. Human Milk (protein, minerals, o Calciumiphosphorus; zinc « Enhances bone mineralization and beneficial
= , 3 3 3
.

milk, mainly for
preterm infants.

Specialized formulas

Tailored to preterm needs

Higher protein and energy

Allows use of human milk
as primary feed

contribute to excessive
weight gain; requires monitoring

4" Pretarm (ready—to-fee.d or SBErlhed Wit minercls . Support's catch~.up growtf- « Essential for growth but requires
\ powder) designed for (Ca, P, Fe, Zn) * Meets high nutrient requirements regular reassessment
) FormUIas_/ preterm infants when g DH’A/;\R/; « Convenient and sterile (RTF) * Prolonged use beyond need
RTF Feeding = maternal/donor milk e e Al ARl « Supports brain and organ may increase fat accumulation
is unavailable or 4 sl development and obesity risk
insufficient. nutrient density
, 5. Oral Energy- and nutrient- « High calories * Improves caloric intake * Unnecessary use in healthy
‘ * P dense supplements « Protein, carbohydrates, fats * Supports growth in undernourished children may increase total
i Nutritional (e.g., PediaSure®, - Vitamir;s and m)i,:erals' children energy intake
Supplements other pediatric N % i e, « Useful in chronic illness, « Potential risk of excessive
products). * May contain prebiotics/probiotics recovery, or feeding problems weight gain and obesity
6.C . y Introdqc‘lic:'r:‘c;f s:lid « Variety of nutrient-dense foods « Provides balanced nutrition * Healthy dietanl( pattel:s .
iz oF; 5 Souse * Iron-rich foods « Supports linear growth and Support nofmelarowth an
é Foods (Healthy Blongpithibreastimilic « Fruits, vegetables, whole grains immune health loweg;obesity;Fisi

Weaning Diet)

or formula at the
appropriate age.

Healthy fats

Promotes healthy eating habits

Poor diet quality increases
obesity risk

"' Key Point: Early feeding practices should be individualized. The goal is healthy growth, optimal development, and long-term metabolic health—not simply maximizing weight gain.

5. Nutritional Supplementation in Early Childhood: Benefits, Challenges, And the Potential
Risk Of Excess Weight Gain
Nutritional supplementation has become an integral component of pediatric nutritional
management, particularly among children with faltering growth, chronic illnesses, feeding
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disorders, or increased metabolic requirements. Commercial oral nutritional supplements,
including PediaSure and similar formulations, are widely used in pediatric practice to improve
caloric intake, support growth, and enhance nutritional status.

While these products provide important therapeutic benefits in appropriately selected children,
concerns have emerged regarding their indiscriminate use in healthy children with normal growth
patterns. Consequently, clinicians must carefully balance the potential benefits of supplementation
against the possible risk of excessive caloric intake and unhealthy weight gain.

5.1 Appropriate Clinical Indications for Nutritional Supplementation

Oral nutritional supplements may be indicated in several pediatric situations, including:

o Failure to thrive or persistent growth faltering.

o Chronic diseases associated with increased energy requirements, such as congenital heart
disease, chronic respiratory disorders, or malignancy.

o Feeding difficulties, oral aversion, and selective eating disorders.

o Gastrointestinal disorders associated with malabsorption.

e Recovery following prolonged hospitalization or severe illness.

o Selected premature infants and NICU graduates demonstrating inadequate post-discharge
growth. In such circumstances, supplementation should be regarded as a therapeutic intervention
with clearly defined objectives and duration.

5.2 Unnecessary Supplementation in Healthy Children

A growing concern in contemporary pediatric practice is the use of high-calorie nutritional
supplements in children who are already growing normally. Parents frequently request these
products because of concerns regarding poor appetite, selective eating, or perceived inadequate
body size. However, appetite fluctuations are common during infancy and early childhood and do
not necessarily indicate nutritional deficiency. Healthy children often exhibit variable food intake
depending on developmental stage, activity level, and illness.

The routine uses of calorie-dense supplements in children without documented nutritional
compromise may increase total energy intake beyond physiological requirements. Over time, this
positive energy balance may contribute to excessive fat deposition and increased obesity risk.

5.3 Growth Monitoring: Beyond Body Weight Alone

Pediatric nutritional assessment should extend beyond simple weight measurement.
Comprehensive evaluation includes:

o Weight and height measurements.

e Body mass index (BMI) assessment.

e Growth velocity monitoring.

e Dietary assessment.

o Evaluation of developmental progress.

e Assessment of body composition where feasible.

Children who consistently follow their individual growth trajectory may not require
supplementation, even if they appear smaller than peers.

The objective of pediatric nutrition is to support healthy growth rather than to maximize body
weight.
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5.4 Lessons from Neonatal Follow-Up

Neonatal follow-up clinics provide valuable insight into individualized nutritional care. Preterm
infants frequently require nutritional enhancement during early life to achieve catch-up growth and
support neurodevelopment.

However, nutritional requirements evolve over time. Prolonged use of energy-enriched formulas
or supplements without regular reassessment may result in disproportionate fat accumulation
rather than healthy tissue growth.

Accordingly, ongoing clinical review is essential to determine whether nutritional interventions
remain appropriate.

5.5 A Personalized Approach to Pediatric Nutrition

Modern pediatric nutrition increasingly emphasizes individualized care. Decisions regarding
nutritional supplementation should be based upon:

e Growth trajectory.

e Medical history.

e Nutritional assessment.

o Family feeding practices.

e Developmental status.

o Long-term health objectives.

Supplementation should always be accompanied by periodic reassessment and discontinuation
when therapeutic goals have been achieved.

FIGURE 3. Clinical Decision Pathway for Pediatric Nutritional Supplementation
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TABLE 3. Common Nutritional Supplements in Pediatrics: Uses, Benefits, and Potential Risks

Supplement Type Common Examples ’ Primary Uses / Indications

/g
/
S~

\

1. Oral Nutritional
| Supplements

+ PediaSure®

+ Pediasure® Grow & Gain
+ Ensure® Kids

+ Boost? Kids Essentials

+ Poor weight gain

+ Under nutrition

+ Chronic illness

+ Feeding difficulties

+ Increased nutritional needs

Potential Benefits

+ Increases caloric and nutrient intake
+ Supports weight gain

+ Improves micronutrient intake

+ Supports growth and recovery

Potential Risks if
Unnecessary or Excessive

+ Excess calorie intake

+ Rapid weight gain

+ Increased risk of overweight
and obesity

+ Dental caries

+ Displacement of healthy foods

]

I

2. Infant Formulas

3, Vitamins

| 4, Minerals

5, Probiotics

6. Omega-3
Fatty Acids

7. Herbal / Other
Supplements

+ Standard cow's milk formula
+ Partially hydrolyzed formula
+ Extensively hydrolyzed formula
+ Amino acid-based formula

+ Soy-based formula

+ Vitamin D
+ Vitamin A
+ Vitamin C
+ B-complex vitamins

* lron

+ Calcium

¢ Zinc

+ Magnesium

+ Lactobacillus spp.
+ Bifidobacterium spp.
+ Saccharomyces boulardii

+ Fish ol
+ DHA supplements
+ EPA supplements

o Muttivitamin syrups
+ Appetite stimulants (herbal)
+ Others (varies)

+ Specific metabolic disorders

+ Infants not breastfed
* Growth support
+ Cow's milk protein allergy

+ Lactose intolerance

+ Prevention or treatment

of deficiency
+ Specific medical conditions
+ Increased needs

(e.g, prematurity)

+ Treatment/prevention of deficiency
¢ Anemia

+ Bone health

+ Immune function

+ Growth support

+ Diarrhea (acute or antibiotic-
associated)

+ Irritable bowel symptoms

¢ Immune modulation

+ Cognitive development
o Visual development
+ Inflammatory conditions

+ Poor appetite
+ General health support
+ Cultural or traditional use

+ Provides complete nutrition

+ Supports growth and development

+ Convenient and safe alternative
when needed

+ Supports bone health

+ Enhances immunity

+ Supports growth and development
+ Important for metabolism

+ Iron: prevents/treats anemia

+ Calcium: supports bone development

¢ Zinc: supports immunity and growth

+ Magnesium: supports neuromuscular
function

* Improves gut microbiota balance
* Reduces duration of diarrhea
+ Supports digestive health

+ Supports brain and eye development :
+ May reduce inflammation
+ Supports cardiovascular health

* May improve appetite
* Provides additional nutrients
(if indicated)

+ Overfeeding

+ High protein intake may
promote rapid weight gain

+ Increased risk of obesity if
intake exceeds needs

+ Fat-soluble vitamin toxicity
(A,D,E K)

+ Gastrointestinal upset

+ Interactions with medications

+ Gastrointestinal symptoms

+ Iron overload

+ Interference with absorption
of other minerals

o Generally safe

+ Rare infections in severely
immunocompromised
patients

+ Bloating or gas

+ Fishy aftertaste

+ Gastrointestinal discomfort

+ High doses may affect
bleeding risk

+ Limited scientific evidence

+ Possible side effects

+ Risk of contamination or
interactions
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6. NICU Nutritional Practices, Ready-To-Feed (Rtf) Formulas, And Long-Term Growth
Outcomes

The nutritional management of preterm and critically ill neonates is a cornerstone of modern
neonatal care. Premature infants are born with limited nutrient reserves and increased nutritional
requirements, necessitating specialized nutritional support during hospitalization.

Advances in neonatal nutrition have contributed substantially to improved survival and
neurodevelopmental outcomes among preterm infants. However, attention has increasingly shifted
from merely achieving rapid weight gain toward promoting healthy body composition and
favorable long-term metabolic health.

6.1 Early Nutritional Strategies in the NICU

Nutritional support in the NICU commonly includes:

e Parenteral nutrition.

e Mother's own breast milk.

e Donor human milk.

e Human milk fortification.

e Specialized preterm formulas.

e Ready-to-Feed (RTF) formulations.

The objective is to prevent postnatal growth restriction while supporting neurodevelopment and
organ maturation.

6.2 Ready-to-Feed (RTF) Formulas in Neonatal Practice

Ready-to-Feed formulas provide sterile, standardized nutritional support and reduce the risk of
contamination associated with powdered formula preparation.

RTF products are particularly useful for medically fragile infants when maternal breast milk is
unavailable or insufficient. Their use should be considered part of evidence-based neonatal
nutritional care rather than a contributor to later obesity.

6.3 Human Milk Fortification

Human milk remains the preferred enteral nutrition for preterm infants. Nevertheless, very preterm
infants frequently require additional protein, minerals, and calories to meet their nutritional needs.
Human milk fortifiers improve growth, bone mineralization, and neurodevelopmental outcomes.
Fortification strategies should be individualized according to gestational age, growth pattern, and
clinical condition.

6.4 Post-Discharge Nutrition and Catch-Up Growth

Many NICU graduates continue to require nutritional support following hospital discharge. Post-
discharge formulas and energy-enriched feeding regimens may benefit selected infants with
persistent growth restriction.

However, prolonged use without reassessment may contribute to excessive adiposity. Therefore,
regular follow-up evaluating weight, length, head circumference, and developmental progress is
essential.

6.5 Growth Optimization Rather Than Growth Maximization
Modern neonatal nutrition emphasizes growth optimization rather than growth maximization.
Healthy growth includes:
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e Appropriate weight gain.

e Adequate linear growth.

o Favorable body composition.
e Optimal neurodevelopment.

Nutritional strategies should therefore promote balanced growth rather than simply increasing

body weight.

FIGURE 4. Nutritional Management Pathway for Preterm Infants to Promote
Healthy Growth and Minimize Obesity Risk
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TABLE 4. Key Strategies for Preventing Childhood Obesity: Focus on Early Nutrition

Strategy Area

Key Strategies

« Initiate early

Focus i

Early Nutrition
Years)
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Expected Benefits

Implementation Considerations
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Parents and caregivers

: e < : . .
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and reduce the risk of obesity and chronic diseases across the lifespan.

OVERALL GOAL: Establish healthy nutritional patterns and supportive environments in early life to promote optimal growth and development

7. Current Evidence Linking Early Nutritional Supplementation and Childhood Obesity
The relationship between early nutritional supplementation and later obesity remains complex and
multifactorial. Current evidence does not support the notion that any single nutritional product is
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solely responsible for childhood obesity. Instead, obesity develops through interactions among
genetic susceptibility, prenatal influences, early nutritional exposures, family lifestyle, dietary
habits, physical activity, and environmental factors.

7.1 Rapid Infant Weight Gain and Future Obesity Risk

One of the most consistently reported findings in pediatric nutrition research is the association
between rapid infant weight gain and subsequent obesity.

Rapid catch-up growth is often desirable among infants born small for gestational age, premature
infants, and children recovering from severe illness or malnutrition. However, excessive catch-up
growth characterized by disproportionate fat accumulation rather than lean tissue accretion may
increase the risk of obesity, insulin resistance, hypertension, and metabolic syndrome later in life.
Consequently, growth quality is increasingly considered as important as growth quantity.

7.2 Evidence Regarding Oral Nutritional Supplements

Commercial oral nutritional supplements, including PediaSure and similar products, have
demonstrated clear benefits in children with documented undernutrition, chronic illnesses, feeding
difficulties, and increased metabolic demands.

Studies have shown improvements in caloric intake, weight gain, and, in some cases, linear growth
among appropriately selected children receiving supplementation under medical supervision.
Concerns arise when these products are used routinely in healthy children with normal growth
patterns. Long-term use without clinical indication may contribute to excessive caloric intake,
particularly when supplements are added to an already adequate diet.

At present, evidence directly linking oral nutritional supplements to obesity in healthy children
remains limited. Nevertheless, clinicians should adopt an individualized and cautious approach.

7.3 Formula Feeding and the Early Protein Hypothesis

The "early protein hypothesis" proposes that excessive protein intake during infancy may stimulate
insulin and insulin-like growth factor-1 (IGF-1) secretion, promoting accelerated growth and
adipogenesis. Randomized studies have demonstrated that lower-protein infant formulas may be
associated with slower early weight gain and lower obesity risk compared with higher-protein
formulas. Importantly, infant formula remains a safe and essential nutritional option when
breastfeeding is not possible. The emphasis should be placed on appropriate formula use,
responsive feeding practices, and regular growth assessment.

7.4 Evidence from Preterm and NICU Populations

Preterm infants present unique nutritional challenges. Inadequate nutrition may adversely affect
neurodevelopment and survival, whereas excessive nutritional exposure may increase future
cardiometabolic risk. Current evidence supports adequate nutritional support for premature infants,
including the use of human milk fortification, preterm formulas, and RTF formulations when
clinically indicated. Restricting appropriate neonatal nutrition because of concerns regarding
future obesity is not recommended. Rather, careful post-discharge monitoring and individualized
nutritional adjustment remain the preferred approach.

7.5 Family Feeding Behaviors and Cultural Influences
Family feeding practices strongly influence childhood eating behaviors and growth patterns.
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In many societies, including Saudi Arabia, larger body size may still be viewed as a marker of
good health and successful parenting. Consequently, parents may seek nutritional supplements for
children who are naturally lean but growing normally.
Other important contributors include:

e Frequent consumption of energy-dense foods.
e Sugar-sweetened beverages.

e Reduced physical activity.

o Excessive screen exposure.

o Inadequate sleep duration.

Parental education therefore represents an essential component of childhood obesity prevention.

7.6 Current Clinical Perspective
Current evidence supports an individualized approach to pediatric nutritional supplementation.
Healthcare providers should:

e Assess growth trajectory carefully.

o Evaluate dietary intake comprehensively.
o Identify underlying medical conditions.

o Define specific therapeutic goals.

e Monitor treatment response regularly.

Nutritional supplements should be viewed as therapeutic nutritional tools rather than routine
beverages for all children.

FIGURE 5. Pathways Linking Early Nutrition to Later Risk of Obesity and Chronic Diseases
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KEY MESSAGE: Optimal nutrition in the first 1,000 days of life sets the foundation for lifelong health. Early feeding practices influence multiple biological pathways

IIARD — International Institute of Academic Research and Development

that shape growth, metabolism, behavior, and disease risk across the lifespan.
Page 35



about:blank

Research Journal of Food Science and Quality Control (RIFSQC) E-ISSN 2756-5483
P-ISSN 2695-2459 Vol 12. No. 5 2026 www.iiardjournals.org Online version

Stakeholder Group

TABLE 5. Stakeholder Roles and Responsibilities in Nutrition-Driven Childhood Obesity Prevention

Key Roles

Specific Responsibilities

Key Actions Related to

Expected Contributions to

Potential Challenges

Enablers / Support Needed
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'ﬂ‘ Caregivers

2. Healthcare
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8
¥
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OVERALL GOAL: Through coordinated roles and strengthened collaboration, all stakeholders can create supportive environments and practices that promote optimal early
nutrition, prevent obesity, and support lifelong health for children.

8. Discussion

The present review highlights the complexity of balancing nutritional support and obesity
prevention during infancy and early childhood. The available evidence suggests that early
nutritional exposures have important implications for long-term metabolic health. Rapid infant
weight gain, prolonged use of energy-dense supplementation in children with normal growth, and
excessive catch-up growth following prematurity may increase susceptibility to later obesity and
cardiometabolic disease.

Nevertheless, nutritional supplementation remains beneficial and, in many circumstances,
essential for children with documented undernutrition, chronic illnesses, feeding difficulties, or
increased metabolic demands. The challenge for pediatricians is therefore not to avoid nutritional
supplementation, but to ensure that supplementation is used appropriately, individualized to the
child's needs, and regularly reassessed.

One of the major themes emerging from this review is the concept of growth optimization rather
than growth maximization. Historically, pediatric nutrition focused primarily on achieving rapid
weight gain. Contemporary evidence, however, emphasizes that healthy growth should include
appropriate body composition, adequate linear growth, favorable neurodevelopment, and long-
term metabolic health.

This issue is particularly relevant in Saudi Arabia, where rising rates of childhood obesity coexist
with persistent undernutrition among medically vulnerable children. In this setting, healthcare
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providers must simultaneously address two nutritional challenges: preventing obesity in the
general population while supporting growth in infants and children with genuine nutritional
deficits. The neonatal experience offers an important model for individualized nutritional care.
During NICU admission, enhanced nutritional strategies such as human milk fortification,
specialized preterm formulas, and RTF products are essential to prevent postnatal growth
restriction and support neurodevelopment. However, these interventions should not continue
indefinitely without reassessment. Parental perceptions also deserve consideration. In many
families, a heavier child is often viewed as healthier, leading to unnecessary use of nutritional
supplements. Educational interventions should therefore emphasize that healthy growth is
determined by appropriate growth velocity, balanced nutrition, physical activity, and overall well-
being rather than body weight alone.

Overall, current evidence supports individualized nutritional assessment, regular growth
monitoring, parental counseling, and evidence-based nutritional interventions as the cornerstone
of pediatric nutritional practice.

FIGURE 6. Conceptual Framework: From Early Nutrition Interventions to Lifelong Health Outcomes
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/ OVERALL GOAL: Optimal nutrition in the first 1,000 days and beyond leads to healthy growth and development, prevents obesity and chronic diseases,
O and promotes lifelong health and well-being.
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TABLE 6. Major Clinical Challenges and Recommended Approaches

Clinical Challenge

Parent concern regarding poor appetite

Recommended Approach

Evaluate growth charts before recommending supplements

Naturally lean child with normal growth

Reassure parents and monitor growth

Child with failure to thrive

Consider targeted supplementation

Preterm infant after NICU discharge

Individualize nutritional management

Long-term use of supplements

Review indication regularly

Rapid increase in BMI percentile

Assess dietary intake and lifestyle

Misconceptions regarding body size

Provide parental education

9. Clinical Recommendations For Pediatricians, Neonatologists, And Parents

Translating scientific evidence into routine clinical practice is essential to achieving the optimal
balance between promoting healthy growth and preventing childhood obesity. Nutritional
supplements should be considered therapeutic interventions rather than routine dietary additions.

9.1 Recommendations for Pediatricians and Primary Healthcare Providers
Pediatricians frequently encounter parental concerns regarding poor appetite, selective eating, or
inadequate weight gain. Before recommending nutritional supplementation, a comprehensive

clinical assessment should be undertaken.

Assessment should include:

e Accurate measurement of weight, height, and BMI.
o Review of growth trajectory using standardized growth charts.

e Detailed dietary assessment.

o Evaluation of feeding behaviors and mealtime practices.

o Assessment of underlying medical conditions.

e Consideration of developmental and psychosocial factors.

Nutritional supplementation should only be initiated when clear clinical indications exist.
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9.2 Recommendations for Neonatologists and NICU Follow-Up Clinics
Preterm infants and NICU graduates require individualized nutritional strategies because of their
unique nutritional requirements.

Key recommendations include:

o Regular assessment of weight, length, and head circumference.

e Periodic reassessment of the need for energy-enriched formulas.

e Promotion and support of breastfeeding whenever possible.

o Evaluation of body composition and growth quality.

o Timely transition from specialized nutritional support when clinically appropriate.
Balanced catch-up growth should remain the primary objective.

9.3 Recommendations for Parents and Caregivers

Parents should be encouraged to:

o Attend regular pediatric growth monitoring visits.

o Offer balanced family meals.

e Avoid forcing children to eat.

e Avoid unnecessary use of high-calorie nutritional supplements.
o Encourage daily physical activity.

o Limit sugar-sweetened beverages and processed foods.

o Restrict excessive screen time.

Families should understand that healthy children often exhibit natural variations in appetite and
body size.

9.4 Public Health Considerations in Saudi Arabia

The increasing prevalence of childhood obesity in Saudi Arabia highlights the need for coordinated
public health interventions.

Important strategies include:

o Strengthening breastfeeding promotion programs.

o Improving nutritional literacy among parents.

e Encouraging healthy school environments.

o Increasing opportunities for physical activity.

e Promoting early obesity prevention strategies through primary healthcare services.

9.5 Personalized Pediatric Nutrition

Future pediatric nutritional care should increasingly adopt a personalized approach based on:
o Birth history.

e Growth trajectory.

e Medical conditions.

o Family lifestyle.

e Nutritional status.

o Developmental progress.

The objective is to provide the right nutrition, for the right child, at the right time.
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FIGURE 7. Clinical Decision Framework for Individualized Pediatric Nutritional Management
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Optimize growth, nutrition, and development while preventing undernutrition and obesity,
and promoting lifelong health and well-being.

TABLE 7. Practical Clinical Guidance for Nutritional Supplementation

Clinical Situation Recommended Approach

Failure to thrive Targeted supplementation with close follow-up
Chronic illness Individualized nutritional support

Feeding disorder Multidisciplinary assessment

Healthy child with normal growth Reassurance and dietary advice

Preterm infant Individualized follow-up and nutritional reassessment
Long-term supplement use Review need periodically

10. Future Research Directions

Despite significant advances in pediatric nutrition, several important questions remain
unanswered.

Future research should focus on identifying nutritional strategies that optimize growth while
minimizing obesity risk.
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10.1 Long-Term Outcomes of Oral Nutritional Supplementation
Longitudinal studies are needed to determine the long-term metabolic effects of prolonged
nutritional supplementation in healthy children and vulnerable pediatric populations.

10.2 Optimizing Nutrition in Preterm Infants
Future studies should determine how to promote adequate catch-up growth in preterm infants while
avoiding excessive adiposity and adverse cardiometabolic outcomes.

10.3 Precision Nutrition
Emerging fields such as genomics, metabolomics, and microbiome science may enable
individualized nutritional strategies tailored to each child's biological profile.

10.4 Research Priorities in Saudi Arabia

Additional Saudi-specific research is required to examine:
e Cultural feeding practices.

o Patterns of nutritional supplement use.

o Regional obesity trends.

o Family perceptions regarding child growth.

10.5 Digital Health Technologies
Artificial intelligence, telemedicine, and electronic growth-monitoring systems may improve early
identification of children at risk of undernutrition or obesity.

10.6 Moving Beyond Weight Gain
Future research should prioritize healthy body composition, neurodevelopment, and lifelong
metabolic health rather than focusing solely on weight gain.

FIGURE 8. Future Directions in Pediatric Nutritional Research
Traditional Focus on Weight Gain

!

Modern Precision Nutrition

!

Individual Risk Assessment

!

Genetic + Environmental + Metabolic Factors

!

Personalized Nutritional Intervention

!
Healthy Lifelong Outcomes

TABLE 8. Priority Areas for Future Research

‘Research Area HFuture Need ‘
‘Oral nutritional supplements HLong-term metabolic outcomes ‘
‘Prematurity HOptimal catch-up growth strategies ‘
‘Precision nutrition HIndiVidualized nutritional interventions ‘
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lResearch Area HFuture Need ‘
ISaudi Arabia HEpidemiological and behavioral studies ‘
‘Digital health HAI-assisted growth monitoring ‘
‘Microbiome research HUnderstanding metabolic programming ‘

8.1 Limitations

This review has several limitations. First, because this study adopted a narrative review design,
quantitative synthesis and meta-analysis were not performed. Second, the included studies were
heterogeneous with respect to populations, nutritional interventions, and outcome measures,
limiting direct comparison between studies. Third, publication bias and language bias may have
influenced the available evidence. Finally, although Saudi Arabia was a major focus of this review,
Saudi-specific data on long-term outcomes of pediatric nutritional supplementation remain
limited. Nevertheless, the narrative approach enabled comprehensive discussion of clinically
relevant issues surrounding childhood nutritional supplementation and obesity prevention.

11. Conclusion

Childhood obesity is a multifactorial disorder influenced by genetic, prenatal, nutritional,
behavioral, environmental, and socioeconomic factors. No single nutritional product or feeding
practice can be considered solely responsible for excessive weight gain.

Nutritional supplementation continues to play an essential role in pediatric care, particularly
among children with undernutrition, chronic illness, feeding difficulties, and increased nutritional
requirements. However, nutritional interventions should always be individualized, evidence-
based, and regularly reassessed. The findings of this review support the principle that pediatric
nutrition should focus on growth optimization rather than growth maximization. Healthy
growth encompasses appropriate weight gain, normal linear growth, favorable body composition,
optimal neurodevelopment, and long-term metabolic health.

This principle is particularly relevant in Saudi Arabia, where childhood obesity coexists with
undernutrition among vulnerable pediatric populations. Clinicians should therefore adopt a
balanced approach that promotes healthy growth while minimizing unnecessary excess calorie
exposure. Individualized assessment, regular growth monitoring, parental education, breastfeeding
support, and evidence-based nutritional supplementation represent the cornerstones of modern
pediatric nutritional practice.

Future advances in precision nutrition, microbiome science, and digital health technologies may
further improve our ability to provide personalized nutritional care.

In conclusion, successful pediatric nutrition is not defined by how rapidly a child gains weight, but
by how appropriately the child grows, develops, and achieves lifelong metabolic health.

FIGURE 9. Growth Optimization Rather Than Growth Maximization
Undernutrition

!
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|
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FIGURE 10. Central Concept of Balanced Pediatric Nutrition
Nutritional Deficit
!

Individualized Assessment

!

Evidence-Based Intervention

l

Regular Reassessment

!
Healthy Growth and Development

l
Reduced Risk of Childhood Obesity

TABLE 9. Key Clinical Take-Home Messages

Key Message Clinical Implication

_~ 1. Growth is the best indicator

Regular growth monitoring is essential and should guide ‘
all

of adequate nutrition. clinical decisions.

9. ‘Balarice:is critical. The goal is optimal growth—not just more weight gain }

or fear of obesity.

Nutritional management must be tailored to the child’s age,

. Individualization is essential.
health status, growth pattern, and context.

4. Parental education and reassurance ® Address concerns, correct myths, and empower families to
are powerful tools. support healthy growth.

it | 530 @ b:—j

o= 5. Use evidence-based guidelines * Avoid unnecessary supplements and interventions;
Y= and growth standards. ‘ follow WHO growth standards.

. Promote healthy eating and Establish healthy habits in infancy and early childhood to
active lifestyles early. prevent future chronic diseases.

¢ Reevaluate regularly and modify the plan as the child grows
and circumstances change. ‘

7. Monitor, reassess, and adjust.
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and obesity is a shared goal. development, and lifelong well-being.

&
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Final Clinical Message
"Successful pediatric nutrition is not defined by how rapidly a child gains weight, but by
how appropriately the child grows, develops, and achieves lifelong metabolic health."
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