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Abstract 

Human milk is recognized as the optimal source of nutrition for infants, playing a critical role in their 
growth and development. This systematic review explores the evidence linking human milk 
consumption to various growth parameters in infants, including weight gain, length, and head 
circumference while considering the influencing factors of prematurity and health status. The 
composition of human milk, rich in essential macronutrients (proteins, fats, carbohydrates) and 
micronutrients (vitamins and minerals), along with bioactive components, such as immunoglobulins 
and growth factor, contributes significantly to the nutritional outcomes for infants. Clinical studies 
demonstrate that breastfed infants experience superior weight gain and growth velocity compared to 
their formula-fed counterparts, with benefits observed in premature infants who face significant 
growth challenges. The review highlights the importance of human milk in neonatal intensive care 
units (NICUs), where it supports optimal growth parameters and long-term developmental outcomes 
for preterm infants. Additionally, the health status of both mother and infant plays a pivotal role in 
influencing the growth responses to human milk, with maternal health directly impacting milk 
composition and infant health affecting growth trajectories. Mechanistically, the prebiotic effects of 
human milk oligosaccharides promote a healthy gut microbiota, which in turn supports metabolic 
pathways critical for growth. The review concludes with recommendations for optimizing infant 
growth through exclusive breastfeeding, maternal education, and the potential for fortifying human 
milk for vulnerable populations. The findings underscore the importance of human milk not only as a 
nutritional resource but also as a crucial factor in enhancing infant growth and development 
outcomes, emphasizing the need for ongoing research in this vital area of pediatric health. 
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INTRODUCTION  

Human milk is recognized as the optimal nutritional source for infants, uniquely providing essential 
nutrients and bioactive components that promote growth, immune function, and overall health during 
critical early months. Key growth parameters, including weight gain, length, and head circumference, 
serve as vital indicators of an infant’s nutritional adequacy and overall well-being. This systematic 
review aims to synthesize current evidence linking human milk consumption to these growth 

outcomes, considering factors, such as prematurity 
and health status that may influence growth 
effectiveness. Understanding these relationships is 
crucial for informing clinical practices and public 
health policies aimed at enhancing infant nutrition 
and health outcomes, particularly for vulnerable 
populations like premature infants [1]. 
 

COMPOSITION OF HUMAN MILK 

1. Macros and Micronutrients in Human Milk 

Human milk contains a balanced mix of 

macronutrients and micronutrients essential for 

infant growth and development. 
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Proteins 
Human milk is rich in proteins, primarily whey and casein, which provide essential amino acids 

necessary for growth and tissue repair. Whey proteins are easily digestible and play a crucial role in 
the immune response, while casein supports sustained energy release. 
 
Fats 

The fat content in human milk is vital for energy provision and supports brain development. It 
includes essential fatty acids, such as omega-3 and omega-6, which are critical for neurological 
development and visual acuity. The composition of fats can vary based on maternal diet and stage of 
lactation. 

 
Carbohydrates (Including Oligosaccharides) 

Carbohydrates, predominantly lactose, provide energy and support the growth of beneficial gut 
bacteria. Human milk also contains oligosaccharides, which act as prebiotics, promoting a healthy gut 
microbiome and protecting against infections. 

 
Vitamins and Minerals 

Human milk is a source of essential vitamins (e.g., A, C, D, and B vitamins) and minerals (e.g., 
calcium, iron, and zinc) that are crucial for various physiological functions, including bone 
development and immune function. The bioavailability of these nutrients in human milk is often 
higher than that found in formula [2, 3]. 

 
2. Bioactive Components and Their Role in Growth 

In addition to macronutrients and micronutrients, human milk contains bioactive components that 
significantly contribute to infant growth and health. 
 
Immunoglobulins 

Immunoglobulins, particularly secretory IgA, provide passive immunity to infants, protecting them 
from infections and promoting gut health. These antibodies help establish the immune system and 
reduce the incidence of gastrointestinal infections. 
 
Growth Factors 

Various growth factors, including epidermal growth factor (EGF) and insulin-like growth factors 
(IGFs), are present in human milk. These factors stimulate cell growth and development, playing a 
pivotal role in the maturation of the gut and other organ systems. 
 
Hormones 

Human milk contains hormones, such as leptin and ghrelin, which are involved in regulating 
appetite and energy balance. These hormones may also influence metabolism and growth patterns in 
infants, contributing to healthy weight gain and growth trajectories [4, 5]. 
 
IMPACT OF HUMAN MILK ON INFANT GROWTH PARAMETERS 
Weight Gain 

Human milk significantly influences infant weight gain, as demonstrated by numerous clinical 
studies showing that breastfed infants tend to achieve healthier weight trajectories compared to their 
formula-fed counterparts. Research indicates that exclusive breastfeeding for the first six months leads 
to more optimal weight gain, reducing the risk of being overweight and obesity later in childhood. 
Studies have shown that breastfed infants typically exhibit a higher rate of weight gain during the first 
few months of life, which is essential for meeting developmental milestones. The unique composition 
of human milk, including its easily digestible proteins and healthy fats, contributes to this beneficial 
effect on weight. 

 

Length & Head Circumference 

In addition to weight, human milk positively affects growth parameters, such as length and head 

circumference. Studies comparing breastfed and formula-fed infants reveal that those who are 
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breastfed often experience greater growth velocity, particularly in the early months. This increased 

growth rate not only supports immediate physical development but also correlates with improved 

long-term growth outcomes. Research suggests that breastfed infants are more likely to maintain a 

healthy growth trajectory into childhood, with better head circumference measurements, indicating 

optimal brain development. The long-term benefits of breastfeeding underscore its critical role in 

supporting healthy growth and development during infancy [6]. 

 

Role of Human Milk on Infant Growth  

Human milk plays a crucial role in promoting infant growth, particularly in weight gain, length, and 

head circumference. Evidence from clinical studies consistently demonstrates that breastfed infants 

experience healthier weight trajectories compared to their formula-fed counterparts, with exclusive 

breastfeeding for the first six months leading to optimal weight gain and a reduced risk of obesity later 

in life. The unique composition of human milk, including easily digestible proteins and healthy fats, 

facilitates this positive impact on weight. Furthermore, studies show that breastfed infants exhibit 

greater growth velocity, particularly in their early months, leading to improved length and head 

circumference measurements. These early growth patterns correlate with better long-term growth 

outcomes, as breastfed infants are more likely to maintain healthy growth trajectories throughout 

childhood, supporting optimal physical and neurological development. Overall, the benefits of human 

milk underscore its essential role in ensuring healthy growth and development during infancy [7]. 

 

Influence of Prematurity on Nutritional Outcomes 

Premature infants face significant growth challenges due to their underdeveloped physiological 

systems and increased nutritional needs. These infants are often at a higher risk for complications, 

such as low birth weight, respiratory issues, and feeding difficulties, which can hinder their growth 

and overall health. The nutritional support provided during the neonatal period is critical for their 

development, as premature infants require higher caloric intake and specific nutrients to compensate 

for their early arrival and promote proper growth [8]. 

 
Human milk plays a vital role in addressing these challenges and supporting the growth of preterm 

infants. Studies have shown that human milk offers a unique combination of nutrients and bioactive 
components essential for the growth and development of these vulnerable infants. Evidence from 
research conducted in neonatal intensive care unit (NICU) settings indicates that premature infants 
receiving human milk exhibit better growth parameters, including increased weight gain and 
improved length and head circumference measurements, compared to those receiving formula. 
Furthermore, long-term developmental outcomes for preterm infants who were breastfed are generally 
more favorable, with studies linking human milk consumption to enhanced cognitive and motor skills 
later in childhood. These findings emphasize the critical importance of providing human milk to 
preterm infants to support their growth and development during this crucial period [9]. 

 
HEALTH STATUS AND ITS EFFECT ON GROWTH 

Maternal health significantly influences the composition of human milk, which in turn affects infant 
growth outcomes. Factors, such as maternal nutrition, preexisting health conditions, and lifestyle 
choices can alter the nutrient profile of human milk, including its levels of essential fatty acids, 
vitamins, and antibodies. For instance, a well-nourished mother is more likely to produce milk that 
meets her infant’s nutritional needs, while maternal malnutrition can lead to deficiencies in critical 
nutrients, potentially compromising the infant’s growth and immune function. Additionally, maternal 
health issues, such as diabetes or hypertension may impact the quality and quantity of milk produced 
[10]. 

 
Infant health conditions, including infections and metabolic disorders, also play a crucial role in 

determining growth outcomes. Infants with health challenges may experience disruptions in feeding 
patterns, nutrient absorption, and overall metabolism, which can hinder their growth despite receiving 
human milk. Evidence suggests that the presence of infections can negatively impact weight gain and 
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growth velocity, particularly in premature or low-birth-weight infants. Moreover, research indicates 
that health status can modify how effectively infants respond to human milk, with some studies 
showing that infants with certain conditions may benefit more from the immunological properties and 
bioactive components of breast milk. This underscores the importance of considering both maternal 
and infant health when assessing growth responses to human milk, highlighting the need for tailored 
nutritional support in vulnerable populations [11]. 

 

MECHANISMS LINKING HUMAN MILK TO GROWTH 

Human milk exerts its positive effects on infant growth through several interconnected 

mechanisms. One of the key factors is the prebiotic effect of human milk oligosaccharides (HMOs), 

which serve as a food source for beneficial gut bacteria. These oligosaccharides help establish and 

maintain a healthy gut microbiota, promoting the growth of probiotics like Bifidobacterium and 

Lactobacillus. A well-balanced microbiome is essential for optimal nutrient absorption, immune 

system support, and overall metabolic health, thereby facilitating healthy growth in infants. The 

specific proteins and fats present in human milk influence various metabolic pathways that are critical 

for growth. For instance, certain whey proteins in human milk can enhance protein synthesis and 

support muscle development, while the healthy fats, including essential fatty acids, are vital for brain 

development and energy provision. Furthermore, human milk contains growth factors and hormones, 

such as IGFs and EGF, which play crucial roles in cellular growth and differentiation. These bioactive 

components help regulate growth processes, stimulating cell proliferation and supporting the 

maturation of organ systems. Together, these mechanisms highlight the multifaceted ways in which 

human milk contributes to promoting healthy growth and development in infants [12]. 

 

RECOMMENDATIONS FOR OPTIMIZING INFANT GROWTH 

To optimize infant growth, exclusive breastfeeding for the first 6 months is paramount. This 

practice provides infants with the ideal balance of nutrients necessary for healthy development while 

also offering protective factors that enhance immune function. Exclusive breastfeeding has been 

associated with better growth outcomes, including improved weight gain and length, as well as a 

reduced risk of infections and chronic diseases later in life. 

 

Supporting breastfeeding through targeted strategies is essential to achieve this goal. Maternal 

education on the benefits of breastfeeding, along with access to lactation support services, can 

empower mothers to initiate and maintain breastfeeding successfully. Hospitals and healthcare 

providers should implement policies that promote skin-to-skin contact immediately after birth and 

provide comprehensive breastfeeding resources, including counseling and support groups. 

Additionally, creating a supportive environment in communities and workplaces can encourage 

breastfeeding by providing mothers with the necessary resources and flexibility to continue 

breastfeeding for the recommended duration. 

 

For premature or ill infants, special considerations are necessary to ensure adequate nutritional 

support. Fortifying human milk with additional nutrients can help meet the increased caloric and 

nutrient needs of these vulnerable populations. This may include adding specific proteins, fats, or 

micronutrients to human milk to optimize growth and development in preterm infants or those with 

health complications. Collaborating with healthcare professionals to develop personalized nutrition 

plans for these infants is crucial to enhance their growth outcomes and overall health [13–18]. 

 

CONCLUSIONS 

This review highlights the critical role of human milk in promoting optimal infant growth, 

underscoring its unique composition of macronutrients, micronutrients, and bioactive components that 

support healthy weight gain, length, and head circumference. Evidence from clinical studies 

consistently demonstrates that infants who are exclusively breastfed, particularly those born 

prematurely or with health challenges, experience significant advantages in growth parameters and 
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long-term developmental outcomes. Additionally, the mechanisms by which human milk influences 

growth—through prebiotic effects, specific proteins and fats, and bioactive growth factors—further 

illustrate its indispensable role in infant nutrition. The implications for clinical practice and public 

health are profound. Healthcare providers must prioritize and promote exclusive breastfeeding in the 

first six months of life, alongside comprehensive support for mothers to facilitate successful 

breastfeeding. Policies that enhance lactation support, maternal education, and community awareness 

are essential to improve breastfeeding rates and, consequently, infant health outcomes. Finally, 

recognizing the importance of human milk as a foundational element in infant nutrition and growth is 

crucial, not only for individual health but also for public health initiatives aimed at reducing the 

burden of infant morbidity and mortality. Continued research and advocacy are necessary to ensure 

that all infants receive the optimal benefits of human milk, fostering healthier future generations. 
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