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Preface

Infant nutrition, particularly during the first years of life, is a crucial aspect of child-
care, given its implications for future health. Despite ongoing concerns about this 
issue and the implementation of various public policies aimed at recommending and 
promoting optimal infant feeding practices, which should result in the best nutri-
tional and health outcomes, there are still gaps and difficulties in different contexts 
and among the most vulnerable groups.

In this context, this book compiles experiences and thematic reviews on diverse 
domains of child nutrition and feeding, particularly during the initial two years. 
Through 16 chapters distributed across four sections, it presents an updated overview 
of the subject matter. 

In the initial section, “Lactation, Human Milk and Formula Milk: Components 
and Effects” Chapter 1 presents a comprehensive analysis of the fundamental ele-
ments pertaining to the composition, characteristics, and stages of human milk. 
Furthermore, it offers a detailed account of the effects of breastfeeding on child 
growth and development, cognitive and socioemotional development, nutritional 
status, and childhood morbidity and mortality. Chapter 2 provides an overview of 
the fundamental elements of exclusive breastfeeding, including a description of the 
composition and functioning of breast milk, the factors associated with the initiation 
and maintenance of exclusive breastfeeding, and the benefits of its maintenance. 
Additionally, it outlines the actions that health professionals can take to promote and 
support EBF. In Chapter 3, the influence of breast milk on the modulation of epigen-
etic factors in the early stages of life, which have a protective effect on later develop-
ment, is analyzed based on the developmental origins of health and disease (DOHaD) 
theory. It is then explained that, given that not all children are breastfed and accord-
ing to the differential composition of breast milk and milk formula, it is necessary 
to study which components are necessary to incorporate into milk formulas in order 
to reduce the gap between children who receive breast milk and artificial formula. 
Chapter 4 then reviews the impact of polyamines on infant growth and health, the 
polyamine content in human milk, and how it is influenced by mother-infant interac-
tion. The polyamine contents and profiles of human milk and infant formulas are 
compared. Finally, the section concludes with Chapter 5, which examines the compo-
sition of baby formula made from soy, rice, goat milk, and cow’s milk and discusses 
nutrient bioaccessibility and protein functioning characteristics that are relevant 
to infant formula. Additionally, the necessity of studying whether the biochemical 
properties of infant formulas affect their composition is highlighted.

The second section, entitled “Infant Feeding Overview and Perspectives”, com-
mences with Chapter 6, which analyzes the recommendations for infant feeding 
during the first two years of life. The contents of this chapter include an examination  
of prelacteal nutrition, the composition and benefits of human milk, the practice of 
exclusive breastfeeding, the types of milk formulas and complementary feeding, and 



the essential elements required to meet the nutritional needs of infants. Chapter 7 
provides a comprehensive overview of the landscape of current infant feeding pat-
terns and cultural practices in different regions of the world. It also highlights the 
multiple drivers and barriers to exclusive breastfeeding in various regions. Chapter 8 
shares the results of a study carried out in a rural area of India, Saharanpur. Among 
its findings, the study highlighted that the feeding practices of children and infants in 
this area are not satisfactory and that exclusive breastfeeding at the sixth month is not 
fully complied with. It is argued that an approach focused on generating awareness 
and efforts to improve infant feeding practices is required to eradicate malnutrition 
among rural children. Poverty alleviation programs, adult education programs, and a 
communication approach more focused on behavioral change on the part of workers 
are therefore proposed. The section ends with Chapter 9, which provides compre-
hensive information on suboptimal infant feeding practices and the factors that 
contribute to them. The chapter concludes that a multifaceted approach is necessary 
to address the socioeconomic, maternal, familial, and environmental factors that 
contribute to suboptimal infant feeding practices.

The third section, entitled “Infant Nutrition and Feeding for Infants with Special 
Problems” is devoted to the presentation of various contexts and special situations in 
which children must engage in the process of feeding. Chapter 10 addresses the care 
and feeding of premature infants during their hospital stay and then at home, with a 
particular focus on feeding difficulties and monitoring the growth and development 
of premature infants. Chapter 11 provides an overview of the use of human milk in 
the context of the neonatal intensive care unit (NICU), including a description of the 
differences between term and premature milk, milk collection, labeling, and stor-
age techniques. Furthermore, the chapter examines the impact of breast milk intake 
on neurodevelopment in these at-risk children. Chapter 12 analyzes the initial diet 
of small-for-gestational-age children and presents a discussion based on available 
evidence regarding the optimal diet for these children to reduce the risk of developing 
diseases and disorders in the future. This section concludes with Chapter 13, which 
presents the findings of a prospective cohort study involving more than 200 mother–
newborn dyads. The study evaluated the outcomes of children with ankyloglossia and 
the potential influence of this condition on exclusive breastfeeding and growth.

Finally, the fourth section, entitled “Breastfeeding Interventions” describes the 
various aspects and interventions that are necessary to promote successful breast-
feeding. Chapter 14 discusses the cost-effectiveness and equity of breastfeeding 
interventions, highlighting the influence of social differences on the maintenance of 
breastfeeding practices. This chapter illustrates the application of the distributional 
cost-effectiveness (DCEA) framework to these interventions and how some interven-
tions may be more effective in changing the behavior and outcomes of mothers with 
different socioeconomic statuses. This can be used to change inequality in effective-
ness and improve equity in health. Chapter 15 analyzes and provides recommenda-
tions on evidence-based infant feeding intervention strategies for mothers, students, 
and health professionals. The promotion of breastfeeding is a notable example of an 
intervention that must be implemented at the individual, community, and political 
levels to improve the optimal general practice of this type of feeding. The section and 
the book conclude with Chapter 16, which emphasizes the importance of health edu-
cation in the context of neonatal hospitalization and highlights the need to implement 
programs to promote breastfeeding as a vital support to develop parenting skills in 
VI

mothers and fathers in neonatal units to sustain breastfeeding and obtain its multiple 
benefits. This chapter examines the applicability of the Ramona Mercer model as a 
comprehensive support for the mother’s acquisition of knowledge.

As previously stated, this book addresses various aspects of infant nutrition and 
feeding, thereby encompassing a number of topics of interest to health professionals 
engaged in childcare. Its objective is to facilitate the experience and understanding of 
this phenomenon, thereby enabling the implementation of optimal practices in the 
context of nutrition.

I would like to express my gratitude to all the authors who, through their contribu-
tions based on their experience and intellectual dedication, have enabled the develop-
ment of this thought-provoking book, which should prove useful for professionals 
involved in children’s food and nutrition.

R. Mauricio Barría
Faculty of Medicine,
Institute of Nursing,

Universidad Austral de Chile,
Valdivia, Chile
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Chapter 1

Breastfeeding Practices and Infant 
Development Outcomes
Vinutha U. Muktamath, Priya R. Hegde, Ramya Koneru  
and Rekha Lakkashetti

Abstract

The biochemistry of human milk contains a vast amount of knowledge and  
information that was previously un-recognised and unknown. The neonate and 
infant receive both nutritive and non-nutritive signals from milk, according to  
evidence. There is strong evidence that early, continuous breast feeding for 
23 months significantly lowers neonatal and child mortality on a global scale. 
Breast feeding is the gold standard for an infant’s survival, health, and develop-
ment, according to scientific research. Due to its nutritional, immunological, and 
psychological advantages, it is thought to be the best start for infant life. To achieve 
the best possible growth, development, and health, the World Health Organisation 
advises mothers to exclusively breastfeed their infants for the first six months of 
their lives, then continue to do so while supplementing with the right foods until 
they are two years old or older. Infant developmental milestones and outcomes like 
cognitive development, socio- emotional development, psychomotor development, 
and language development have been linked to both the components of breast milk 
and the act of breast feeding.

Keywords: human milk, nutritive signals, survival, exclusively breast fed, 
developmental outcomes

1. Introduction

Infant health studies conducted around the world have primarily centered on 
and focused to understand the complex factors, both positive and negative affecting 
the infant’s health. Given that childhood under nutrition is one of the most sig-
nificant public health issues, breastfeeding is one of the most important issues for 
research on infant mortality and morbidity. It is estimated that 35% of deaths in 
children under the age of five in the world can be attributed to malnutrition. Early 
breastfeeding initiation, exclusive breastfeeding for the first six months of life, 
adequate, timely, and appropriate complementary feeding from six to 24 months of 
age, continued breastfeeding following the introduction of complementary foods, 
adequate dietary diversity in complementary foods, and adequate frequency of 
meals are all aspects of infant and young child feeding (IYCF) that are crucial in the 
first two years of life.
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Breastfeeding is considered as the gold standard for an infant’s survival, health, 
and development due to its nutritional, immunological, and psychological advan-
tages, it is thought to be the best start for infant life. To achieve the best possible 
growth, development, and health, the World Health Organisation advises mothers to 
exclusively breastfeed their infants for the first six months of their lives, then con-
tinue to do so while supplementing with the right foods until they are two years old or 
older. According to WHO fact files from 2015, the first 28 days of life account for 44% 
of deaths in children under five [1]. Globally, the rates of exclusive breastfeeding up to 
6 months of age is slightly better in South Asia (44%) as compared to dismal figures 
of 20% for Central and European nations [https://www.unicef.org/ info by country/
India statistics.html].

Breastfeeding (BF) is the act of transferring human milk from a mother to her 
infant, in which case the baby takes the milk directly from the mother’s breast. 
Additionally, Exclusive Breastfeeding (EBF) means that the infant receives no other 
type of milk or liquid including water, infant formula and other pre-lacteal feeds for 
the first six months except vitamins and medicines. Breastfeeding is the best way to 
give babies the ideal nutrition they need for healthy growth and development. It is 
also an essential part of the reproductive process with significant health benefits for 
mothers. As long as they have access to accurate information and have the support 
of their family, the healthcare system, and society at large, almost all mothers can 
successfully breastfeed. The WHO advises using colostrum, the yellowish, sticky 
breast milk produced at the end of pregnancy, as the ideal food for the newborn, and 
that feeding should begin within the first hour of delivery. For the baby, human milk 
is regarded as being “hand crafted” or “well-suited” because of its benefits to the 
infant’s nutritional needs, immune system, and psychological development; hence it 
is thought to be the best start to life [2–4].

Improvements in breastfeeding rates are critical to the attainment of the 
Millennium Development Goals and Post-2015 Sustainable Development Goals, 
especially to reduce the child mortality and improving maternal health. Adequate 
breastfeeding counselling and support are essential for mothers and families to 
initiate and maintain optimal breastfeeding practices. Because of its nutritional, anti-
infective, and biological qualities, human milk has been referred to as the best food 
for human growth and development. It is also known to provide a lot of advantages to 
the growing infant. Infant developmental milestones and outcomes have been linked 
to both the components of breast milk and nursing as a primary factor. The achieve-
ment of the Millennium Development Goals and Post-2015 Sustainable Development 
Goals, particularly to reduce child mortality and improve maternal health, depends 
on improving successful breastfeeding practice rates. For mothers and families to 
start and continue optimal breastfeeding practices, adequate breastfeeding counsel-
ling and support are crucial. Because of its nutritional, anti-infective, and biological 
qualities, human milk has been referred to as the best food for human growth and 
development. It is also known to provide a number of advantages to the growing 
child. Breastfeeding practices and its components have both been linked to significant 
influences on the developmental milestones and outcomes of infants [5–7].

2. Human milk composition and the empirical evidence

A consistent and substantial evidence extensively indicates that early, exclusive, 
and continuous breastfeeding for 23 months significantly lowers neonatal and child 
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mortality. According to an estimate, initiating breastfeeding within the first hour 
of birth could prevent 20% of neonatal deaths, according to a technical brief on 
the effect of early breastfeeding initiation on newborn deaths. Additionally, it was 
discovered that starting breastfeeding within 24 hours of birth is linked to a 44–45% 
lower relative risk (RR) of neonatal mortality from all causes and infection-related 
mortality. Suboptimal breastfeeding is linked to increased incidence of pneumonia, 
diarrhoea, morbidity and mortality among infants in the age range of 0–5 months 
and never breastfed children in 6–23 months of age. Every year about 800,000 child 
deaths occurs due to inadequate breastfeeding practices [8].

There is a vast body of knowledge and research on the biochemistry of human 
milk. The analysis of milk composition is now more sensitive, fast, and resolving 
thanks to improvements in analytical techniques. Compounds that had not previ-
ously been discovered or recognised have been found. We now know that milk gives a 
newborn both nutritionally important and non-nutritional signals. The milk is more 
nutrient-dense when the offspring develops quickly, and more nutrient-deficient 
when it does so slowly. All milks contain minerals, vitamins, proteins, and other 
nutrients in addition to fat, carbohydrates, and proteins. Lipids are organised in milk 
composition as emulsified globules coated with a membrane, proteins are dispersed 
colloidally as micelles, and the remaining components are a true solution. A single 
meal is insufficient at all other times in life.

Human milk is a mammary gland secretion which changes the composition and 
is not a uniform body fluid. Hind milk and foremilk are completely distinct with 
each other and compared to them, colostrum is different. Milk varies by the time of 
day. Physical properties like osmolarity and pH change as protein, fat, carbohydrate, 
mineral, and cell concentrations vary. It is becoming clearer how compositional 
changes affect the infant gut’s physiology. Many constituents serve multiple purposes, 
including nutrition and immunity or a variety of other effects.

2.1 Stages of human milk

Colostrum, transitional milk, and mature milk are the three stages in the continuum 
of human milk according to traditional nomenclature, and their respective contents are 
important for newborns physiologic adjustment to extra-uterine life (Table 1).

2.1.1 Colostrum

During the first few days, colostrums, a thick, yellowish fluid, makes up the mam-
mary secretion. Colostrums are formed when the residual mixture of substances in 
the mammary glands and ducts at delivery and immediately after gradually combines 
with freshly secreted milk. It is well known that the nature and relative proportions of 
the components of human colostrum differ from those of mature milk. Colostrum’s 
yellow colour is due to –carotene; and it high ash content as well higher concentra-
tions of sodium, potassium, and chloride than in mature milk. Compared to transi-
tional or mature milk, more protein, fat-soluble vitamins, and minerals are present. 
The concentrations of Lactoferrin and secretary immunoglobulin A (SIgA) rise. At 
this point, the oligosaccharides, which are complex sugars, also increase and contrib-
ute to the infection protection properties in infants.

The development of Lactobacillus bifidus flora in the digestive tract and meco-
nium passage are both made easier by colostrum. Antibodies found in human 
colostrum may offer defence against bacteria and viruses found in the birth canal and 
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those brought on by other human contact. The newborn’s requirements and reserves 
at birth are met by the colostrum’s high protein and low-fat content. The development 
of Lactobacillus bifidus flora in the digestive tract and meconium passage are both 
made easier by colostrum. The abundance of antibodies in human colostrum may 
offer defence against the germs and viruses found in the birth canal and those brought 
on by contact with other people. The newborn’s needs and reserves at birth are met by 
the high protein and low-fat content of colostrum. Uric acid and an antioxidant that 
resembles ascorbate are both present in colostrum and these anti-oxidants may act in 
the colostrum as filters for reactive oxygen metabolites produced by neutrophils. The 
enzymatic processes of polymorphonuclear leukocytes and oxygen metabolism are 
interfered with by the aqueous human colostrum providing evidence to the theory 
that human milk is anti-inflammatory.

2.1.2 Transitional milk

Transitional milk is the milk produced between the colostrum and mature milk 
stages; its composition gradually changes and the period lasts roughly from 7 to 
10 days after delivery to 2 weeks after delivery. While lactose, fat, and total calorie 

Milk elements Colostrum Transitional Mature Cow milk

Lactose (g) — — 72.0 ± 2.5 (7%) 4.8%

Protein (g) — — 10.5 ± 2 (0.9%) 3.5%

Fat (g) — — 39.0 ± 4.0 (3.8%) 3.7%

Vitamin A (μg) 151.0 88.0 75.0 41.0

Vitamin B1 (μg) 1.9 5.9 14.0 43.0

Vitamin B2 (μg) 30.0 37.0 40.0 145.0

Nicotinic acid (μg) 75.0 175.0 160.0 82.0

Vitamin B6 (μg) — — 12.0–15.0 64.0

Pantothenic acid (μg) 183.0 288.0 246.0 340.0

Biotin (μg) 0.06 0.35 0.6 2.8

Folic acid (μg) 0.05 0.02 0.14 0.13

Vitamin B12 (μg) 0.05 0.04 0.1 0.6

Vitamin C (mg) 5.9 7.1 5.0 1.1

Vitamin D (μg) — — 0.04 0.02

Vitamin E (mg) 1.5 0.9 0.25 0.07

Vitamin K (μg) — — 1.5 6.0

Ash (g) 0.3 0.3 0.2 0.7

Calories (kcal) 57.0 63.0 65.0 65.0

Specific gravity 1050.0 1035.0 1031.0 1032.0

Milk (pH) — — 7.0 6.8

Source: Food and Nutrition Board, National Research Council, National Academy of Sciences: Recommended Dietary 
Allowances, ed 10 [9].

Table 1. 
Vitamin and other constituents of human milk and cow milk (per Deciliter).
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content rise, immunoglobulin concentration and total protein content fall. The levels 
of fat-soluble vitamins fall to those of mature milk while the water-soluble vitamin 
levels rise.

2.1.3 Mature milk

With the exception of some arctic and aquatic species that produce milks with 
high fat content (for example, the northern fur seal produces milk with 54% fat and 
65% total solids), water makes up the majority of almost all mammalian milks. Water 
dissolves, disperses, or suspends all other components and due to the evaporation 
of water from the lungs and skin it accounts for 25% of heat loss and thus helps the 
newborn’s body to regulate its temperature.

2.2 Benefits of human milk to infants growth and development

It provides optimum fluidity and warmth; and is very economical and convenient. 
Physiologically it has high lactose content and is the sweetest milk. The protein is 
simple to digest. Long chain polyunsaturated fats (LCP), phospholipids, and precur-
sors to prostaglandins are all abundant and provides enzymes like amylase, lipopro-
tein lipase, bile salt stimulated lipases (BSSL), oxidases, lactoperoxidases, leucocyte 
myeloperoxidases, etc. These enzymes aid in digestion and serve as a barrier against 
microbes. Additionally, it contains growth modulators, growth promoters, and 
growth regulators. LCPs, docosahexaenoic acid (DHA) and aracidonic acid (ARA)) 
reduce hyperactivity and promote brain growth.

Breast milk is biochemically superior. Whey protein makes up the majority of the 
protein (80%), and casein makes up 20%. Whey protein is high in lactoferrin and 
lactalbumin. Tryptophan, the building block of serotonin, a crucial neurotransmit-
ter, is abundant in lactalbumin. Lactoferrin is bacteriostatic and ensures iron and 
zinc absorption and binds iron and prevents the bacteria from accessing it. Human 
milk does not contain the allergens Alph-casein and Lactoglobulin. Despite the lower 
protein content, non-protein nitrogens are more abundant in breast milk. The infant’s 
growth and development are significantly influenced by the non-protein nitrogen in 
breast milk. It also contains a lot of proteins that bind substances like vitamin D, B12, 
and thyroxin. Calcium absorption is guaranteed because the calcium-phosphorous 
ratio is greater than two; and absorption of calcium and magnesium is aided by 
lactose. The lack of certain minerals in whey protein lowers solute load guarantees a 
mild load on an infant’s developing kidney. The best vitamins and minerals, including 
calcium, iron, and zinc, are also provided at the same time in order to meet the needs 
of infant growth [10–14].

3. Breastfeeding and cognitive development

Cognitive development is the intellectual equivalent of a person’s biological 
adaptation to their environment. It describes the progressive and ongoing growth of 
perception, memory, imagination, conception, judgement, and reason. Additionally, 
cognition includes the mental processes involved in understanding information as 
well as the process of acquiring, organising, retaining, and applying knowledge. 
Following that, this knowledge is applied to problem-solving and generalisation to 
new situations.
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From conception to age five, a variety of processes are included in early child 
development. It occurs concurrently with growth and describes the maturation of the 
function of picking up skills, behaviours, and values, as well as environmental adapta-
tion. The complex process of a child’s cognitive development is influenced by both 
genetic and environmental factors. The child’s capacity for cognitive development is 
genetically determined. The child’s cognitive development, however, may also be posi-
tively impacted by environmental factors, such as adequate nutrition and the parents’ 
capacity to create a pleasant and stimulating home environment [15, 16]. Numerous 
studies have found a link between breastfeeding and children’s cognitive development. 
Science has been studying the impact of breastfeeding on infant health and develop-
ment for many years. Extensive research has looked at how breastfeeding affects the 
development of the brain, particularly two aspects of brain development: cognitive 
development and the development of visual acuity. There is a significant correlation 
between the length of exclusive breastfeeding and test results in the vocabulary and 
similarity tests as well as cognitive IQ [8, 17]. Among the benefits attributed to feed-
ing children with human milk in comparison with substitutes such as infant formula, 
breastfeeding is also associated with advanced language development, high scores on 
vocabulary tests and very sensitive to speech stimuli [17–20]. Evidence is emerging that 
DHA is important in neural and visual development of preterm as well as term infants, 
especially for retinal and brain development [21, 22].

3.1 Essential fatty acids and brain development

The final trimester of pregnancy and the first six months of life are when the 
human brain grows more rapidly. The major building blocks of neural tissues are 
adequate long chain polyunsaturated fatty acids (LCPUFAs), such as docosahexae-
noic acid (DHA; 22:6n-3) and arachidonic acid (AA; 20:4n-6). DHA is crucial for 
the development of the central nervous system during this growth spurt because 
it makes up up to 50% of the phospholipids in the retina and cerebral cortex. The 
main source of DHA and AA is breast milk. Because LCPUFA precursors have a low 
capacity for elongation and de-saturation, infants can only synthesise a small amount 
of LCPUFAs. There is mounting evidence that DHA plays a critical role in the neural 
and visual development of both term and preterm infants [23]. There is evidence that 
breastfeeding promotes increased white matter development in the later maturing 
frontal and association brain regions of children. In several brain regions, there are 
also positive relationships between breastfeeding duration and white matter micro-
structure that are anatomically in line with the observed enhancements in cognitive 
and behavioural performance measures [21, 22, 24].

3.2 Lactose as a source of galactose

As a readily available source of galactose, lactose is necessary for the synthesis 
of galactolipids, including cerebroside, which is crucial for the growth of the CNS 
(Central Nervous System). The relationship between amount of lactose content in a 
species’ milk and its brain’s relative size varies; with human milk having the highest 
levels of both and this is found to influence early language expression and compre-
hension measures in term infants and toddlers. When compared to breastfed infants, 
formula-fed infants with DHA supplements are found to score lower on receptive and 
expressive vocabulary tests at 14 months of age [25].
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3.3 Immunoglobulins, hormone and growth factor content

Additionally, breast milk contains immunoglobulins, growth factors, and 
hormones like neurotensin, nerve growth factor, sialylated oligosaccharides, and 
thyroid stimulating hormone that are not present in formula milk but are essential 
for the functional development of the brain during the foetal and neonatal periods. 
T4 is the main form of hormonal iodine found in breast milk, whereas iodide is the 
only maternally derived component found in infant formulae (the inorganic form of 
iodine). Iodine deficiency has long-lasting effects on development because it prevents 
the production of thyroid hormone.

Hormonal iodine in breast milk is found as T4, while infant formulae are devoid 
of such maternally-derived factors but contain iodide which is the inorganic form of 
iodine. Iodine deficiency has long-lasting effects on development because it prevents 
the production of thyroid hormone [12].

3.4 Cholesterol

The plasma membrane and myelin, a fatty sheath that surrounds the axons of neu-
rons in both the central and peripheral nervous systems have cholesterol as an integral 
component. Breast milk contains significant amount of cholesterol (90–150 mg/L) 
whereas formula lacks cholesterol. It permits effective transmission of nerve impulses 
and synaptogenesis, which is crucial for neurodevelopment [26].

3.5 Psychological and psychobiological effect

In addition to the obvious nutritional advantages of breastfeeding for brain 
development, the nurturing and interaction with the mother that occurs during 
breastfeeding also has a positive impact on cognitive growth [3]. Maternal–infant 
touch and contact in the neonatal period, such as skin-to-skin contact are found to 
promote interactive behaviour in terms of increased maternal touch, adaptation and 
higher infant visual alertness; and this further predicts better cognitive outcomes 
among the infants [27].

4. Breast feeding and psycho-motor development

Between birth and age 3, young children experience rapid growth, development, 
and achievement of significant milestones, laying the groundwork for future develop-
ment. Physical development is one aspect of newborn and toddler development. It 
relates to the growth, change, and development of the body, including the expansion 
of the muscles and the senses. The psychomotor domain pertains to physical bodily 
changes and involves motor skill use, coordination, and movement. It happens in a 
comparatively steady, predicable order. Changes in bone thickness, vision, hearing 
and muscle are all included [28]. The development of the body’s size and weight is 
also a part of physical growth. Appropriate nutrition, which includes a balance of the 
right foods and enough water to drink, is essential for both growth and development. 
The developing brain and nervous system, growing bones and muscles, exercise, and 
physical activity help to increase control and coordination. Motor development refers 
to changes in children’s ability to control their body’s movements, from infants’ first 
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spontaneous waving and kicking movements to the adaptive control of reaching, 
locomotion and complex sport skills [29]. All bodily movements, including eye move-
ments (as in the gaze) and an infant’s developing control over their head, are referred 
to as motor behaviour. Large limbs or the entire body can be moved in gross motor 
actions, such as when walking. The use of fingers to grasp and manipulate objects is 
a fine motor behaviour. Exploratory behaviour includes motor actions like reaching, 
touching, and grasping [30].

The intrinsic qualities of the child and the mother’s skill in child care form a 
complex interaction that affects the child’s growth and nutritional outcomes. The 
most recent estimates of the global burden of malnutrition in children under five are 
that 178 million (one-third of all children) are stunted, 112 million are underweight, 
55 million are wasted (19 million having severe acute malnutrition) and 13 million 
children are born each year with intrauterine growth retardation. Together they 
account for 21% of all under-5 deaths [11].

Studies have consistently shown a positive relationship between breastfeeding 
and motor development. Vestergaard et al. observed a positive relationship between 
breastfeeding duration and an earlier ability to crawl and perform the “pincer grip” 
and babies who were exclusively breastfed for six months were significantly more 
likely to be walking by one year compared with those who were exclusively breastfed 
for four months (60 vs. 39%) [31]. children breastfed for only 3 months show lower 
psychometric scores compared to the ones with 6 or more months of breastfeeding. A 
significant association between early initiation of breastfeeding, EBF and long dura-
tion of breast feeding is found to reduce the risk of underweight and have progres-
sively more odds to high levels of psychomotor development when compared to those 
not breast fed successfully. The most affected psychometric domains by shortness of 
breastfeeding are communication and gross motor skills [2, 32–34].

There is consensus about the benefits of breastfeeding for infant growth and 
health, particularly in developing countries where it may be the only means to avoid 
malnutrition and a high risk of morbidity and mortality in the first year of life.

5. Breastfeeding and obesity/overweight

Adiposity refers to state of being fat or excessive accumulation of fat (Merriam-
Webster, 2006). The Latin term adiposity means severe or morbid overweight an 
increase in overweight is linked to an increase in the risk of diseases that are linked to 
obesity. The body-mass-index is a general indicator of obesity (BMI). Adiposity and 
obesity rates have recently increased among children and adults, signalling a serious 
public health crisis in both developed and developing countries [24]. Children who 
are overweight run a high risk of continuing to be overweight as adults, putting them 
at risk for the related health issues like hypertension and coronary heart disease. 
According to a meta-analysis, breastfeeding is linked to a lower risk of being over-
weight than formula feeding [35].

Leptin, a hormone that is thought to regulate adult obesity, has a similar effect on 
infant obesity. First, individuals who were breastfed have a leptin profile that may 
support effective appetite control and less fat deposition. With regards to appetite 
regulation, According to Pérez-Escamilla et al. [36], Honduran infants changed 
the volume of milk they consumed in inverse relation to the energy density of their 
mother’s breast milk. It has also been suggested that the milk fat content (hind milk), 
which is higher than the milk at the beginning of the feeding episode (fore-milk), 



11

DOI: http://dx.doi.org/10.5772/intechopen.111867
Breastfeeding Practices and Infant Development Outcomes

indicates to the baby that the feeding episode is about to end. Babies who are fed 
formula are obviously not subject to such “physiological signalling,” as the amount 
of fat in the formula does not change during the feeding episode. This implies that in 
babies who are fed formula, it is the carer, not the child, who sets the child’s calorie 
intake. Second, during the first year of life, breastfed infants gain less weight than 
infants who are fed formula. Third, because infant formula contains more protein 
than breast milk, formula-fed babies have bloodstream insulin levels that are higher. 
This may encourage the body to store more fat. Fourth, it’s possible that breast milk 
influences how a person’s taste receptors develop, which may lead to a preference for 
lower-energy diets in later life [36, 37].

The higher human milk oligosaccharides (HMOs) diversity and evenness are asso-
ciated with lower total and percentage fat mass in infants; breastfeeding reduced the 
risk of obesity in childhood significantly [6, 35]. The risk of obesity is found higher 
among children who are not exclusively breast fed, breast fed for short duration and 
formula fed infants [8, 38, 39].

6. Breastfeeding and socio-emotional development

Social-emotional development includes the child’s experience, expression and 
management of emotions and the ability to establish positive and rewarding relation-
ships with others. It encompasses both intra- and interpersonal processes [40].

The behavioural research indicates that in the first few minutes after birth, infants 
and mothers appear ready to interact. These discoveries include the newborn infant’s 
capacity to crawl toward the breast in order to begin sucking as well as mother-infant 
thermoregulation. Encouragement of attachment through early contact, suckling, 
and rooming-in has been shown to reduce abandonment. Oxytocin plays a role in the 
biological regulation of the attachment felt between a mother and her infant [41]. 
Even though it’s well agreed that EBF encourages greater cognitive growth, nothing 
is known about how it might affect socio-emotional development [42]. Yet, research 
indicates that longer breastfeeding periods are connected to a happy bias, whereas 
shorter breastfeeding periods were linked to a fear bias, indicating that breastfeeding 
experience can influence how newborns respond to emotional cues. Additionally, 
they perform better in the areas of adaptability and communication. Breastfeeding 
has also been linked to improved maternal-infant bonding and empathy during the 
early postpartum period, as well as a greater sensitivity to infant cues [42–44].

7. Breastfeeding and infant morbidity/mortality

There is strong evidence that early, continuous breastfeeding for 23 months signif-
icantly lowers neonatal and child mortality on a global scale. According to a technical 
brief on the effect of early breastfeeding on newborn deaths, starting breastfeeding 
within the first hour of birth could prevent 20% of neonatal deaths and lower the 
risk of infection-related neonatal mortality by 45%. According to epidemiological 
data, breast feeding would save about 800,000 lives annually, if they were breastfed 
within an hour of birth, exclusively fed breast milk for the first six months of life, and 
then continued breastfeeding until age two [45]. It was also reaffirmed in The Lancet 
Nutrition Series, 2016 on how important optimal IYCF (Infant and Young Child 
Feeding) is to a child’s survival. According to estimates, optimal IYCF, particularly 
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exclusive breastfeeding, could avert 1.4 million under-five deaths annually (out of the 
approximately 10 million annual deaths) [46, 47].

It is sterile and has the least chance of being contaminated microbiologically. 
Bacteriostatic lactoferrin prevents the growth of Escherichia coli and binds iron and pre-
vents E. coli from accessing it. Lipases and peroxidases eliminate bacteria. Amoeba and 
giardia are destroyed by bile salt stimulated lipase (BSSL). PABA is crucial for malaria 
prevention and relatively low levels of PABA in human milk suppresses parasites to 
subclinical levels and provides an adequate antigenic stimulus for an immune response.

Infants are born with immature immune systems and organs that may take some 
time to develop into their ideal functioning states and breast milk is extremely safe 
and non-allergenic immunologically. Prebiotics, free fatty acids (FFA), mono glycer-
ides, oligosaccharides, antimicrobial peptides, human milk glycans, lysozyme, lacto 
peroxidase, lacto ferrin, lipoprotein lipase, and epidermal growth factors, which 
stimulate the gastrointestinal epithelium as a barrier, are all present in breast milk 
which contributes to the development and enhancement of an infant’s innate immune 
system. When compared to milk from other species, human milk is exceptional due 
to its high concentration of complex oligosaccharides. Oligosaccharides also have an 
impact on the development of the intestinal flora because they feed the beneficial 
Lactobacillus bifidus bacteria while inhibiting the growth of potentially pathogenic 
bacteria. It includes secretory elements, secretary IgA, and immunoglobulin (SIgA) 
which plays a crucial role in preventing microbial pathogen adhesion to the surface of 
the intestinal epithelium and binding their toxins thus providing the GI and respira-
tory tracts with surface protection. T and B lymphocytes, as well as anti-inflam-
matory nutrients like vitamins A, C, and E, enzymes, E prostaglandins, enzyme 
inhibitors, protease inhibitors, and growth factors, are also provided by breast milk. 
These work against rotavirus, the most common cause of diarrhoea in infants. Now, 
researchers in the United States and Mexico have discovered that complex carbohy-
drate in breast milk affords babies even more protection than the antibody specifically 
made to fight against fatal diseases like diarrhoea, viral infections and other diseases 
[48, 49]. Thus, we can say infant’s first immunisation is mother’s milk as these anti-
microbial, anti-inflammatory, and immunologic-stimulating substances guard the 
infant against diarrhoea and other infectious diseases like food allergies, respiratory 
(asthma), urinary, otitis media, botulism, necrotizing enterocolitis, bacterial menin-
gitis, and bacteremia. Additionally, there is proof that breastfeeding guards against 
less common diseases like Urinary tract infection, sudden infant death syndrome, 
celiac disease, Crohn’s disease, ulcerative colitis, Type I diabetes, and childhood 
lymphoma [50–52]. Due to the low pH of the bowels, breastfed babies experience 
fewer diaper rashes. As babies who are breastfed for longer periods of time accept 
different tastes more readily than those who are not, it may also prevent picky eating 
syndrome, which may develop later in life [11, 53, 54].

8. Conclusion

Breastfeeding is considered as best start for an infant’s survival, health, and 
development due to its nutritional, immunological, and psychological advantages. 
To achieve the best possible growth, development, and health, the World Health 
Organisation advocates mothers to initiate breast feeding within one hour of birth, 
feed colostrum, exclusively breastfeed their infants for the first six months of their 
lives, then continue to do so while supplementing with the right foods until they are 
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two years old or older. Improvements in breastfeeding rates are critical to the attain-
ment of the sustainable development goals, especially to reduce the child morbidity, 
mortality and improving maternal health. Both the constituents of breast milk and 
the act of breastfeeding have been implicated in the process playing a major role 
on infant developmental milestones/outcomes. It provides optimum fluidity and 
warmth; and is very economical and convenient. Breast milk has high lactose content 
and is the sweetest milk. The protein is simple to digest. Long chain polyunsaturated 
fats (LCP), phospholipids, and precursors to prostaglandins are all abundant and 
provides enzymes like amylase, lipoprotein lipase, bile salt stimulated lipases (BSSL), 
oxidases, lactoperoxidases, leucocyte myeloperoxidases, etc. A significant association 
was found between exclusive breastfeeding and long duration of breast on infant 
developmental outcomes viz. cognition, language, psycho motor and socio-emotional 
development. The mechanism/s underlying these effects are likely to be linked to the 
high nutritional sensitivity of physical, motor and brain development in the critical 
early period of life. The higher human milk oligosaccharides (HMOs) diversity in 
breast milk are associated with lower percentage fat mass in infants and reduces the 
risk of obesity in childhood significantly. Prebiotics, free fatty acids (FFA), mono 
glycerides, oligosaccharides, antimicrobial peptides, human milk lysozyme, lacto 
peroxidase, lacto ferrin, lipoprotein lipase, and epidermal growth in breast milk 
enhances infant’s innate immune system thus reduces the risk of infant mortality and 
morbidity due to malnutrition.

Hence, adequate breastfeeding counselling and support are essential for mothers 
and families to initiate and maintain optimal breastfeeding practices. Training of 
health workers and volunteers should focus on counselling rather than just giving 
messages. Also, there is a need to regulate commercial brands of prelacteal feeds like 
herbal syrups, gripe water, etc., that display the advice that they can be given from 
birth. It is vital to establish breast milk bank to feed the babies whose mothers are ill 
or in distress and who have lost mothers.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Exclusive Breastfeeding
Imtihanatun Najahah

Abstract

For infants, breast milk is the best food. It is clean and safe, and has antibodies that 
protect against a variety of common childhood diseases. Breast milk meets all of an 
infant’s nutrient and energy needs during the first few months of life, and it continues 
to meet up to one third and up to half of a child’s nutritional requirements during the 
second half of the first year. Breast milk, here in after abbreviated as breastfeeding, is 
the liquid produced by the secretion of the mother’s breast glands. Exclusive breast-
feeding, is breast milk given to babies from birth for 6 (six) months, without adding 
and/or replacing it with other food or drinks. Exclusive breastfeeding is that babies 
are only given breast milk, without additional liquids such as formula milk, orange 
juice, honey, tea, water and without additional solid foods such as bananas, papaya, 
milk porridge, biscuits, rice porridge and team, for 6 months. There are many factors 
to get success exclusive breastfeeding.

Keywords: infant, exclusive breastfeeding, support, benefit, success

1. Introduction

For infants, breast milk is the best food. It is clean and safe, and has antibodies that 
protect against a variety of common childhood diseases. Breast milk meets all of an 
infant’s nutrient and energy needs during the first few months of life, and it continues 
to meet up to one third and up to half of a child’s nutritional requirements during the 
second half of the first year [1]. In 1990, WHO-UNICEF made a declaration known as 
the Innocenti Declaration. The declaration, which was born in Innocenti, Italy, aims 
to protect, promote, and provide support for breastfeeding. In this declaration which 
was also signed by Indonesia, it was explained that in order to optimally improve the 
health and quality of baby food, all mothers are advised to give exclusive breastfeed-
ing from birth to 4 months of age. After the age of 4 months, babies begin to be given 
complementary foods/solids that are correct and appropriate, while breastfeeding is 
continued until the age of 2 years or more. In 1999, evidence was found that feeding 
too early has a negative effect on infants. Since then, UNICEF has provided clarifica-
tion regarding the recommended period for exclusive breastfeeding. UNICEF’s latest 
recommendation with the World Health Assembly (WHA) and many other countries 
is to set a period of exclusive breastfeeding for 6 months [2].

Breastfeeding, is the liquid produced by the secretion of the mother’s breast 
glands. Exclusive breastfeeding, is breast milk given to babies from birth for 6 (six) 
months, without adding and/or replacing it with other food or drinks. Exclusive 
breastfeeding is that babies are only given breast milk, without additional liquids 
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such as formula milk, orange juice, honey, tea, water and without additional solid 
foods such as bananas, papaya, milk porridge, biscuits, rice porridge and team, for 
6 months [3].

Exclusive breastfeeding is beneficial for both mother and baby. Exclusive breast-
feeding for 6 months is the optimal method of infant feeding. Breastfeeding provides 
the baby with nutrients for growth and development, and boosting the immune 
system. There is some evidence to prove that exclusive breastfeeding for 6 months 
provides protection against gastrointestinal infections and iron deficiency anemia. 
Exclusive breastfeeding also makes women amenorrhea for 6 months postpartum and 
helps them avoid unplanned pregnancies that end in abortion. In addition, research 
evidence shows that breastfeeding improves sensory and cognitive development while 
protecting babies against chronic illnesses and respiratory infections (common cold, 
cough, or pneumonia). Exclusive breastfeeding arrangements aim to

a. ensure the fulfillment of the baby’s right to receive exclusive breastfeeding 
from birth to the age of 6 (six) months by taking into account their growth and 
development,

b. provide protection to mothers in giving exclusive breastfeeding to their babies 
and increasing the role and support of the family, community, local government, 
and the government for exclusive breastfeeding [4].

2. Exclusive breastfeeding

2.1 The composition of breast milk

The composition of breast milk consists of colostrum, foremilk, and hindmilk. 
From the beginning to the end of a feed, the composition of breast milk varies 
depending on the baby’s age. It may also differ at various times of the day and 
between feeds. The thick, yellowish, or clear milk that women produce in the first 
few days after giving birth is called colostrum. The special properties of colostrum 
are antibody-rich, many white cells, purgative, growth factors, and vitamin A rich so 
why it is important because it protects against infection and allergy, protects against 
infection, clears meconium, helps to prevent jaundice, helps intestine to mature, 
prevents allergy, intolerance, reduces severity of infection, and prevents eye disease. 
Therefore, it is critical for infants to consume colostrum during their initial feedings. 
When a baby is born, the colostrum is ready in the breasts. Before the mature milk 
arrives, it is all the majority of babies require. Drinks and foods should not be given 
to babies before they start breastfeeding. Particularly risky are artificial feeds given 
before a baby has colostrum [5].

The milk that is produced after a few days is called mature milk. The breasts feel 
full, hard, and heavy because there is more milk. Some refer to this as the “coming 
in” of milk. The bluish milk that is produced early in a feed is called foremilk. The 
whiter milk that is produced later in a feed is known as hindmilk. Colostrum has 
more protein than later milk, and hindmilk has more fat than foremilk. There are two 
distinct types of breast milk. Hindmilk appears whiter because it contains more fat. 
Because this fat provides much of the energy needed to breastfeed, it is important not 
to take a baby off the breast before he has had everything he needs. Larger quantities 
of foremilk are produced, and they contain a lot of protein, lactose, water, and other 
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nutrients. Mothers sometimes worry that their milk is “too thin” because it looks 
watery. Milk never appears “too thin.” For a baby to have a complete “meal,” they must 
have both foremilk and hindmilk. The transition from “fore” milk to “hind” milk is 
gradual. From the beginning to the end of a feed, the fat content gradually rises [5].

2.2 How the breast works

The small amount of milk that accumulates between feedings is extracted from 
the milk ducts under the alveoli when the baby latches onto the breast. Two hormones 
are released as a result of this suckling: oxytocin and prolactin. Oxytocin causes the 
alveoli, the cells that produce milk, to squeeze the milk out of the ducts and toward 
the nipple, while prolactin instructs the alveoli to produce more milk.

The system of breastfeeding is based on the law of supply and demand. The 
quantity of milk produced is determined by the amount of milk taken from the 
breast. Milk production takes place both between and during feedings. The quantity 
of milk produced will be influenced by the baby’s breastfeeding frequency, duration, 
and quality. The breast produces foremilk at the beginning of a feeding. This has more 
fluid and lactose. The baby gets more fat and calories from the hind milk it gets later 
in the feeding process. To ensure that the baby receives the hind milk required to feel 
satisfied and gain sufficient weight, it is essential to allow the baby to finish the first 
side completely. Learning to breastfeed is a skill that may require some time [5].

2.3 Exclusive breastfeeding

Kramer & Kakuma (2004) repeated evidence of the effect of exclusive breastfeed-
ing on the health and growth of infants, revealing that infants who were exclusively 
breastfed for up to six months showed a lower morbidity rate of digestive diseases and 
allergies. Provision of breast milk (breastfeeding) for premature babies greatly affects 
the level of their intelligence as adults, It’s conclusion of the experiment for 16 years 
there were 424 babies conducted by Prof. Alan Lucas and colleagues at the Institute 
for Child Care at Great Ormond Street Hospital, London. This research shows that 
food management immediately after birth has a similar effect on all babies, not just 
premature babies. In 1982 when research began, hospitals generally gave standard 
infant formula to premature babies. Since the late 1980s, most UK hospitals have 
switched from standard infant formula to formula fortified with breast milk [6].

In developing countries, WHO recommends exclusive breastfeeding until the age 
of 4–6 months and continued breastfeeding accompanied by adequate and complete 
food intake until the baby is 2 years old, even though the baby has growth delays [7]. 
Gibney et al. 2009 wrote that obstacles hindering the success of breastfeeding are 
the many unwarranted beliefs and attitudes toward the meaning of breastfeeding, 
which makes mothers not practice exclusive breastfeeding for their babies in the first 
6 months period. The World Health Organization (WHO) and the United Nations 
Children’s Fund (UNICEF) both recommend that infants begin breastfeeding within 
the first hour of their birth and consume only breast milk for the first six months of 
their lives—no other foods or liquids, including water, are provided. Infants should be 
breastfed whenever they want to, throughout the day and night. Pacifiers, teats, and 
bottles should not be used. Children should begin eating safe and adequate comple-
mentary foods at the age of six months, and they should continue to breastfeed for 
up to two years and beyond. Common reasons why they do not exclusively breastfeed 
include the following:
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a. An unfounded fear that the milk they produce is not enough and/or of poor 
quality

b. Delay in starting breastfeeding and the practice of throwing away colostrum

c. Incorrect breastfeeding technique

d. The mistaken belief that their baby is thirsty and needs extra fluids

e. Lack of support from health services

f. Marketing of breast milk substitute formula [8].

Exclusive breastfeeding can prevent nutritional problems in infants, from several 
research results showing that there is an effect of exclusive breastfeeding on the 
incidence of stunting as in a study conducted in Siaya which is the western part of 
Kenya with a cross-sectional study design. The results showed that 47% of toddlers 
there were stunted, the highest age group experiencing stunting is at the age of 13–24 
months and 60% of toddlers experience stunting at the age of 2 years of life. It’s 
showed during the 3 months of life 67% of babies who suckle within 10 times a day. 
From the results of the study, it was also found that infants who breastfed less than 10 
times in 24 hours were 48.1% of stunted toddlers [9].

Research Yovita Ananta et al. 2016 found significantly more babies in the formula-
fed group had abnormal head circumferences than in the group that were exclusively 
breastfed. A previous study also found that babies who were exclusively breastfed had 
greater head circumference values   for age compared to those who were fed formula 
or mixtures. WHO and UNICEF recommend exclusive breastfeeding until the baby 
is 6 months old. Despite the many benefits of breastfeeding, the rate of exclusive 
breastfeeding at 6 months remains unsatisfactory. The results of a study by Yovita 
Ananta et al. in 2016 are as follows: The rate of exclusive breastfeeding varied from 
10.5% in East Java to 66.9% in Jambi Province, with a total rate of 46.3%. In developed 
countries, exclusive breastfeeding at 6 months is found to be low: 16.3% in the United 
States, 13.8% in Canada, 13.4% in Hong Kong, 10.1% in Sweden, and 11 and 7% in 
Norway. In developing countries, the numbers are more favorable. As many as 49% 
of mothers breastfeed exclusively in Ethiopia, 13 and 46.4% in India, 14 and 27.7% in 
Iran. A study conducted in Peninsular Malaysia reported a rate of 14.5% [10].

The duration of exclusive breastfeeding continues monthly from 1 month to 
6 months. Research in Sri Lanka found that the prevalence of exclusive breastfeeding 
for up to 6 months was 50.8% and up to 5 months or more was 81.3%. The average 
duration of exclusive breastfeeding is 6 months. The main reason for stopping early 
exclusive breastfeeding is that mothers think that breast milk alone is not enough 
for babies (52.9%). Items given to infants before 6 months were water (91.4%), fruit 
juice (83.9%), mashed rice (71.3%), and infant formula (16.1%). The majority of 
mothers (98.9%) know that the current recommendation for exclusive breastfeeding 
is 6 months. Only 27.7% of mothers could correctly define the term “exclusive breast-
feeding.” The majority of mothers (92.4%) know that babies should be breastfed while 
traveling, while 62.4% believe that formula feeding is an option. The percentage of 
mothers who know breast milk can be expressed and stored as 68.4%. 65.3% mother 
have information about breast milk can be stored at room temperature, while 48% and 
12.1% know can be stored in refrigerator and freezer compartments. Meanwhile, 12.1% 
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of mothers said they were advised by health workers to start breastfeeding other than 
breast milk during the first 6 months. Of these mothers, 28 were advised by a doctor. 
Only 29 mothers (8.2%) started formula feeding in the first 6 months. The majority of 
babies (94.6%) were breastfed within 1 hour after delivery. Of them 77.7% of mothers 
believed that their baby was not allowed to finish the first breastfeeding, and 50.6% of 
mothers were advised by family members to stop exclusive breastfeeding early. Most 
commonly the family members referred to were their mother-in-law (55.9%) or their 
mother (44.7%), while 29.1% said their husband influenced them negatively. The 
majority of mothers (81.1%) have good family support. Some mothers feel that their 
family members have an encouraging attitude toward breastfeeding [11].

The prevalence of exclusive breastfeeding in Afar Ethiopia under 6 months is 55%. 
Infants whose mothers live in urban areas have knowledge about breastfeeding, are 
provided at health facilities, and are more likely to breastfeed exclusively than the 
referral group. In addition, mothers have a poor understanding of exclusive breast-
feeding. Traditional beliefs, myths, and misconceptions about exclusive breastfeeding 
and lack of support from husbands and families were found to be barriers to proper 
exclusive breastfeeding practices [12].

The family plays a role in exclusive breastfeeding by supporting the mother in 
exclusive breastfeeding, supporting the mother to fulfill her nutrition by consuming 
nutritious foods, ensuring that the mother gets enough rest and creating a calm and 
peaceful home atmosphere.

2.4 Factors affecting exclusive breastfeeding

Breastfeeding is something natural but requires learning to be able to apply it. To 
be able to realize the success of breastfeeding requires strong support in achieving its 
sustainability. Among them, namely by improving the services provided to mothers by 
helping to increase the initiation of exclusive breastfeeding, consistent education and 
full support from the health system can help maintain the success of exclusive breast-
feeding [13]. The International Confederation of Midwives provides support for exclu-
sive breastfeeding in the form of collaborating with international organizations and 
government agencies engaged in the promotion and support of breastfeeding, ensuring 
scientific programs at international congresses to present breastfeeding including the 
development of HIV/AIDS, using communication media with midwives related to 
maintaining information on breastfeeding development and breastfeeding period, and 
ensuring documents related to care for mothers and their babies, which is part of the 
role of midwives in maintaining, supporting, and promoting breastfeeding [14].

There are ten (10) steps in successful breastfeeding, namely (1) having a policy 
from the hospital including the hospital providing support to mothers for breastfeed-
ing by not promoting formula milk and using bottles and pacifiers, establishing stan-
dards of breastfeeding care practices, maintaining activities breastfeeding support, 
(2) having competent officers, including conducting training for officers in providing 
support to mothers for breastfeeding, evaluating the knowledge and skills of health 
workers, (3) providing pregnancy services that include discussing the importance of 
breastfeeding for mothers and babies, preparing mothers how to prepare food for the 
baby, (4) accuracy in providing maternal services after delivery includes encourag-
ing the mother to immediately make skin contact between the mother and her baby 
after giving birth, helping the mother place the baby for continuous breastfeeding, 
(5) providing support to the mother for breastfeeding, including checking position, 
attachment and reflexes for sucking babies, providing breastfeeding support practices 
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to mothers, helping mothers overcome problems that commonly occur in breastfeed-
ing mothers, (6) giving supplements, including giving only milk, unless there is a 
medical/medication reason, and prioritizing giving milk assistance if needed, help 
the mother keep her safe if she wants formula food, (7) carry out in-patient care, 
including allowing the mother and baby to stay together for a day and a night, ensur-
ing that the mother can stay with the baby even though she is sick, (8) caring about 
feeding, including helping mothers know when their babies are hungry, not limiting 
breastfeeding time, (9) bottles, pacifiers, and baby pacifiers, including explaining to 
mothers the use and risks of feeding using bottles, pacifiers, and baby pacifiers, and 
(10) exemption, including appointing mothers as a source of support for breastfeed-
ing in the community, working with the community in improving breastfeeding 
support services [15].

Recommendations for increasing the practice of exclusive breastfeeding are 
increasing the habit of health professionals conducting breastfeeding counseling 
through training, involving husbands during counseling, and educating mothers 
and society as a whole to avoid traditional practices that hinder exclusive breast-
feeding for up to 6 months [16]. From the results of other studies, it was found that 
the factors that influence the success of breastfeeding for up to 6 (six) months or 
exclusive breastfeeding at Cipto Mangkunkusumo Hospital are the mother’s sense 
of confidence in milk production and the support of the family [17]. Educating 
mothers and society as a whole avoid traditional practices that hinder exclusive 
breastfeeding for up to 6 months [16]. From the results of other studies, it was found 
that the factors that influence the success of breastfeeding for up to 6 (six) months 
or exclusive breastfeeding at Cipto Mangkunkusumo Hospital are the mother’s sense 
of confidence in milk production and the support of the family [17]. Several factors 
influence the practice of exclusive breastfeeding for 6 months, including the mother’s 
knowledge about breastfeeding, family support, and health care providers who 
educate mothers about breastfeeding. A study reported that antenatal education can 
increase the practice of exclusive breastfeeding for 6 months with RR 2.16 (95% CI 
1.05 to 4.43), while postnatal education can improve practice with RR 2.12 (95% CI 1, 
03 to 4.37) [10].

2.5 Benefit of exclusive breastfeeding

Exclusive breastfeeding is beneficial for both mother and baby. Breastfeeding 
provides the baby with nutrients for growth, development, and boosting the immune 
system. There is some evidence to prove that exclusive breastfeeding for 6 months 
provides protection against gastrointestinal infections and iron deficiency anemia. 
Exclusive breastfeeding also makes women amenorrhea for 6 months postpartum and 
helps them avoid unplanned pregnancies that end in abortion. In addition, research 
evidence shows that breastfeeding improves sensory and cognitive development while 
protecting babies against chronic illnesses and respiratory infections (common cold, 
cough, or pneumonia) [3].

Benefits of breast milk for the infant are as follows:

• A lower rate of cot death, also known as sudden infant death syndrome

• A lower risk of ear infections, diabetes, and cancer in children.

• A quicker ability to fight disease and a better response to vaccinations
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• A decrease in the number of orthodontic and dental issues (no bottle-related 
tooth decay).

• Improved psychomotor, emotional, and social growth.

• Benefits to mothers’ health:

• Oxytocin, which is released during breastfeeding, helps to contract the uterus 
and reduce postpartum bleeding. Because of this, breastfeeding should begin 
immediately following birth and be continued frequently.

• Women who are nursing save energy; Even if they eat little, they can still make 
milk.

• The risk of ovarian and breast cancer is lower.

• Breastfeeding frequently helps prevent a second pregnancy and delays the return 
of menstruation. This helps children save space and iron stores.

• Breastfeeding as a means of delaying a new pregnancy. Breastfeeding can 
delay the return of ovulation and menstruation, making it an effective method 
for separating pregnancies. If the mother breastfeeds in the following man-
ner, breastfeeding can provide effective protection against a subsequent 
pregnancy.

• She should breastfeed exclusively and frequently, night and day, whenever the 
baby desires it.

• She should breastfeed at least eight to ten times in a 24-hour period, with no 
break of more than 6 hours between feedings.

Breastfeeding is less effective for family planning when a baby is older than 
6 months. Since a baby this age needs more than one food, breastfeeding can no 
longer be the only option. However, if the mother breastfeeds frequently, breast-
feeding still provides some protection against a subsequent pregnancy. Every time 
she gives the baby complementary foods, she should breastfeed it. A mother who 
is unable to use any other method of family planning may benefit from this partial 
protection.

• A child’s protection decreases after 1 year. Before breastfeeding, the child must 
now consume food to ensure adequate nutrition. However, if menstruation has 
not returned, frequent breastfeeding may still provide some protection.

• The woman becomes fertile once more when her periods return. Even if her baby 
is still under 6 months old, breastfeeding will not protect her. She requires a new 
method of family planning.

Menstruation returns prior to conception in the majority of women. Therefore, 
a woman’s menstrual cycle is the primary indication that she is fertile once more. 
However, a small number of women ovulate and are able to conceive before 
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returning to menstruation. When the baby is older than six months, this is more 
likely to occur.

• Breastfeed immediately after birth, within half an hour to one hour.

• Breastfeed whenever needed, eight to twelve times per day.

• One feeding lasts as long as you want.

• From the time a baby is 0 to about 6 months old, only breastfeed.

• Complementary foods can be started around the age of six months (the exact age 
varies).

• Beginning at 6 months of age, offer complementary foods to all children.

• Breastfeed until the child is two years old or older.

Calm your newborn by holding him or her against your skin right after birth. It 
will also keep baby warm and steady his or her breathing. Because baby will be awake 
and eager to eat within a few hours of birth, this is a great time to start breastfeeding 
first. Mother can get help with this from a midwife. Baby will be happier if mother 
feeds him whenever he is hungry and keeps him close to mother. During the first two 
days of life, a newborn may want to breastfeed frequently. She gets many small doses 
of colostrum from her frequent feedings, which helps her body remember to produce 
plenty of milk. Early breastfeeding is its name. Early breastfeeding involves placing 
the baby on their chest, smelling milk or breast milk, making eye contact with the 
mother, and the baby crawling up to feed [1].

2.6 What a health professional can do

Support the woman so that she does not need as many interventions during labor 
and delivery.

• Persuade the woman to try painkillers that would not stop her from breastfeed-
ing. Medication that will eventually pass on to the baby transplacentally and have 
a sedative effect should be avoided whenever possible.

• From the moment the baby is born until the time the baby has finished eating, let 
the baby stay skin to skin with the mother.

• Allow mother and child to communicate at their own pace. Only provide assis-
tance when you believe it is absolutely necessary or when the mother requests it. 
After the birth, postpone any routine procedures that can wait until the mother 
and baby are ready, which should be at least one to two hours. The baby’s mea-
surement and dressing are two examples.

• Only when absolutely necessary should mother and child be separated. Typically, 
the baby can be observed briefly while remaining close to its mother. The process 
can be disrupted by even a brief separation prior to the first feed.
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• If the mother is unconscious or exhausted, assist the searching baby in receiving 
the first feed at the breast without the mother exerting any effort.

• During the first few days after delivery, encourage and assist the mother to have 
as much skin-to-skin contact as possible with her baby. It is possible to “re-enact” 
their interaction in the first few days or even weeks after birth at any time if it 
was disrupted for any reason.

• When the baby is learning to breastfeed, discourage the use of pacifiers and bottles 
during the initial stages of lactation. Some babies develop a preference for feeding 
with an artificial teat, which can make them less enthusiastic about breastfeeding.

• When the baby shows that it is ready, let it start eating [1].

3. Conclusion

The infants begin breastfeeding within the first hour of their birth and consume 
only breast milk for the first 6 months of their lives and no other foods or liquids, 
including water, are provided. Infants should be breastfed whenever they want 
to, throughout the day and night. Pacifiers, teats, and bottles should not be used. 
Exclusive breastfeeding is a form of mother’s behavior in giving exclusive breastfeed-
ing to her baby. The success of exclusive breastfeeding is influenced by many factors, 
both internal and external factors.
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Chapter 3

Breast Milk and Metabolic 
Programming: Short-Term and 
Long-Term Health Benefits
Carolina Roldão

Abstract

Nutrition plays a major role in the development of health and disease later in 
adulthood. Breastfeeding is considered a cornerstone of healthy infant nutrition. It 
provides energy and nutrients that will help preventing both undernutrition, over-
weight and obesity. The Developmental Origins of Health and Disease (DOHaD) 
theory suggests that breast milk may play a role in modulating epigenetic factors such 
as DNA methylation from early stages of the life cycle. Exclusively breastfeeding 
infants presented lower blood pressure and serum cholesterol in adult life and lower 
risk of obesity and metabolic disorders, such as diabetes, hypertension or cardiovas-
cular disease. It is believed that these effects are associated with the nutritional differ-
ences between breast milk and infant formula, such as lower protein content and the 
presence of bioactive components in breast milk. Epigenetic mechanisms may be the 
cause for the so claimed protective effect of breast milk in relation to the development 
of many diseases.

Keywords: breast milk, breastfeeding, metabolic programming, epigenetic mechanism, 
DOHaD, bioactive compounds, macronutrients, infant formulas

1. Introduction

Breastfeeding is considered one of the keys elements in the promotion and 
protection of the health of infants worldwide. The European Society for Pediatric 
Gastroenterology, Hepatology and Nutrition (ESPGHAN) Committee on Nutrition 
described breastfeeding as the natural and advisable way of supporting the healthy 
growth and development of young children [1].

The World Health Organization (WHO) promotes the adoption of counseling 
guidelines to extend breastfeeding periods, suggesting that breastfeeding should 
begin within the first hour after birth, be exclusive for the first 6 months without 
any other liquids or solids, including water. After 6 months, breast milk alone is not 
sufficient and should be combined with appropriate complementary foods that are 
safe and adequate [2–6].
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Breastfeeding is an essential aspect of healthy infant nutrition and growth, as it 
continues to supply energy and nutrients that help prevent undernutrition, over-
weight, and obesity [7–10].

The prevalence of breastfeeding has undergone changes over time, reaching 
its lowest point after World War II due to social and technological shifts affecting 
women’s roles, income, education, and the widespread use and aggressive marketing 
of breast milk substitutes [8, 9]. However, starting in the 1970s, there was a resur-
gence of breastfeeding, particularly among employed women [8].

In response to the Innocenti Declaration, the World Health Organization (WHO) 
and UNICEF launched the Baby Friendly Hospital Initiative in 1992 [10, 11]. The 
program’s objective is to protect, support, and promote breastfeeding in health facili-
ties such as obstetrics, neonatology, and pediatrics services [11]. The aim is to provide 
new mothers and their infants with the information and confidence needed to initiate 
and continue breastfeeding. A baby-friendly facility complies with the International 
Code of Marketing of Breastmilk Substitutes by endorsing, supporting, and promot-
ing breastfeeding while ensuring appropriate use of breast milk substitutes when 
necessary [11].

The European Region has the lowest breastfeeding rates, with only 14% of 
women breastfeeding their babies for up to 6 months according to data published 
in 2015. This highlights the importance of initiating breastfeeding within the first 
hour after birth to improve breastfeeding rates. Campaigns like the Baby Friendly 
Hospital Initiative should be encouraged [12]. Returning to the workplace can be a 
barrier to exclusive and continued breastfeeding. Maternity leave has been linked 
to better maternal and child health outcomes, with 40 of the world’s 41 wealthiest 
countries offering paid maternity leave. However, the United States is the only coun-
try that does not provide paid maternity leave to employed mothers. The benefits 
of breastfeeding for both the infant and mother are well-documented and include 
a lower risk of respiratory infections, asthma, diarrhea, food allergies, diabetes, 
improved cognitive development, and a reduced risk of metabolic disease in adult-
hood [2, 13, 14].

The Developmental Origins of Health and Disease (DOHaD) theory suggests that 
breast milk may play a role in epigenetic regulation such as DNA methylation from 
early stages of life. Changes to the epigenome can lead to long-term development of 
metabolic disorders, linking external factors like nutrition and environment to the 
long-term health outcomes of early life phases [2, 15–17].

2. Metabolic programming

2.1 Epigenetic mechanism

The “first thousand days of life” from conception to age 2 has been the focus of 
attention for researchers worldwide. This period is considered critical for wellbeing 
and brain development, as the greatest amount of human growth occurs during this 
time when cells in the body are being formed and programmed. Studies have shown 
that insults during the crucial periods of pregnancy and lactation, such as malnutri-
tion, stress, and air pollution exposure, increase the risk of chronic noncommunicable 
diseases (NCDs) such as obesity, cardiovascular disease, and diabetes throughout life. 
This leads to metabolic programming, developmental plasticity, and the concept of 
Developmental Origins of Health and Disease (DOHaD) [2].
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The environment has a profound impact on organisms, as per the principle of 
modern biology. Darwin’s Theory of Evolution suggests that through natural selec-
tion, the best DNA alleles are preserved across generations due to genetic variations 
caused by mutations in the DNA sequence. Currently, it is understood that the 
environment shapes the organism through epigenetic processes, which do not involve 
changes in the DNA sequence [18]. The idea of metabolic programming, which 
involves the impact of prenatal and postnatal metabolic events on adult health, has 
been established for about 40 years. This theory suggests that these events leave a 
“mark” in the body (or DNA) and result in cellular memory [9–11, 14, 19]. These 
physiological adaptations are possible due to the plasticity of cells, which is temporary 
in embryonic and fetal stages but persistent in cells like the immune system [20].

Epigenetics result in marks that play a significant role in shaping the risk of 
metabolic and non-communicable disorders. The DOHaD theory explains the con-
nection between the nutritional and environmental conditions of pregnancy and 
early childhood, and the development of health and diseases [15–18]. NCDs usually 
appear in adulthood, due to the decreasing flexibility of cells and tissues over time. 
The likelihood of NCDs can be influenced by the body composition and diet of the 
mother before and during pregnancy, as well as the nutrition of the fetus and infant. 
Thus, early-life interventions have the potential to reduce later disease risk and affect 
future generations, while later interventions are expected to have only a minimal 
impact [16].

The concept of epigenetics refers to modifications that are passed down and affect 
gene expression, without altering the DNA sequence. These changes in the epigenome 
are achieved through three processes: DNA methylation, histone modifications, and 
noncoding RNA expression [2]. During DNA methylation, methyltransferases bind 
methyl groups to DNA at cytosine sites (CpG islands) during replication or de novo 
methylation. Methylation in promoter regions of DNA often results in inactive chro-
matin and silences gene transcription, impacting the expression of key genes for cell 
stability. Methylation of CpG dinucleotides at the 5′ promoter regions of genes results 
in stable silencing of transcription. Methylation patterns are established primarily 
during embryonic development or early postnatal life [2, 7, 20, 21].

The methylation of CpG dinucleotides results in the inactivation of gene tran-
scription by RNA polymerase by making chromatin inaccessible for transcription. 
This affects the expression of genes crucial for maintaining cell homeostasis [2, 7]. 
The second mechanism is the modification of histones, which are proteins that help 
organize DNA by packaging it into nucleosomes. They negatively impact gene tran-
scription by physically obstructing access and blocking the binding of transcription 
factors, making chromatin less accessible [2]. Histones regulate gene expression by 
controlling the access of transcription factors (TFs) to the DNA sequence, thereby 
altering the rate of transcription to messenger RNA (mRNA) [22].

The modification of histones in the amino-terminal region of the histone tails 
includes processes like acetylation, methylation, sumoylation, phosphorylation and 
ubiquitination. Acetylation is the most widely recognized modification, carried 
out by enzymes known as acetyltransferases (HATs) and deacetylases (HDACs). 
The acetylation of histones leads to the opening of chromatin, thereby enabling the 
transcription machinery to access the DNA [2].

In contrast, when chromatin is inactive, histone deacetylation reduces the attach-
ment of transcription factors, hindering gene expression [22]. MicroRNAs (miRs), a 
type of small noncoding RNA, play a role in posttranscriptional regulation by either 
breaking down mRNA or blocking its translation into protein. These three epigenetic 
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changes, DNA methylation, histone modification and microRNA regulation, shape 
the expression of multiple genes and drive metabolic programming [2].

3. The impact of breast milk components on metabolic programming

Breastfeeding is recognized to have significant short-term health benefits, and 
evidence is growing for its long-term consequences [17]. The first 6 months of life is a 
crucial period for the development of adiposity [23]. The composition of the nutri-
tional environment during this time can contribute to the risk of certain diseases in 
adulthood, often through epigenetic changes. There is evidence to suggest that certain 
components of breast milk may directly impact epigenetic modifications [24, 25].

The composition of breast milk includes both macronutrients and micronu-
trients, and it changes regularly based on various factors such as the health of the 
mother and baby, maternal diet, environment, and genetics. These changes ensure 
that breast milk can adapt to the changing nutritional requirements of the growing 
infant [26, 27].

Moreover, breast milk has a distinct advantage in that it provides newborns with 
the necessary macronutrients and micronutrients through factors such as enzymes, 
immune components, and adipokines. Leptin, ghrelin, adiponectin, resistin, and 
obestatin are some of the most well-known adipokines. Adiponectin and leptin, in 
particular, are potent and widely studied appetite regulators that are linked to obesity. 
Research has demonstrated that the leptin present in breast milk helps control appe-
tite and manage calorie intake. This finding has sparked further investigation into the 
impact of leptin on neonatal development, which was previously an under-researched 
area [28–31].

Over the years, numerous studies have explored the connections between 
breastfeeding and the regulation of infant appetite, as well as its correlation with a 
decreased risk of obesity and other chronic non-communicable diseases (NCDs). 
These relationships are due to the synergistic effects of various milk components, 
maternal characteristics, and breastfeeding patterns [32].

3.1 The role of leptin in the appetite regulation

Leptin, a bioactive compound found in breast milk, has a key impact on metabolic 
programming. It is generated by white adipose tissue based on the body’s fat content, 
and it moves from adipose tissue into the bloodstream, where it binds to receptors in 
the hypothalamus and crosses the blood-brain barrier. Upon binding to the receptors, 
leptin influences the release of appetite-suppressing peptides, resulting in lower food 
intake and increased energy expenditure. With higher levels of leptin, energy expen-
diture is boosted through reduced food intake and increased heat production, while 
lower levels of leptin boost the growth of fat cells [30].

As a result, the amount of leptin in breast milk varies among infants, as it is 
dependent on the maternal adiposity and BMI (Body Mass Index). Mothers with low 
fat levels and low plasma concentrations of leptin produce milk with a low amount of 
leptin, resembling infant formulas (IFs), while obese mothers provide higher doses of 
leptin [25, 30].

Recently, it was discovered that leptin is produced not only by white adipose tissue, 
but also by the placenta and breast epithelium and secreted into breast milk [25, 30]. 
However, the contribution of each source to the total amount of leptin in breast milk 
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is still unclear. A study on rats showed that gastric leptin is not fully functional during 
most of the lactation period due to immature stomachs. Additionally, leptin mRNA 
levels tend to be low during the first days of life and only start increasing after the 
fifteenth day of life [25].

Çağiran Yilmaz F et al., in cross-sectional study, assessed the relationship between 
the anthropometric measurements of the mothers (body weights and BMI) and 
leptin levels in breast milk and maternal serum, both were positively correlating in 
all months. The relationship between anthropometric measurements of infants, and 
the leptin levels in breast milk and maternal serum determined that the body weights 
of the infants and the breast milk leptin level in the assessed months were negatively 
correlated. In contrast, the length of the infants and leptin levels in breast milk and 
maternal serum were positive correlated [30].

Another similar study found that during the lactation period, breast milk leptin 
concentration correlated positively with maternal plasma leptin concentration and 
with maternal BMI. Breast milk leptin concentration at 1 month of lactation was 
negatively correlated with infant BMI at 18 and 24 months of age. When lactation 
occurred for a longer period (1 and at 3 months) was found a better negative cor-
relation among milk leptin concentration and infant BMI at 12–24 months of age. It 
is concluded that infant body weight during the first 2 years may be influenced by 
milk leptin concentration during the first stages of lactation. These results seem to 
point out that milk leptin is an important factor that might explain, the major risk of 
obesity of formula-fed infants with respect to breast-fed infants [31].

Other appetite-regulating hormones, such as ghrelin and Peptide YY (PYY), are 
produced in the gastrointestinal tract. Ghrelin stimulates food intake, while PYY and 
leptin suppress appetite and increase metabolism. In addition, the ghrelin/PYY ratio 
is a more meaningful indicator of orexigenic drive, rather than ghrelin and PYY levels 
separately. Rapid weight gain in the early stages of life has been linked to a higher risk 
of adulthood obesity and cardiovascular disease [23].

The study by Fluiter, Kirsten S et al. aimed to investigate the impact of other 
appetite-regulating hormones (ARH) such as ghrelin, PYY, and leptin on the pro-
gramming of adiposity. 297 term-born infants had their ghrelin, PYY, and leptin 
concentrations measured in their blood samples at 3 and 6 months of age, along with 
a measurement of their fat mass percentage. The results showed that ghrelin levels 
increased from age 3 to 6 months, while PYY levels decreased, leading to an increase 
in the ghrelin/PYY ratio over time. Meanwhile, leptin levels decreased from 3 to 
6 months. Leptin levels at age 3 and 6 months were found to be related with the fat 
mass percentage at those same ages, as well as the gain in fat mass percentage from 
1 to 6 months. Ghrelin at age 3 months correlated only with fat mass percentage at 
6 months, while PYY and ghrelin/PYY ratio did not correlate. Among breastfeed-
ing infants, both ghrelin and the ghrelin/PYY ratio at 3 months correlated with 
the increase in body fat percentage from 1 to 6 months. At 3 months, exclusively 
breastfeeding infants had lower levels of ghrelin and higher levels of PYY compared 
to those who were formula-fed. The increasing ghrelin/PYY ratio suggests a growing 
orexigenic drive, the ghrelin and leptin, but not PYY, correlated with more fat mass 
development during the first 6 months, suggesting that they might be involved in 
adiposity programming [23].

In another study, it was suggested that pre and neonatal overfeeding may affect 
the DNA methylation patterns in promoter regions of genes regulating food intake 
and body weight in the hypothalamus. When neonatal overfeeding was induced 
in rats, rapid weight gain was observed in the early stages, leading to a metabolic 
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syndrome phenotype including obesity, hyperleptinemia, hyperglycemia, hyperin-
sulinemia, and an elevated insulin/glucose ratio. Low methylation levels of neuro-
peptide Y (NPY) were seen in both the overfed and control groups, while the gene 
proopiomelanocortin (POMC) showed increased methylation of CpG dinucleotides. 
The extent of DNA methylation was found to be inversely related to the ratios of 
POMC expression/leptin and POMC expression/insulin. These results indicate that a 
nutritionally-induced alteration of methylation patterns is crucial for regulating body 
weight and that overfeeding may be considered an epigenetic risk factor for obesity 
programming [25, 33]. These data suggest that the nutritional status affects methyla-
tion, and consequently, the regulatory mechanism of a gene promoter. Overfeeding 
has been identified as an epigenetic risk factor for programming obesity and conse-
quent cardiovascular diseases [33].

Another study, rats were given physiological doses of leptin during lactation 
after being exposed to a high-fat diet, and it was found that their POMC promoter 
methylation was reduced. In contrast, the control group fed a high-fat diet and not 
supplemented with leptin showed increased POMC promoter methylation. There was 
also a negative correlation between DNA methylation and mRNA levels of POMC. 
This suggests that early supplementation with leptin can help regulate food intake, 
preventing excessive weight gain later in life. The findings indicate that gene promoter 
methylation may be a mechanism by which early life leptin supplementation can 
promote a healthy phenotype in adulthood [25].

The changes in the methylation status of the LEP gene are linked to perinatal 
conditions. The Dutch famine of 1944–1945 provides a prime example of this. 
Children of mothers who experienced undernutrition during the Dutch famine, 
either during the pre-conception period or late pregnancy, showed greater DNA 
methylation of the LEP gene. Additionally, LEP gene methylation was linked to the 
duration of breastfeeding, with a negative correlation between the DNA methyla-
tion of the LEP promoter and the length of breastfeeding. This lower methylation 
of the LEP gene may account for the higher levels of leptin in these infants and 
could be one of the ways in which breastfeeding helps protect against childhood 
obesity [25].

3.2 The role of adiponectin in the appetite regulation

Adipokines are secretory factors produced by adipocytes that play a role in 
regulating various metabolic processes, including lipid and glucose metabolism 
and energy homeostasis, as well as having anti-inflammatory effects [28, 29]. 
Adiponectin, in particular, is present in human milk at much higher concentrations 
than other appetite regulators, being forty times more abundant than leptin [29]. The 
levels of adiponectin in breast milk are positively correlated with those in the mother’s 
bloodstream, and the mother’s serum adiponectin levels are inversely linked to her 
body weight and BMI [29].

During pregnancy maternal serum adiponectin and breast milk adiponectin show 
an inverse relationship with infant adiposity, probably due the changes in maternal 
metabolism and adipose tissue deposition [28].

The impact of adiponectin on reducing childhood obesity is still a topic of debate. 
However, numerous studies have shown a negative correlation between maternal 
serum and breast milk adiponectin levels during pregnancy and infant adiposity 
development in the first year of life. Recently, adiponectin has gained attention 
as a potential clinical biomarker for obesity and related diseases in therapeutic 
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approaches. Keeping in mind that adiponectin is not routinely measured, future 
studies are needed to verify which indicator - whether pre-pregnancy, early, mid- or 
late pregnancy weight status, or body fat - can be considered the best surrogate for 
adiponectin. Additionally, further human trials are needed in order to translate the 
observational research on the use of adiponectin as a clinical biomarker into thera-
peutic strategies in the future [28].

3.3 Macronutrients

The way an infant is fed (exclusive breastfeeding, milk formula or mixed feeding), 
the composition of their milk, and the amount they consume are crucial elements in 
ensuring optimal growth and development during the first 6 months of life, leading 
to long-term health benefits. Quick weight gain during the first 6 months can be a 
significant predictor of adverse metabolic outcomes in adulthood, such as a higher 
risk of obesity, central adiposity, and insulin resistance. However, it remains unclear 
if slow weight gain in breastfed infants is due to low caloric intake or the nutrient 
composition of breast milk (macronutrients) [34].

A cohort study tested the hypothesis that differential breast milk total calorie 
content or macronutrient contents may be associated with infancy growth. It was 
concluded breast milk of mothers exclusively breast feeding was more calorific with 
higher percentage fat, lower percentage carbohydrate and lower percentage protein. 
The higher breast milk total calorie content was associated with lower 12 months 
BMI/adiposity, and lower 3–12 months gains in weight/BMI. Breast milk percentage 
fat was inversely related to 3–12 months gains in weight, BMI and adiposity, whereas 
percentage carbohydrate was positively related to these measures. Breast milk per-
centage protein was positively related to 12-months BMI [34].

Infants who are fed breast milk tend to have lower levels of adiposity, suggesting 
that the composition of breast milk is optimal for their healthy growth. Breast milk 
has a higher proportion of lipids and a lower proportion of proteins and carbohy-
drates. Thus, infants fed breast milk with a lower percentage of fat felt less satiated 
and drank larger volumes of milk, hence gaining more weight [34].

3.3.1 Breast milk oligosaccharides

Lactose is the main sugar found in breast milk. Its high concentration, 
6.7 g/100 ml, is higher than that of other species, reflecting the high nutritional needs 
of the human brain [35]. The unique nutritional value of breast milk is largely attrib-
uted to human milk oligosaccharides (HMOs), which are the third most abundant 
component after lactose and lipids. HMOs are complex sugars with diverse structures 
that are indigestible by infants [36].

HMOs are bioactive molecules that play a crucial role in infant health, with 
levels ranging from 1 to 10 g/l in mature milk and 15–23 g/l in colostrum [35, 37]. In 
mature milk, 35–50% of HMOs are fucosylated, 12–14% are sialylated, and 42–55% 
are non-fucosylated and neutral, respectively. The structures of oligosaccharides 
vary based on the presence of specific transferase enzymes expressed in the lac-
tocytes. It has been hypothesized that the variation in HMO composition among 
mothers may enhance human survival, as pathogens exhibit different binding 
affinities according to specific structures of oligosaccharides [35]. HMOs also act as 
prebiotics, promoting the growth of beneficial bacteria such as Bifidobacteria and 
Bacteroides species [35, 36].
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Throughout human life, the abundance of bifidobacteria decreases, going to 90% 
of the total colonic microbiota in breastfed infants to just 5% in adults, and declining 
even further in the elderly. A low abundance of bifidobacteria has been associated 
with gastrointestinal disorders such as irritable bowel syndrome. Supplementing with 
HMOs may be an effective strategy for modulating the gut microbiota and promoting 
the growth of beneficial bifidobacteria in adults [38].

HMOs have an anti-pathogenic effect against bacterium, virus, fungus and pro-
tozoan parasite. This is because HMOs can bind to pathogens and prevent pathogens 
from binding to receptors on the surface of epithelial cells and passing through the 
gastrointestinal tract, causing disease [36].

The impact of HMOs on gut barrier function has been largely underexplored. The 
intestinal epithelium the small intestine and colon are considered a key part of the 
innate immunity, serving as a physical barrier [36, 38].

The intestinal barrier is composed of a mucus layer that covers a single layer of 
intestinal epithelial cells, which separates bacteria from the underlying submucosa 
and is critical to maintaining gut homeostasis [38]. The intercellular junctional com-
plexes regulate the passage of luminal nutrients, ions, and water and restrict bacterial 
entry, thereby controlling the barrier function of the epithelium. Microbes can indi-
rectly affect epithelial permeability through their impact on host immune cells and 
the release of cytokines, either reducing or enhancing the barrier function. HMOs can 
influence the expression of intercellular junction proteins, reducing permeability and 
strengthening the barrier function of the epithelium [36, 38].

Currently, HMOs have been synthesized artificially as additives in infant milk for-
mula for the infants who cannot be fed with breast milk. Thus, supporting the growth 
and providing protection against different diseases in early years life [36].

The HMOs that showed positive results were 2′-fucosylactose (2’-FL) and lacto-
N-neo-tetraose (LNnT). A clinical study showed that IFs just with 2’-FL inhibited 
inflammatory cytokine production. IFs with 2′-FL and LNnT kept infants healthy 
whose parents had respiratory tract infections and bronchitis. Recently, it was found 
that the addition of 2′-FL and LNnT to IF could change the microbiota towards a 
similar microbiota of breastfed infants, by increasing the quantity of Bifidobacteria 
and decreasing the number of Clostridium difficile [36, 38].

Clinical studies have been conducted to investigate the impact of pre-pregnancy 
and postpartum maternal BMI on the composition of HMOs and its effect on infant 
growth [39, 40].

Results showed that maternal obesity was associated with lower levels of fucosyl-
ated and sialylated HMOs. Infants born to obese mothers had lower intake of these 
HMOs. Specific HMOs, including 3-fucosylactose, 3-sialylactose, 6-sialylactose, 
disyallylacto-N-tetraose, disyallylacto-N-hexaose, and total acidic HMOs, were 
positively related to infant growth during the first 6 months of life. This suggests 
that maternal obesity is linked to changes in HMO concentrations, which in turn may 
affect childhood adiposity [37, 41].

3.3.2 Breast milk lipids

Lipids, in the form of fat globules, are the main source of energy in breast milk, 
accounting for 44% of the total energy provided. They are produced in the endoplas-
mic reticulum of mammary epithelial cells and are surrounded by an outer membrane 
rich in bioactive compounds such as glycerophospholipids, sphingolipids, sphingo-
myelin, glycolipids, cholesterol, and glycosylated proteins. When these components 
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are added to IFs, they have been linked to improved neurocognitive development and 
immune function [35].

The content of lipids, including long chain polyunsaturated fatty acids 
(LC-PUFAs), in breast milk is heavily influenced by the mother’s diet. LC-PUFAs have 
several key biological effects, particularly on membrane functions, growth, immune 
response, and the functional development of the retina and cerebral cortex. This sug-
gests that developing countries should consider supplementing IFs with alpha-linoleic 
and docosahexaenoic acid (DHA). Medium-chain monoglycerides have the ability to 
inactivate various pathogens in vitro, such as group B Streptococcus [34, 35].

The majority of breast milk arachidonic acid derives from maternal reserves, 
but the content of DHA depends on the maternal nutrition. For a daily DHA supply 
of 100 mg in exclusively breastfeeding infants, the mother should consume at least 
200 mg/day of DHA [35].

A recent study reported an inverse association between fat intake at 2 years of age and 
body fat, assessed by bioelectrical impedance analysis at 20 years, also suggesting that 
early diet containing greater fat may benefit later body composition. It is believed that the 
content of omega 6 fatty acids and linoleic acid may explain this relationship [34].

Results of a recent systematic review showed a positive association between 
maternal BMI and the amount of fat in breast milk in term-born infants between 1 
and 6 months postpartum. For each increase of 1 kg/m2 in maternal BMI the concen-
tration of fat in milk increased by 0.56 g/l [42].

The link between breastfeeding and obesity is well-established, but the mecha-
nisms involved are unclear. Some studies have attempted to define some of the breast 
milk lipidome, identifying 300 lipid species and 700 lipid characteristics. However, 
more specific details on maternal genetics, health and diet are lacking from literature. 
Future research should to collat more maternal data, including dietary information as 
to understand the impact of the breast milk lipidome and it is consequences on infant 
health [43].

3.3.3 Breast milk proteins

Proteins are the third most important component in breast milk for the healthy 
growth and development of infants, providing not only nutrition but also performing 
several bioactive functions. Proteins act as carriers for other nutrients, such as lacto-
ferrin, haptocorrin, alpha-lactalbumin, and beta-casein, and help promote intestinal 
development and nutrient absorption. The quantity and quality of protein in human 
milk are crucial in influencing infant growth and body composition. In fact, a high 
protein intake in infancy has been associated with increased weight gain and a higher 
risk of developing obesity later [35].

Breastfed infants’ protein intake has served as a model for estimating protein 
needs in the first year of life. The protein content of breast milk depends on the stage 
of lactation and time since partum, with a high protein concentration during the 
first few weeks of lactation and a gradual decrease throughout the first year. Proteins 
are made up of amino acids that are linked together by peptide bonds. During diges-
tion, proteins are broken down into simple amino acids and then absorbed. These 
absorbed amino acids are then used to build new proteins. The amount of protein 
intake may not accurately reflect the amount of amino acids used to synthesize new 
proteins because some breast milk proteins remain intact in the infant’s feces. Despite 
a decrease in protein concentration during lactation, the nutritional value of breast 
milk remains constant to meet the growing infant’s needs [44].
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There is evidence to suggest a correlation between the presence of branched-chain 
amino acids (leucine, isoleucine, and valine) and aromatic amino acids (phenylala-
nine and tyrosine) in breast milk and an increased risk of childhood obesity. The 
maternal body mass index (BMI) is positively correlated with the amount of isoleu-
cine, leucine, and aromatic amino acids consumed by infants. Infants who consume 
the highest amounts of these amino acids also show a positive association with their 
body composition [39].

4. Breastfeeding vs formula-fed infants

Breast milk has been shown to be the ideal source of nutrition for infants. 
However, most infants are fed human-milk substitutes. Cow’s milk proteins are the 
unique source of proteins in most IFs but have a lower quality compared with breast 
milk, partly because of differences in their amino acid contents [41].

IFs have been designed to imitate the nutritional benefits of breast milk for infants 
unable to be breastfed. The aim is to provide similar outcomes for optimal growth, 
development, maturation of the immune system and programming of the metabolism 
system. Despite the ongoing improvement of IFs, the growth patterns and develop-
ment of body composition still differ from those of breastfed infants and may result 
in a higher risk of obesity for formula-fed infants [41, 45].

The mechanism behind the protective effect of breastfeeding is not fully under-
stood. Several mechanisms may account such as differences in appetite regulation, 
early growth patterns, circulating leptin, and the gut microbiome [44, 45].

The first few months of life are a crucial time for avoiding metabolic, cardio-
vascular, and obesity issues in the future. Infant growth and weight gain during the 
first half-year of life is a more accurate predictor of adolescent body composition 
compared to weight gain from 6 months to 2 years old. Early patterns of body fat also 
indicate future obesity, as obese adults tend to experience an earlier rise in body fat 
compared to non-obese adults [41].

Breastfed infants generally have a slower weight gain in the first year of life 
compared to formula-fed infants. Formula-fed newborns have a 22% higher risk of 
developing childhood obesity compared to breastfed infants. Breastfeeding has been 
shown to be associated with a 13% reduction in childhood overweight or obesity, 
which is strongly linked to adult obesity, despite declining rates of breastfeeding. 
Exclusive breastfeeding is more effective in preventing childhood obesity than the 
combination of breastfeeding and IFs (mixed feeding), and the mixed feeding is more 
effective than exclusive formula feeding [41].

Breast milk protein concentration decreases over the weeks of lactation, while 
the protein concentration in IFs remains constant. Research has demonstrated that 
formula-fed infants consume 66–70% more protein compared to breastfed infants in 
the first 6 months of life. The lower protein content in breast milk is believed to affect 
infants’ growth, and reduced protein intake may prevent childhood obesity [44, 45].

Kouwenhoven et al. studied the short-term and long-term effects of a low-protein 
IFs (with 20% reduced protein content) on growth and body composition. Despite 
the lower protein levels, differences in growth, weight gain, and body composition 
still existed between formula-fed and breastfed infants. Formula-fed infants had 
significantly higher total fat mass, total fat-free mass, and fat-free mass index (FFMI) 
compared to breastfed infants up to 6 months of age. At 2 years old, significant differ-
ences in body composition were observed between the low-protein formula group and 
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the breastfed reference group. Further research is necessary to examine the potential 
impact of higher protein intake on growth and body composition [45].

The exact mechanisms behind the impact of higher protein intake on growth and 
body composition are not yet understood. However, it is known that the anabolic 
hormones insulin and IGF-1 respond to changes in protein intake. No short-term 
correlations between insulin, glucose, the Homeostatic Model Assessment for Insulin 
Resistance (HOMA-IR), and body composition have been observed in the first year 
of life. However, these associations were evident at 2 years of age, indicating that 
decreased insulin sensitivity early in life may affect body composition later in life, 
rather than the other way around [32, 45].

The differences in growth and body composition between infants fed low-protein 
formula and those who are breastfed suggest the use of formula with even lower 
protein content than 1.7 g/100 kcal. A recent study showed that a formula containing 
only 1.43 g protein per 100 kcal resulted in a significantly lower weight gain rate com-
pared to formulas with 1.9 g or 2.18 g protein/100 kcal during the first 4 months of 
life [45]. Although the investigators reported adequate growth, it was not possible to 
determine the safety of such a low-protein formula. Thus, further research is required 
to determine the safety and effectiveness of reducing protein intake to levels closer to 
that found in human milk [45].

The fat matrix of IFs changed in the early 20th century. Previously it was com-
posed of cow’s milk fat, later being constituted of a blend of vegetable oils.

This allows for a better mimicry of the mono- and polyunsaturated fatty acid (PUFA) 
profile found in breast milk. Formula is usually supplemented with higher levels of 
LC-PUFAs from the omega 3 and omega 6 families. The omega 3 LC-PUFAs have been 
linked to improved insulin sensitivity, reduced weight gain and adiposity, and improved 
lipid profiles. Postnatal supplementation with omega 3 PUFAs has been shown to reduce 
body fat deposition in adulthood and improve plasma lipid profile and glucose homeo-
stasis. Similar benefits were observed with a low-omega-6 PUFA diet [41].

The main source of carbohydrates in standard IFs is lactose. Animal studies have 
shown that a high intake of carbohydrates in early life can have negative long-term 
effects, such as chronic hyperinsulinemia and adult-onset obesity [41].

Thus, although the mixture of HMOs found in breast milk cannot be replicated 
in IFs, adding prebiotics is a step towards mimicking their benefits. Currently, the 
prebiotics used in IFs mainly consist of a 9:1 mixture of short-chain galactooligosac-
charides (scGOS) and long-chain fructooligosaccharides (lcFOS). However, the 
prebiotics commonly added to IFs have much simpler structures than HMOs and 
cannot reproduce all their benefits [41].

Recently, the availability of 2′FL and lacto-N-neotetraose (LNnT), has pro-
vided opportunities for the development of IFs that are similar to breast milk. 
Supplementation with these two HMOs did not result in any differences in weight, 
length, or BMI compared to non-supplemented IFs. However, it did result in a similar 
gut microbiota and metabolic programming to that of breastfed infants at 3 months 
of age [41].

Recently, it has been acknowledged that breast milk is a source of viable com-
mensal and potentially probiotic bacteria such as Staphylococcus, Streptococcus, 
Bifidobacterium, and Lactobacillus. The composition of the breast milk microbiome 
is influenced by factors such as the maternal nutrition, gestational age and health 
status. The prevailing theory is that the bacteria reach the mammary gland through 
the lymphatic and circulatory systems, providing the infant with 107–108 bacterial 
cells per day through the consumption of approximately 800 ml of breast milk [41].
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Probiotics are defined as ‘live micro-organisms that, when administered in 
adequate amounts, confer a health benefit on the host’. The most commonly probi-
otics used in infant nutrition are strains of Bifidobacterium and Lactobacillus. The 
long-term impact of early consumption of probiotics on growth has been studied, 
with no effect observed from supplementation with Lactobacillus rhamnosus or 
Lactobacillus fermentum in the first months of life on growth at 2, 3, 5, and 13 years. 
Contrarily, the use of maternal probiotic supplementation with L. rhamnosus was 
seen to have an impact on the weight development of children. This was indicated 
by a slower rate of weight gain until the age of 2 to 4 years, particularly among 
children who became overweight later. This led to a lower body mass index until 
7 years of age. The ESPGHAN Committee on Nutrition concluded in 2011 that 
supplementing healthy infants with currently evaluated probiotic formulas does 
not raise safety concerns regarding growth and adverse effects. However, due to 
high variability in responses, the relevance of supplementing IFs with probiotics 
remains unclear and the routine use of probiotic supplemented IFs is not currently 
mandatory [41].

Breastfeeding has been linked to a decreased risk of obesity, metabolic disorders 
such as diabetes, hypertension, and cardiovascular disease, as well as a lower likeli-
hood of being overweight or obese in adulthood [25]. On the other hand, formula-fed 
infants have a higher risk of developing insulin resistance and type-2 diabetes later 
in life. They have been found to have higher levels of insulin secretion, indicated by 
higher concentrations of urinary C-peptide, as well as higher pre- and post-meal 
blood glucose levels. These elevated insulin levels may contribute to a greater buildup 
of subcutaneous fat. In comparison, breastfed infants have 3% lower insulin levels in 
adulthood than those who were formula-fed [41].

Early nutrition may also have an impact on cardiovascular risk factors and ath-
erosclerosis in adulthood. Formula-fed infants may have higher blood pressure levels 
and an increased risk of atherosclerosis compared to breastfed infants. A prospective 
study of Mexican children found that exclusive and prolonged breastfeeding had a 
positive effect on later cardiovascular health, with lower levels of total cholesterol, 
LDL cholesterol, and triglycerides at age 4. However, at 4 and 8 weeks, formula-fed 
infants had lower levels of serum cholesterol, triglycerides, and transaminase (ALAT, 
ASAT, γGT) compared to breastfed infants. Despite these findings, the long-term 
impact of breastfeeding on the prevention of cardiovascular disease is still a matter of 
debate and more research is needed to fully understand the issue [41].

5. Conclusion

More and more evidence is showing that breast feeding confers protection to the 
infant against a range of diseases such as obesity, hypertension, dyslipidemia and 
cardiovascular disease.

This seems to be a result of early metabolic programming that we can find in 
the developmental origins of the health and disease hypothesis (DOHaD) theory. 
This DOHaD theory clarifies how the early life environment can impact the risk of 
chronic diseases from childhood to adulthood and witch the mechanisms epigenetics 
involved. Thus, there is a relationship between the Nutritional and environmental 
challenges prior to and during gestation, lactation, and early life and the health devel-
opment of the infant. One where breast milk plays a key role. It is widely recognized 
that the mothers health and lifestyle has a big impact on offspring. The support and 
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promotion of breastfeeding by healthcare professionals have the potential to increase 
breastfeeding prevalence before, during and after childbirth.

For the infants who need IF is possible adjust and further improve IF. However, 
is difficult to mimic breast milk or the art of breastfeeding because of its complexity 
and its effect on infant physiology.

Improving the functional effects of IF to reduce the gap between breastfed and 
formula-fed infants is crucial and has been the topic of great research over the past 
years. However, it is still under study which components should be added to IF and in 
which quantity.

Regarding metabolic health of infants, an improved IFs would consist in modu-
lating all macronutrients. Decrease the quantity and improve their quality of the 
proteins, add lipids with size, structure and composition of the fat globule and bal-
anced omega 3: omega 6 LC-PUFA ratio and to supplement with prebiotics, probiotics 
or synbiotics. The impact of breastfeeding on public’s health is big as it will help 
with obesity and DNTs prevention and ensuring improvement of quality of life and 
sustainable living for current and future generations.
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Abstract

Breastfeeding is the gold standard for infant nutrition in the first six months of life 
when feeding choices determine growth and development. However, human milk is a 
complex and highly variable fluid that, in addition to nutrients, contains several bio-
active components, including polyamines (putrescine, spermidine, and spermine), 
and constitutes the first exogenous source of these compounds for infants. Active in 
various cellular processes, polyamines are involved in the growth and maturation of 
the gastrointestinal tract and the development of the immune system and therefore 
play an important role in the first year of life. This chapter reviews the impact of 
polyamines on infant growth and health, the polyamine content in human milk and 
how it is influenced by factors related to both the mother-child dyad and breastfeed-
ing itself. In addition, a comparative analysis of human milk and infant formulas in 
terms of polyamine content and profile is presented.

Keywords: polyamines, human milk, breastfeeding, infant, infant formulas

1. Introduction

The first 1000 days of life, from conception to 23 months postpartum, constitute 
the most important period of growth and development for the human body and 
brain. Therefore, early food choices play a crucial role in health in infancy and later 
in life [1, 2]. Widely accepted as the gold standard for human nutrition in the first 
six months of life, breast milk satisfies all the infant’s nutritional requirements for 
optimal growth and development [3–5]. According to the World Health Organization 
(WHO) and United Nations Children’s Fund (UNICEF), breastfeeding should begin 
within the first hour after birth, continue as the exclusive source of nutrition during 
the first semester of life, and ideally be extended until the infant is at least two years 
of age [3].

Human milk is a complex and highly variable fluid that, in addition to nutri-
ents, contains other substances such as nucleotides, hormones, growth factors, 
immunoglobulins, oligosaccharides, cytokines, and antibodies, which participate in 
the development of the immune system and provide protection against infectious 
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diseases (Figure 1) [5–9]. Although human milk has been described as sterile, it is 
now known to harbor a complex community of bacteria that help establish the infant’s 
gut microbiota, with an impact on future health (e.g., by helping to prevent allergies, 
asthma, and obesity) [10–12]. Among the bioactive compounds found in human 
milk are the polyamines putrescine, spermidine, and spermine [9, 13, 14], which are 
synthesized in the mammary gland during pregnancy and lactation and are associated 
with hormonal regulation of lactogenic processes [15].

Several studies have shown that growth patterns and body composition differ 
between infants fed with human milk and infant formulas [16–18]. For example, 
infants that are exclusively breastfed accumulate more fat (both in grams and 
percentage) during the first four months of life, whereas those that are formula-fed 
acquire more lean mass and gain weight more rapidly, a tendency associated with a 
higher risk of developing overweight and obesity later in life [16, 18–21]. Likewise, 
differences in growth have also been described between exclusive and partially 
breastfed infants [18, 22, 23]. It has been suggested that the unique composition 
of human milk in terms of nutrients, protein concentration, and qualitative char-
acteristics may explain these differences in growth and the beneficial effects of 
breastfeeding [21].

2. Polyamines: biochemical properties and functions

Polyamines are low molecular weight nitrogenous compounds found in all 
living organisms [24–26]. Putrescine (1,4-butane diamine), spermidine (N-(3-
aminopropyl)-1,4-butane diamine), and spermine (N,N-bis(3-aminopropyl)-1,4-
butane diamine) are characterized by the presence of two or more amino groups 
(Figure 2). Due to their structure, they are relatively stable compounds, capable of 
withstanding both acidic and alkaline conditions and establishing hydrogen bonds 

Figure 1. 
Qualitative composition of human milk.



49

Polyamines in Human Milk and Their Benefits for Infant Health
DOI: http://dx.doi.org/10.5772/intechopen.110868

with hydroxyl solvents such as water and alcohol. At physiological pH, polyamines 
are fully protonated in the organism and can bind strongly to biomolecules such as 
DNA, RNA, ATP, proteins, and phospholipids, stabilizing their negative charges and, 
in many cases, modulating their function [27, 28]. In the cell, polyamines are stored 
mainly in the cytosol and nucleus, which participate in DNA transcription and RNA 
translation [24, 29].

In humans, polyamines play an essential role in regulating several cellular 
processes, such as cell growth and differentiation, and protein and nucleic acid 
synthesis [25, 30]. In addition, polyamines participate in the modulation of the 
immune response, ionic channels (e.g., acting as blockers of potassium channels), 
and cell apoptosis [24, 25, 31, 32]. Another important feature of polyamines is their 
antioxidant capacity, described as comparable to that of recognized antioxidants 
such as α-tocopherol, ascorbyl palmitate, and octyl gallate [33]. Polyamines exert 
antioxidant effects mainly through the mechanism of metal chelation, which prevents 
the formation of hydroperoxides and secondary oxidation compounds [33]. Spermine 
is the polyamine with the highest antioxidant capacity, as its chemical structure has 
the largest number of positive charges, followed by spermidine [33]. Additionally, 
polyamines are reported to protect DNA against oxidative damage by eliminating free 
radicals, especially in lipophilic media [33, 34].

The three polyamines can be found in a wide variety of animal and plant foods, 
but with qualitative and quantitative variation [25, 35]. For newborns, human breast-
milk is the first exogenous source of these compounds [9, 24, 26].

2.1 Cellular homeostasis of polyamines

Cellular homeostasis of polyamines in the body is strongly regulated and depends 
on the balance between their endogenous synthesis, dietary intake, and catabolism 
[25, 29, 36]. Figure 3 schematically depicts the metabolic routes of polyamine synthe-
sis, interconversion, and catabolism.

The de novo synthesis of polyamines begins with the formation of putrescine 
from the amino acid ornithine by the action of the enzyme ornithine decarboxylase 
(ODC). Next, spermidine is obtained from putrescine by the action of spermi-
dine synthase, which catalyzes the addition of a propylamine group from the 

Figure 2. 
Chemical structure of polyamines.
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decarboxylation of S-adenosyl-methionine. Finally, spermine synthase transforms 
spermidine into spermine by adding a second propylamine group [29, 37]. In 
addition to de novo formation, polyamines may arise from interconversion reac-
tions, a cyclical process that controls polyamine turnover and maintains intracel-
lular homeostasis (Figure 3). The interconversion begins with the acetylation of 
spermine or spermidine by the action of spermidine/spermine N1-acetyltransferase 
(SSAT) and with the participation of acetyl coenzyme-A. Subsequently, polyamine 
oxidase (PAO) removes a propylamine group to generate putrescine from the 
acetylated metabolite of spermidine, or spermidine from the acetylated metabolite 
of spermine [24–26, 38].

The principal source of exogenous polyamines is food [24, 26]. Dietary poly-
amines are absorbed in the small intestine, mainly in the duodenum and the first 
segment of the jejunum, either through transcellular absorption mechanisms involv-
ing transporters or passively through the paracellular route, the latter being more 
common [24, 28, 30, 39]. Although not much information exists about polyamine 
transporters in mammalian cells, two transmembrane transporters from the family 
of solute carriers (SLC) have been identified [30, 40]. Exogenous polyamines are 
incorporated into the cell via the carnitine transporter SLC22A16, whereas SLC3A2 
is responsible for the excretion of acetylated polyamines, especially putrescine and 
spermidine [30, 39].

3. The role of polyamines in infant health

Polyamines participate in different biological processes in the first years of life, 
promoting the growth and maturation of the gastrointestinal tract and the develop-
ment of the immune system [7, 41–45]. Thus, it has been postulated that polyamine 
requirements may be higher during the neonatal and infant stages when the rate of 
cell growth is more rapid [46, 47].

Several studies have shown that oral administration of polyamines in animal 
models induces morphological and biochemical modifications in the intestine. For 
example, the administration of spermine and spermidine in mice increased protein 
expression and modified the activity of disaccharidases, markers of small intestinal 

Figure 3. 
De novo synthesis, interconversion, and catabolism of polyamines in the body. ODC: ornithine decarboxylase, 
AdoMetDC: S-adenosyl-l-methionine-decarboxylase; dcSAM: decarboxylated S-adenosyl-methionine, 5′MTA: 
5′-methylthioadenosine, SSAT: spermidine/spermine N1-acetyl-transferase, PAO: polyamine oxidase Acetyl-CoA: 
Acetyl coenzyme-A. Adapted from Munoz-Esparza et al. [26].
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maturation [42, 43, 48]. Biol-N’garagba et al. [49] proposed that postnatal changes 
in glycoprotein fucosylation in the intestinal maturation process largely depend on 
polyamine intake. They demonstrated in mice that oral administration of 10 μmol/
day of spermine and spermidine increased the activity of α-1,2-fucosyltransferase, 
causing a higher concentration of α-1,2-fucoproteins in the brush border membrane 
[49]. Other authors have reported biochemical changes associated with the matura-
tion of the small intestine, such as the increased activity of alkaline phosphatase and 
glutamyl-transferase gamma [44, 48].

At the morphological level, Sabater-Molina et al. [44] demonstrated that a 
physiological dose of polyamines significantly increased crypt depth in the small 
intestine of newborn piglets compared to the control group. In addition, Pérez-
Cano et al. [7] reported that spermine and spermidine administered to newborn 
rats were associated with increased gut weight and length, indicating a more 
mature gut structure.

Regarding the immune response, animal model studies indicate that oral admin-
istration of spermine and spermidine in the postnatal period induces the matura-
tion of intestinal immune cells and increases concentrations of immunoglobulin 
A [7, 42, 43, 50]. Ter Steege et al. [50] demonstrated that the intake of spermine 
increased the percentage of intraepithelial lymphocytes (CD4, CD5, and CD54) and 
the expression levels of these antibodies. Likewise, Pérez-Cano et al. [7] observed 
that daily supplementation with spermidine and spermine significantly increased 
the maturation of CD8 intraepithelial lymphocytes and the number of natural killer 
cells are related to greater innate immunity.

During the first months of life, the intestine is more permeable to macro-
molecules, a state associated with a higher propensity to develop allergies [43]. 
Dandrifosse et al. [51] reported that spermine administration in rats increased 
pancreatic protease activity, which improved protein digestion and reduced the 
likelihood of allergenicity. It is well established that breastfed infants have a lower 
risk of developing food allergies than those fed infant formula [52]. This tendency 
is mainly attributed to the presence of polyamines in human milk and other 
bioactive compounds, such as immunoglobulins, growth factors, nucleotides, and 
cytokines [7, 52]. In support of this effect, Peulen et al. [53] reported that a higher 
spermine content in human milk during the first month postpartum was associated 
with a lower incidence of allergy at five years of age. Furthermore, intestinal matu-
ration, promoted by polyamines, involves a reduction in intestinal permeability, 
limiting the passage of antigens from the lumen into the bloodstream, thus lower-
ing the risk of allergy in the infant [7, 41, 45]. Consequently, supplementing infant 
formulas with polyamines has been described as important for allergy prevention 
[7, 43, 48, 53].

Finally, in addition to their role in intestinal maturation and immunity, poly-
amines have also been associated with changes in the microbiota [15, 54]. For 
example, studies in newborn mice found that administering an infant formula 
supplemented with polyamines significantly impacted the composition and activ-
ity of the intestinal microbiota, resulting in a significant increase in the number of 
Bifidobacteria species compared to the control group. These bacteria have a biologi-
cal role in the relationship between the host mucosa and the microbiota, immune 
regulation, and the control of inflammation. Also observed was an increase in the 
concentration of the bacterium Akkermansia muciniphila, a common species of 
intestinal microbiota that promotes the development of innate and adaptive immune 
responses [15, 54].



Infant Nutrition and Feeding

52

4. Polyamine content and profile in human milk

As mentioned, human milk has a substantial content of polyamines, serving as 
the first dietary source of these compounds for infants. However, in the last three 
decades, several studies have investigated polyamines in human milk, reporting a 
wide variability of contents, with total polyamine concentrations ranging between 
25.7 nmol/dL and 948.5 nmol/dL (Table 1). Explanations for this broad divergence 
include cohort heterogeneity, the uniqueness of each mother-child dyad, and the 

Lactation 
phase

Total 
polyamines

Putrescine Spermidine Spermine References

Full-term 
human 
breast 
milk

1st week 396.1 20.5 185.4 190.2 [55]

713.3 82.4 457.5 173.4 [14]

1st month 861.5 61.5 351.2 448.8 [55]

881.0 21.0 352.0 508.0 [15]

25.7 2.9 12.4 10.4 [47]

790.5 18.0 389.5 382.9 [57]

2 months 819 90.0 385.0 344.0 [41]

145.8 Nd 73.6 72.2 [55]

659.1+ 85.3+ 414.0+ 159.8+ [56]

567.7* 73.0* 348.6* 146.1* [56]

506.9° 34.1° 243.7° 206.2° [9]

876.6♦ 50.0♦ 407.7♦ 418.9♦ [9]

756.1 30.0 381.0 345.1 [57]

3 months 562.3 30.4 285.7 246.2 [57]

4 months 745 79.0 316.0 350.0 [41]

429.0° 30.3° 206.2° 192.5° [9]

788♦ 51.0♦ 357.8♦ 379.2♦ [9]

508.3 29.6 239.9 238.8 [57]

5 months 448.2 19.0 229.7 199.5 [57]

6 months 618 87.0 298.0 233.0 [41]

405.6° 35.0° 192.5° 178.1° [9]

708.6♦ 49.8♦ 379.2♦ 279.6♦ [9]

Mean 557 24.0 220.0 313.0 [13]

Preterm 
human 
breast 
milk

1st week 948.5 165.6 615.2 167.7 [14]

1st month 82.2 5.8 46.2 30.2 [47]

Nd: not detected. Milk from mothers with +normal weight and *obesity. Average: does not specify month of lactation. The 
milk sample corresponds to °foremilk and ♦hindmilk.

Table 1. 
Mean contents of polyamines in human breast milk (nmol/dL) reported in the literature.
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different phases of lactation at which samples were taken (from the first week to six 
months of life) [9, 13, 15, 41, 47, 55–57].

Studies disagree about the main polyamine in human milk, some indicating 
spermidine [14, 41, 47, 56], and others spermine [13, 15, 55]. In two recent studies, 
Muñoz-Esparza et al. [9, 57] found that spermidine and spermine predominated, 
being detected in similar proportions. In contrast, putrescine is unanimously 
described as a minor polyamine in human milk (Table 1).

5.  Influence of the mother-child dyad and lactation on the polyamine 
content in human milk

It has been suggested that the polyamine content in human milk may be influ-
enced by multiple factors associated with the lactation process and the individuality 
of each mother–child dyad (Figure 4). Thus, concentrations may be affected by 
genetics, ethnicity, nutritional status, and maternal dietary intake [13, 15, 47, 56, 58]. 
Gomez-Gallego et al. [15] reported that the polyamine content in human milk varies 
according to the geographical region, being higher in Spanish and Finnish versus 
Chinese and South African mothers. Likewise, Muñoz-Esparza et al. [9, 57] found 
higher concentrations of polyamines in breast milk samples from Spanish compared 
to Mexican mothers (Table 1). These differences could potentially be explained by 
the link between geographical regions and factors such as ethnic origin, genetics, and 
maternal dietary patterns. The influence of the diet on polyamine levels in human 
milk has been investigated in only two studies. Atiya-Ali et al. [14] reported a positive 
association between the maternal intake of polyamines and concentrations in breast 
milk. Thus, higher consumption of vegetables in lactating mothers was significantly 
associated with higher spermidine contents in breast milk, whereas fruits, mainly 
oranges, were correlated with higher levels of putrescine. It was also observed that 
the polyamine content in breast milk increased in obese mothers participating in 
a nutritional intervention, correlating with higher consumption of vegetables and 
fruits [56]. It should be noted that spermidine is the major polyamine in most veg-
etables and fruits, although putrescine predominates in citrus fruits [25, 35]. Further 
research is needed to shed light on the association between maternal polyamine intake 
and the content in breast milk, for which information is still scarce. Finally, regarding 

Figure 4. 
Factors influencing the content of polyamines in human milk. Adapted from Muñoz-Esparza et al. [9].
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the nutritional status of the mother, Atiya-Ali et al. [56] reported lower polyamine 
concentrations in the milk of mothers with obesity compared to those of normal 
weight without exploring the underlying reasons.

The type of birth may also affect the constituents of breast milk. Two studies 
found a higher polyamine content in the milk of mothers of premature versus term 
newborns [14, 47]. Another potentially influential factor is the type of delivery. 
Gómez-Gallego et al. [15] reported that mothers who delivered their babies by 
cesarean section, as opposed to natural birth, produced milk with a significantly 
lower polyamine content, the same trend being observed by Muñoz-Esparza et al. [9]. 
Again, more research is needed, not only to confirm these results but also to analyze 
why the type of birth can affect polyamine concentrations.

Regarding breastfeeding, two studies carried out in 1992 by Romain et al. 
[41] and Pollack et al. [55] with breast milk samples from North American and 
Belgian mothers, respectively, found a progressive decrease in polyamines during 
the lactation period, with contents being up to 28% lower after six months. More 
recently, a reduction in polyamine content during the first semester of lactation 
was also described in milk samples from Mexican and Spanish mothers [9, 57]. In 
both studies, a significant decrease in spermidine (around 30%) and spermine 
(25%) was found, whereas putrescine remained practically unchanged during this 
period [9, 57]. According to Plaza-Zamora et al. [47], the higher polyamine content 
in human milk produced at the beginning of lactation could be related to the high 
cell growth rate and differentiation during the first months of life. In addition, the 
increasing catalytic activity of the PAO enzyme in breast milk along the lactation 
period could be responsible for the progressive reduction of polyamine concentra-
tions [59]. On the other hand, the polyamine content in human milk may not only 
depend on the lactation phase but can also vary within a feed. Muñoz-Esparza et al. 
[9] found significantly higher concentrations (up to twofold), particularly of sper-
midine and spermine, in the hindmilk produced at the end of the feed compared to 
the foremilk, regardless of the month of lactation. The fact that hindmilk remains 
in the mammary gland for longer in the presence of active endo- and exopeptidases 
(enzymes responsible for breaking down milk peptides) could lead to a higher con-
tent of free amino acids [60, 61]. Sadelhoff et al. [61] reported that hindmilk has a 
higher content of arginine, an amino acid precursor of ornithine and, therefore, a 
key substrate for the endogenous synthesis of polyamines [37, 40]. The finding that 
the polyamine content is higher in hindmilk is further evidence of the importance 
of full feeds for infants so that they may benefit from all the nutrients available in 
human milk.

Finally, it has also been proposed that certain infections, such as mastitis, can 
potentially modify the polyamine content of breast milk and lead to the appearance 
of other biogenic amines [62]. Perez et al. [62] reported higher concentrations of 
putrescine and the presence of tyramine and histamine in the milk of mothers with 
mastitis compared to healthy mothers. Likewise, Muñoz-Esparza et al. [57] detected 
abnormally high putrescine concentrations (up to 183 nmol/dL) in a breast milk 
sample, as well as the unusual presence of histamine (170 nmol/dL) and cadaverine 
(2680 nmol/dL), which may have been due to mastitis in the mother, although the 
infection was not corroborated. Perez et al. [62] suggested that the increase in putres-
cine concentrations, and the appearance of other amines, could be largely attributed 
to the aminogenic activity of the infectious bacteria (e.g., staphylococcal, streptococ-
cal, and/or corynebacterial species) responsible for the inflammatory process of the 
mammary gland that gives rise to mastitis.
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6. Polyamine content and profile in infant formulas

The WHO recommends that infants be fed exclusively with human milk in the 
first six months of life and that breastfeeding should continue until two years of age 
with suitable complementary feeding [3]. However, feeding with infant formulas 
during the first year of life remains a common practice, either in combination with 
breastfeeding or as the sole food [63].

Infant formulas Total polyamines Putrescine Spermidine Spermine References

First formula 136.0 94.0 27.0 15.0 [41]

213.0 192.0 10.0 11.0 [41]

20.5 1.8 18.7 Nd [55]

313.3 80.4 188.2 44.7 [55]

78.4 23.9 39.4 15.1 [13]

333.6 17.6 213.0 103.0 [14]

441.3 359.6 51.6 30.1 [68]

2599 964.0 923.0 712.0 [69]

15.7 Nd 15.7 Nd [57]

59.5 36.9 22.6 Nd [57]

80.5 36.8 43.7 Nd [57]

Follow-on 
formula

83.3 13.7 56.5 13.1 [13]

354.1 11.0 280.0 63.1 [14]

1970 749.0 482.0 739.0 [69]

77.4 41.4 36.0 Nd [57]

67.6 35.2 32.4 Nd [57]

110.4 58.4 52.0 Nd [57]

Preterm formula 144.4 105.7 21.5 17.2 [55]

649.9 154.5 433.1 62.3 [14]

128.9 40.8 27.0 61.1 [57]

290.9 Nd 228.2 62.7 [57]

72.5 39.1 33.4 Nd [57]

Soy-based 
formula

361.0 84.0 233.0 44.0 [41]

385.0 64.0 278.0 43.0 [41]

381.9 74.0 307.9 Nd [57]

254.3 51.9 202.4 Nd [57]

378.5 74.9 303.6 Nd [57]

Rice-based 
formula

206.5 190.3 16.2 Nd [57]

242.2 194.0 48.2 Nd [57]

360 306.3 53.7 Nd [57]

Nd: not detected.

Table 2. 
Mean contents of polyamines in infant formulas (nmol/dL) reported in the literature.
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Infant formulas or human milk substitutes are designed to replace breast milk, 
either partially or totally [64]. In 1977, the nutritional composition of formulas 
was established by the Nutrition Committee of the European Society of Pediatric 
Gastroenterology, Hepatology and Nutrition (ESPGHAN) to achieve products that 
match human milk as closely as possible and cover all infant nutritional requirements 
[64]. To benefit infant health and nutrition, the formulation of these preparations 
has been modified over the years based on new knowledge about the composition of 
human milk and according to the updated standards of ESPGHAN and the American 
Academy of Pediatrics [65–67].

Table 2 shows the contents of putrescine, spermidine, and spermine in differ-
ent types of infant formulas reported in the literature [13, 14, 41, 55, 57, 68, 69]. In 
general, both polyamine content and profile are highly variable among studies.

The polyamine contents of infant formulas for special medical use, made from veg-
etable proteins such as soy and rice, have only been analyzed in two studies [41, 57], 
detecting only putrescine and spermidine. Soy-based formulas stood out for their high 
concentrations of spermidine (202.4–307.9 nmol/dL), while putrescine was the major 
polyamine in the rice-based formulas (190.3–306.3 nmol/dL). As in formulas made 
from cow’s milk, the amount and type of polyamines in those based on vegetable 
protein are related to the content in the raw material. Accordingly, various authors 
have described spermidine as the major polyamine in soybeans and putrescine in rice 
[35, 70–73]. In addition, various factors, such as the conditions of cultivation, the 
environment, and harvesting, can potentially modify the final polyamine content in 
vegetables and, consequently, in derived products such as infant formulas [35, 74–76].

Regardless of the great variability of polyamines in infant formulas and human 
milk, the polyamine content is much lower in the former (up to 60 times lower). 
Furthermore, the polyamine profile also differs between spermidine and spermine, 
predominating in human milk and putrescine in infant formulas. These data indicate 
that infant formulas should be improved in terms of qualitative and quantitative 
polyamine content to achieve a closer match with the composition of human milk.

7. Conclusion

Polyamines are relatively underrecognized as bioactive components of human 
milk, even though their physiological effects on the growth and maturation of the 
gastrointestinal tract and the development of the infant’s immune system have 
been extensively studied. Breast milk is the first exogenous source of polyamines in 
humans, and the content can be influenced by various factors related to the mother–
child dyad and the lactation process itself. The geographical region, closely linked to 
maternal dietary patterns, seems to strongly influence the polyamine concentrations 
in human milk, mainly spermidine and spermine. If these findings are confirmed in 
further studies, promoting polyamine-rich foods in the maternal diet would be a use-
ful strategy to increase concentrations in breast milk. On the other hand, polyamine 
levels clearly decrease along the lactation period, thought to be an adaptation to the 
decreasing requirements of the infant as the growth rate slows. It should also be high-
lighted that the levels of polyamines, mainly spermidine and spermine, change within 
a single feed, up to twofold higher in the hindmilk provided at the end of the feed 
compared to the foremilk. This information supports the importance of the infant 
fully emptying the breast to take advantage of all the nutrients available in human 
milk, including polyamines. Analysis of infant formulas reveals a clear difference 
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Abstract

The best source of nutrients for babies is breast milk. However, the baby formula 
offers a crucial alternative to nursing when it is not practical or viable to meet the 
growing child’s nutritional needs. Bovine milk has traditionally been used as a 
primary component in baby formula production. It is then prepared with additional 
nutrients and bioactive substances to resemble the makeup of human breastmilk 
closely. Bovine-based baby formula is the most accessible type of formula, but it is 
not appropriate for all newborns; thus, alternatives, including those based on caprine 
milk, soy, and rice protein, are becoming more readily available. The composition of 
baby formula made from soy, rice, caprine milk, and cow’s milk is thoroughly exam-
ined in this chapter. In addition, we cover the literature that is currently available on 
nutrient bio-accessibility and features of protein functioning that are pertinent to 
baby formula.

Keywords: infant formula, ingredients, advance technology, fatty acids, 
macronutrients, prebiotics and probiotics

1. Introduction

Human milk (HM) plays a crucial role in newborns’ healthy growth and develop-
ment of gastrointestinal (GI) tracts and immune systems. Therefore, breast milk is 
the best and only naturally designed food for babies [1]. In addition to the nutritional 
components, HM also contains essential physiologically active elements that help to 
reduce malnutrition risk. Sometimes, preterm babies do not get an adequate amount 
of their mother’s milk [2]. In that case, milk from the donor or HM bank is needed, 
which is not always available in many countries. However, infant formula is required 
to maintain a newborn’s normal physical, mental, and immunological development 
when breast milk is not available [3]. Therefore, it is formulated as a complete sub-
stitute for mother’s milk to support an infant’s necessary nutritional needs under 6 or 
12 months [3]. Generally, infant formulas are prepared as a powder for bottle feeding, 
which is mixed with purified and sterile water [4]. The rehydrated mixture needs to 
be homogenized for adequate absorption in the infant’s stomach. Formulas are made 
with different ratios of 6 basic food components, which are carbohydrates, proteins, 
fats, vitamins, minerals, and prebiotics and probiotics [3]. Manufacturers claim that 
formulas are identical to the HM. Bovine milk (BM) is the primary source of proteins 
(whey and casein) in most infant formulas [5]. In addition, some manufacturers also 
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use soy protein [6]. However, almost half of the calories in formulas made with cow’s 
milk come from a specific blend of fats designed to be easily absorbed by the body. 
Palm olein, soy, coconut, high-oleic sunflower, and safflower oils are frequent sources 
of fat [7]. Many infant formulas include omega fatty acids, which are long-chain 
polyunsaturated fatty acids (LCPUFAs) [8]. Studies reported that 20% of energy in 
a formula comes from carbohydrates or sugar. In milk-based products, lactose is the 
primary source of carbohydrates. The main benefit of lactose is that it is tolerable for 
almost all babies regardless of having protein allergy [9].

In the past half-century, there have been tremendous breakthroughs in infant for-
mulas. During the middle of the 20th century, formula-fed infants typically received 
cow milk-based or homemade formulations with evaporated milk, sugar, and water 
[10]. However, technological advancements have changed formula preparation and 
nutritional compositions [11]. As a result, different formulas for different target 
groups are available in the market to support the infant’s dietary needs with special 
conditions. For example, there are currently soy, lactose-free, rice starch formulations 
and formulas for preterm babies and infants with specific disorders, such as metabolic 
problems [12]. As more constituents of HM are identified and their physiological 
functions described, new formulas continue to be developed, and established formu-
las are continually modified. Nevertheless, hormones, immunological components, 
and enzymes analyzed in breast milk cannot be added to infant formulas.

This chapter reviews the application of technologies in infant formulations. There 
are many challenges that manufacturers need to encounter during the preparation of 
formulas. Most of these challenges are nutrition related, to be specific, the improve-
ment of the nutritional benefits of infant formulations. For example, there were many 
limitations in the past to increasing the level or fortifying the formulas with macro-
nutrients (carbohydrates, proteins, and fats), bioactive compounds, and prebiotics or 
probiotics.

2. Protein

The first year of an infant’s life is a crucial time of rapid growth and development. 
Between birth and weaning, development and growth are required for long-term 
health [13]. Protein is a macronutrient that is necessary for the development of organ 
systems and bodily structures, as well as the regulation of several physiological pro-
cesses. Protein synthesis must occur quickly to sustain the infant’s rapid development. 
As a result of their fast growth, babies and early children have more significant pro-
tein needs per kilogram of body weight than any other age group [14]. In babies, the 
protein synthesis and turnover rate are disproportionately high to their body weight. 
During the first month of life, infants require around 3.5 times more protein per 
kilogram of body weight than adults [15]. HM includes more than 400 proteins that 
may be roughly categorized into three groups: caseins, whey proteins, and mucins, 
which are found in the milk fat globule membrane (MFGM). Although it varies across 
mothers and throughout lactation, the macronutrient content of HM is consistent 
among populations, despite nationality and race variability [16]. Throughout the first 
year of breastfeeding, the total protein content and concentrations of different pro-
teins in HM fluctuate to meet the demands of the newborn. Regardless of the moment 
of birth, protein levels in human milk drop throughout the first 4–6 weeks [17, 18]. 
HM is dominated by whey; however, the ratio of whey to casein fluctuates throughout 
lactation, from 90/10 in colostrum to 60/40 in mature HM.
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Protein content in mature, full-term milk is expected to be between 0.9 and 
1.2 g/dl on average [18, 19]. Significant levels of α-lactalbumin, lactoferrin, IgA 
(Immunoglobulin A), osteopontin (OPN), and lysozyme are found in the whey frac-
tion. After intake, these proteins are swiftly degraded into amino acids that may be 
absorbed and used [20]. Many of these proteins have both bioactive and non-nutritive 
activities. For example, α-lactalbumin is needed for lactose production and Ca and Zn 
ion binding [21]. Casein aids calcium and phosphorus in bulk formation. Lactoferrin 
and lysozyme inhibit the spread of potentially dangerous germs, protecting newborns 
from disease. The IgA antibody eliminates microorganisms and protects the intestinal 
mucosa [20].

2.1 Cow’s milk formula and allergy

Cow’s milk is an excellent source of protein for the baby. It includes crucial amino 
acids for the healthy growth of the body and mental health [15]. For example, while 
cow’s milk has a protein level of 5 g/100 kcal, human milk has a protein content of just 
1.5 g/100 kcal [18]. However, GI resistance to infant formulas manufactured with cow’s 
milk occurs frequently during the first several months of life. Lactose intolerance may 
also be impacted by sensitivity to milk protein, lactose, or both [9]. A cow’s milk allergy 
is a consistently unpleasant response to one or more milk proteins mediated by IgE and/
or non-IgE pathways (CMA) [6]. Within one to two hours after consumption, gastroin-
testinal, respiratory, and cutaneous symptoms may manifest as IgE-mediated reactions. 
A skin rash or dermatitis as well as gastrointestinal (GI) symptoms like diarrhea, 
mucous stools, vomiting, and stomach discomfort may also be present [22]. Immune 
system-related, non-IgE mediated reactions can take up to 48 hours to develop but are 
immune system-delayed. Infants with ongoing issues may wheeze, become irritable, 
or underperform [22]. The majority of CMA cases occur in the first year of life, and 
hypoallergenic formula is the dietary treatment if the kid is not breastfed. For treating 
CMA, particularly in infants and young children, extensively hydrolyzed cow’s milk 
formula (eHF) with confirmed hypo-allergenicity can be advised [23]. Amino acid-
based formulas (AAF) can also be recommended, particularly for patients with more 
severe symptoms or in patients who are not responding to the eHF. They offer 90% of 
infants with CMA effective therapy [24]. Infants with CMA, who cannot tolerate or 
prefer eHF should use soy- and hydrolyzed rice-based formulas (HRFs).

CMA is widespread, but it is frequently improperly diagnosed because of its 
ambiguous indications [23]. The baby and the parents will suffer; thus, it will be 
advantageous to prevent CMA. A partly hydrolyzed formula (pHF) is one method 
to stop CMA in newborns. Using a combination of thermal processing and enzy-
matic hydrolysis reduces the protein’s molecular weight and peptide lengths, which 
is created to lessen protein sensitivity [15]. pHFs typically have a molecular weight 
of around 5000 Da (range: 3–10,000 Da), whereas raw cow’s milk-based formula 
(CMF) has peptides ranging from 14,000 Da to 67,000 Da [15]. Sensitivity has been 
reported in around fifty percent of newborns with CMA; hence, pHF should not be 
used for treatment. The hypoallergenic formulation has been thoroughly hydrolyzed 
and includes no peptides with a molecular weight of more than 5000 Da [25]. The 
majority of recommendations call for pHFs to protect at-risk non-breastfed babies 
against allergy illnesses, namely, atopic dermatitis (AD) and CMA. However, accord-
ing to epidemiological research, almost 50% of newborns who later acquired allergies 
did not belong to the at-risk category. This is because the non-at-risk population 
is substantially more significant than the at-risk group. There is a 15% chance that 
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non-at-risk infants may acquire allergies [26]. According to evaluation, formulas that 
have been partly hydrolyzed are secure, well-tolerated, and promote healthy newborn 
growth. In addition, in comparison to intact proteins, partly hydrolyzed formulas are 
easier to digest and hasten the transit time in premature newborns [27].

2.2 Soy-based infant formula

Infant formulas containing soy have already been used for over a century. Despite 
few indicators, soy-based formula accounts for around 20% of the U.S. formula 
market [28]. Available formulas using extracted soy protein are currently devoid of 
cow milk protein and lactose and offer 67 kcal/dL [29]. The protein consists of a soy 
isolate supplemented with L-methionine, L-carnitine, and taurine to produce a pro-
tein level of 1.65 to 1.90 g/dL [6]. Among the several heat-stable components in soy 
formula, phytoestrogens are particularly important to health. Phytoestrogens include 
numerous categories of non-steroidal estrogens, such as isoflavones, often found 
in legumes, with soybeans having the most significant concentration [6]. Concerns 
about isoflavones’ possible adverse effects on reproductive development, neurobe-
havior, immunological performance, and hormone levels have been expressed [30]. 
However, the latest soy research indicates that phytoestrogens can lead to a reduced 
risk of coronary artery disease, cancer, and menopausal symptoms, all of which 
might be extra benefits of eating a soy-based diet at an early age [31]. Researchers are 
particularly concerned about the nutritional features of soy, especially as soy is the 
primary source of nutrition for many newborns for a minimum of six months during 
their growth. However, gas chromatography and mass spectrometry (GS/MS) were 
the traditional techniques for evaluating the isoflavone content of soy [28]. Recently, 
it was discovered that high-performance liquid chromatography (HPLC) was quicker, 
required less preparation time, and cheaper equipment.

Consequently, HPLC has been utilized in most research investigating the phytoes-
trogens content of soy formula [28]. Multiple experiments have extracted isoflavones 
from soy formula and compared these quantities to those found in the human milk 
collected following soy eating by the mother [6, 28, 32]. The decreased isoflavone 
content may give the advantages without causing as many of the dangers associated 
with high soy formula intake.

2.3 Hydrolyzed rice in infant formula

Formulas containing hydrolyzed rice have been used for decades in Europe, but 
they are still not widely accessible worldwide. A recent meta-analysis of 11 clinical 
trials using hydrolyzed rice formula in babies with CMA presented no cross-reactivity 
[33]. Another meta-analysis study of seven trials indicated that typically develop-
ing children and those with CMA could compensate for lost ground in height and 
weight. A skin prick test revealed rice-specific IgE levels in 4% of newborns in a 
multicenter trial of 100 infants with confirmed CMA; however, these infants showed 
no symptoms [25]. For children allergic to rice, hydrolysis of rice protein in the 
formula changes its allergenic characteristics and avoids an immunological response, 
as evidenced by negative Western blotting results [34]. Hydrolyzed rice formula’s 
unpleasant flavor and limited availability are two drawbacks that might impair the 
formula’s effectiveness in improving adherence. However, the taste scores of partially 
hydrolyzed rice formulas are comparable to those of soy formulas and are just as 
effective in treating CMA [27].
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In choosing a formula substitute, factors like symptom intensity, preferences, cost, 
and effectiveness should be taken into account because all replacements to CMFs are 
nutritionally appropriate. Both substantially hydrolyzed formula and rice formula 
must be taken into consideration when nursing kids, who are allergic to CMF and soy-
based formula. The effectiveness of HRFs as a choice for babies with CMA and soy 
allergy was investigated in a trial of 18 children, who were given SF but later experi-
enced allergic responses after two to eighteen months of supplementation [34]. Skin 
prick test findings revealed that 8 and 2 children reacted to rice and rice hydrolysate, 
respectively. At the same time, 7 infants had antibodies in response to rice according 
to their serology tests [35].

3. Carbohydrates

Early childhood is a time of high-speed development. Babies who do not get 
enough nutrients and calories cannot maintain their predicted growth and maturation 
throughout this time; therefore, better nutrition is crucial. During such a critical phase, 
dietary carbohydrates, mainly lactose, are an essential primary source of food-derived 
energy [36]. Moreover, sugar and polysaccharides are some other significant sources of 
energy. Lactose is the primary carbohydrate source in baby formula made from caprine 
and bovine milk (BM). These formulas contain around 7–7.5 g of lactose per 100 mL. 
BM and caprine milk (CM) primarily include lactose, which has a mass of 44–56 g/L 
and 32–50 g/L, respectively [36]. Since many decades back, lactose intolerance has 
been acknowledged as a widespread issue affecting most adults and children. Although 
lactose intolerance symptoms are seldom fatal, they can cause severe pain and nega-
tively impact the quality of life [37]. Therefore, the goal of treatment is to reduce or 
eliminate lactose, the provoking ingredient, either by removing it from the diet or by 
“predigesting” it with an additional lactase-enzyme replacement whose diarrhea may 
be exacerbated by formulas containing lactose while benefiting from formulas devoid 
of lactose [37]. However, the particular need for lactose has not been established, and 
formulations with decreased or no lactose have become more popular recently.

The growing worry about newborn lactose intolerance has been the key factor 
behind the rise in the usage of formulas that incorporate different carbohydrate 
groups [9]. Glycemic and non-glycemic are the two main kinds of carbohydrates. In 
newborn and follow-up formulas, some permitted glycemic carbohydrates, such as 
pre-cooked starch, gelatinized starch, corn syrup solids (CSS), and maltodextrin, are 
frequently used as substitute sugar [38]. Glycemic carbohydrates are digested and 
absorbed in the small intestine, followed by a rise in blood glucose [39]. A reduced-
sweet saccharide polymer made of D-glucose molecules primarily connected linearly 
with α-1,4 bonds, where maltodextrin also contains a complex structure with α −1,6 
linkages [40]. Maltodextrin is used as the primary source of sugars in non-allergenic 
infant formula. It has a nearly equivalent energy content to lactose of 4 kcal/g with 
a dextrose equivalent (DE) of ≤20 [41]. In baby formula made with soy and rice 
protein, maltodextrins are often used as the primary carbohydrate source [42]. That 
is why newborns with genetic lactose intolerance may consume these infant formulas. 
In the lactose-free formula, glucose syrup or dried glucose syrup may also be used 
when DE ≤ 32 [36]. In addition, other lactose-free formulas based on animal milk 
protein have been prepared by membrane screening or enzymatic hydrolysis. As a 
result, up to 30% of the total carbohydrates in baby formulas may contain pre-cooked 
or gelatinized starches [43]. This makes baby formula intended for babies with 
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gastroesophageal reflux viscous. Additionally, they are frequently added to infant 
formulas that contain hydrolyzed proteins because this process raises the osmolarity 
of the formula.

Human milk oligosaccharides (HMOs) are hypothesized to have prebiotic effects 
by acting as nutrients for good bacteria like bifidobacteria. Compared to human milk, 
which includes 5–15 g/L of oligosaccharides, BM only contains 0.03–0.12 g/L of these 
sugars [44, 45]. In comparison to BM, CM has an oligosaccharide content that is over ten 
times higher and includes molecules that are functionally more comparable to HMOs. 
2′-Fucosyllactose (20FL) and Lacto-N-neotetrose (LNnT), two structurally isoforms of 
HMOs, have been created by microbial fermentation for inclusion in the newborn for-
mula [46]. Moreover, as an alternative to mimic many of the positive benefits of HMOs, 
producers are now adding non-digestible carbohydrates such as fructooligosaccharides 
(FOS) and galactooligosaccharides (GOS) to newborn formula [47].

4. Lipids

Lipid content in breast milk is significantly more different compared to the other 
macronutrients. In matured milk, lipid concentrations range from 3.5 to 4.5/100 g, 
although they vary depending on the mother’s duration of nursing and throughout 
each meal [3]. High levels of medium-chain fatty acids (MCFA) and triacylglycerols 
are present in breast milk fat, which is dissolved by a phospholipid membrane. Lipids 
provide 40–50% of a newborn’s energy needs and are the main energy source in 
baby formula [48]. The key ingredients of infant formula are long-chain fatty acids 
(LCFA), which are emulsified with dairy proteins, and soy lecithin (SL), which lacks 
sphingomyelin [16]. The amount of lipid hydrolysis products in the intestine are 
altered by changes in the sphingomyelin content and saturation level of phospholip-
ids, which ostensibly influences the advantage of the certain gut microbiome [49].

The lipid content of baby formula must fall between the range of 4.4–
6.0 g/100 kcal [36]. Due to significant changes in their fatty acid profiles from HM, 
which has a higher proportion of unsaturated fatty acids (C18:1, C18:2, and C18:3) 
and LCPUFAs (C20:4 and C22:6), BM and CM are not suitable as the only source of 
lipids in infant formula [36]. In newborn formula manufactured from BM and CM, 
vegetable oils are combined in a way comparable to human milk because of these dis-
crepancies. The LCPUFAs, for example, arachidonic acid (ARA) (C20:4ω6) and doco-
sahexaenoic acid (DHA) (C22:6ω3), are not present in the blends of vegetable oils 
[50]. Infant formulas are presently required by EU law to include 20–50 mg/100 kcal 
DHA [51]. Fish oils, microbe oil, and egg-yolk-produced lipids are all acceptable 
sources of LCPUFAs to add to baby formula. However, using unfractionated fish oil 
is not recommended since it contains eicosapentaenoic acid (EPA), which is hostile to 
the actions of ARA [52]. Triglyceride structure in baby formula is crucial because it 
influences lipid hydrolysis and, in turn, the bioavailability of fatty acids. The precise 
esterification of fatty acids to glycerol at the outer sn-1 and sn-3 and inner sn-2 
locations of a triglyceride is known as triglyceride synthesis. Over 70% of the palmitic 
acid (C16:0) in HM is found at the sn-2 position on the triglyceride backbone. Because 
of this, structured triglycerides containing 17–25% palmitic acid and more than 40% 
of it esterified at the sn-2 position have been created by enzymatic procedures [53]. 
When added to the newborn formula, these structured triglycerides have been linked 
to altered intestinal microbiota, decreased colic incidence, enhanced bone growth, 
and lower intestinal inflammation.
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During the manufacturing process, infant formula often goes through a homog-
enization stage. Consequently, globules are created in plant-based oil (approximately 
0.4–0.5 μm), which are then solidified by protein [3]. Casein and whey proteins 
served as stabilizers in baby formula made from BM and CM, whereas soy and hydro-
lyzed rice proteins serve as the main emulsifiers of fat globules in formulas made from 
soy and rice, respectively [3, 54]. It has been reported that the characteristics of the 
lipid/water (L/W) interface and the globules’ diameter influence how easily newborn 
formula digest. Consequently, efforts have been made to alter the structure of the 
L/W interface. One method involves adding BM’s phospholipids to baby formula 
to change its concentration [20]. On the other hand, palmitic acid is abundant in 
human and animal milk, making up around 70% and 45%, respectively. However, 
less than 20% of vegetable oils are esterified with palmitic acid at the sn-2 position 
[50]. Compared to newborn formulas containing milk fat or β-palmitate, formulas 
using just plant-based oils had a lower percentage of palmitic acid in the sn-2 place 
of triglycerides. According to Prosser et al., who studied the fatty acid profile of a 
CM-based formula product in which goat milk accounted for 55% of the total fat and a 
vegetable oil mix for the rest, this blend provided the necessary fatty acids profile for 
the babies [55].

5. Prebiotics and probiotics

Probiotics in formula help infants maintain a healthy proportion of microbes in 
their gut and inhibit the development of “unfriendly” microorganisms that may oth-
erwise cause illness and irritation [56]. Probiotics and prebiotics are included in baby 
formula to establish good gastrointestinal bacteria similar to those of breastfed babies 
in order to support optimal growth and minimize illnesses. Breastfeeding newborns 
have a higher proportion of bifidobacteria in their gut microbial population and a 
lower number of pathogens than those who are formula-fed [57]. Prebiotics are indi-
gestible components of some foods that promote the development of probiotics in the 
digestive system. Prebiotics may be found naturally in foods, including human milk, 
fruits, and vegetables. Probiotics are live microorganisms that mimic the microflora 
typically present in the body and are included in certain meals. Probiotics are useful 
for better digestion since they assist in moving food through the gastrointestinal tract, 
maintaining a healthy digestive system [58]. Numerous substances included in human 
milk influence the infant’s gut flora. Although it is impossible to trace breastfeeding’s 
effects on the gut microbiota to a single substance, mounting research suggests that 
human milk oligosaccharides play a key role. Human milk oligosaccharides (HMOs), 
which have distinct nutritional and functional qualities, are a common and signifi-
cant group of components [46]. Prebiotic oligosaccharides (OS), which are essentially 
missing in cow’s milk, are the third most common substance in a mother’s milk, which 
is made with complex combination of glycan [57].

The presence of growth factors (HMOs) in HM and their absence in baby formula 
have been cited as the main reasons why breastfed babies have a large proportion 
of bifidobacteria in GI microflora as opposed to formula fed babies [59]. Because of 
this, prebiotics are usually added to baby formula today to improve its functional 
qualities. Infant formula has been supplemented with oligosaccharides more often in 
recent years, primarily a combination of fructo and galacto-oligosaccharides (FOS) 
(GOS) and polydextrose [57]. Prebiotic functions have been reported to enhance 
immunity and resemble the bifidogenic action of HMOs [60]. Breastfed babies 
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have a predominance of Bifidobacterium and Lactobacillus in their feces. However, 
by producing organic acids, hence reducing the level of pH, Bifidobacterium and 
Lactobacillus may prevent the development of harmful microbes in the intestine. In 
addition, these gut microflorae emulate harmful microorganisms for resources and 
epithelial attachment sites [61]. Recent research on prebiotics in a formula examined 
if adding probiotics or prebiotic FOS to the milk-based formula would alter the fecal 
bacteria of babies compared to breastfed infants. On the other hand, the fortification 
of the GOS/FOS combination to newborn formula was shown to have an influencing 
impact on the proliferation of Bifidobacterium and the digestion characteristics of the 
whole GI microflora [57].

Moreover, 1,3-olein-2-palmitin (OPO), a triacylglycerol that may be produced 
from plant-based oil (palm oil) and added to baby formula, is the most prevalent 
in HM. OPO may smooth and boost the frequency of stools in newborns without 
causing diarrhea and raising the percentage of Bifidobacterium in feces. However, it 
is uncertain how prebiotics and OPO may affect feeding results comparable to breast 
milk [62].

6. Bioactive compounds

An increasing number of research indicates that the numerous components in 
human milk, referred to as functional or bioactive components, cause the short- and 
long-term advantages of breastfeeding [18, 46, 63]. These bioactive compounds 
include various components such as macronutrients, nucleotides, minerals, and Igs 
[64]. Due to the essential nutrients and bioactive components in HM that are lacking 
or not present in sufficient quantity in the newborn formula, ingesting human milk 
has more health advantages than feeding infant formula. Human milk is utilized as a 
model for potentially adding new bioactive compounds to baby formula. There is little 
proof that one baby formula is superior to another, and most commercially available 
infant formulas are nutritionally equivalent [3]. However, potential sources of such 
bioactive components must be investigated. They may be added to baby formulas in 
order to make them equal to the HM. Due to rigorous regulations on baby formula 
content in many nations, this is not a simple task [20]. Clinical studies in newborns 
are necessary to assess changes in nutritional content, but they are expensive and 
time-consuming. Including bioactive components necessitates that they are both safe 
and provide the recipient babies with clear advantages. The ingredients’ cost, quality, 
and origins will also impact whether it is practical to use them.

6.1 α-lactalbumin

In cow’s milk, just 3.5% of the total protein is α-lactalbumin (α-La), while it makes 
up 22% in HM. The homology of the amino acid patterns of BM and HM α-La is quite 
close (73.9%), and they both have a similar length [65]. Since it contains relatively 
large amounts of tryptophan (Trp) and cysteine (Cys), α-La has primarily been used 
to supplement baby formula. Bioactive peptides from α-La are a significant source 
and may impact GI health. The presence of Trp and Cys, which are thought to be the 
source of these advantages, is supported by evidence [20]. In addition to serving as a 
nutrient, α-La contains a unique calcium receptor and another for iron and zinc, mak-
ing it easier for the body to absorb [63]. By preventing pathogens from adhering to 
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the intestine because lactosamine, which is required for its adherence, is absent when 
α-La is lactosylated, it may reduce the risk of contamination. It has been anticipated 
that several peptides produced from α-La when it is digested will have biological 
effects [65]. Data comparing the development of breastfed and formula-fed (α-La 
enriched) newborns showed that children’s growth trends were identical. According 
to these clinical investigations, α-La, a source abundant in essential amino acids, may 
serve as an appropriate dietary component [20].

6.2 Lactoferrin

In different research studies, lactoferrin (LF) was initially discovered in cow’s 
milk and later from HM. Bovine lactoferrin (BLF), with a weight of 80 kDa and 
peptides that are quite comparable to those of human lactoferrin (HLF), has around 
70% sequence similarity [20]. LF has versatile components, which have a role in the 
immune system and as an anti-inflammatory. It is widely recognized that lactofer-
rin has iron-binding properties and is the first line of defense against microbial 
contamination. It is extraordinarily resistant to proteolytic enzymes, allowing it to 
perform all these activities [63]. Additionally, LF may have biological effects that are 
not caused by the interaction of its receptor. Similar bioactive characteristics exist in 
commercially added LF and HLF. It was discovered that the prevalence of respira-
tory infections dropped while hematocrit rose when LF was added to the newborn 
formula [66]. However, since BLF does not attach to HLF receptors, enhanced 
lactoferrin did not increase iron absorption. However, equivalent bioactivity has 
been shown in both in vitro and animal models, including improved growth, similar 
effects against a variety of pathogenic organisms, and antioxidant activity [21]. In 
research, formulas enhanced with BLF at levels comparable to those found in mature 
HM were given to healthy newborns to assess their development and tolerance [63]. 
The study found that breastfed newborns grew at the same rate as formula-fed 
infants. Nowadays, BLF is widely accessible and comparatively proteolysis resistant. 
In a previous research, commercial BLF was added to baby formula and investigated 
its outcomes comparing with HLF in an intestinal enterocyte model [20]. In addition, 
Similar to the HLF, market-available BLF has been demonstrated to enhance cell pro-
liferation. However, the findings revealed no appreciable impact on the microbiota of 
feces, pathogens, or iron status [63]. Synthesized LF sometimes contains lipopolysac-
charides, which likewise have a strong attraction for LF receptors and inhibit their 
roles as a bioactive compound. Studies conducted in vitro on the bioactivity of BLF 
without the presence of lipopolysaccharides produced encouraging findings [20].

6.3 Milk fat globule membrane

The milk fat globule membrane (MFGM) is made of lipids and proteins, which 
surround the fat globule released by the alveolar epithelial cells of humans and other 
animals [67]. MFGM and its components are a significant source of bioactive sub-
stances. Because of their nutritional, physiological, and health advantages, they have 
recently attracted the attention of nutritionists in baby feeding. In addition, clinical 
research studies on humans and animals have shown benefits for immunological and 
GI health and cognitive function [20]. A whey protein concentrate high in MFGM 
may thus aid in guarding against diarrhea of both bacterial and viral origin [68]. 
In addition, several proteins in MFGM have been demonstrated to have inhibitory 
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effects against different infections. Since the MFGM fraction is now marketed, it 
could be possible to include it in a newborn formula [69]. Clinical studies on MFGM 
are required to investigate impacts on essential outcomes in newborns because in 
vitro experiments have shown bioactivities and because the components of the 
bovine MFGM are comparable to those in human milk. In randomized controlled 
research in Peru, babies aged 6 to 8 months were given supplemental food contain-
ing bovine MFGM twice daily for six months. The incidence of diarrhea, especially 
bloody diarrhea, was shown to be lower [70]. Young babies were given MFGM-based 
or conventional formula from 6 weeks up to 6 months of age in a recent experiment 
in Sweden. Babies who had been breastfed were also used as a comparison group. 
However, results showed no difference in cognitive scores between the formula-fed 
and breastfed groups [71]. This implies that adding MFGM to baby formula may 
provide formula-fed babies with nutrients that assist brain development.

6.4 Polyunsaturated fatty acids

PUFAs have been introduced to baby formula to serve as bioactive components 
that promote eye and brain development. PUFAs like docosahexaenoic acid (DHA) 
and arachidonic acid (ARA), present in human milk, are crucial for forming the pro-
teins that make up plasma membranes [20]. Globally, human milk produced by moth-
ers is estimated to include an average amount of DHA and ARA of 0.32% and 0.47% 
of total fatty acids, respectively [72]. Due to the sluggish and ineffective elongation 
and desaturation processes, which result in a relatively low conversion rate, DHA and 
ARA are substituted for the formula’s corresponding n-6 and n-3 precursors. The 
membranes of the cells in the central nervous system and retina are structural compo-
nents made up entirely of DHA and ARA. While DHA builds up throughout the first 
few years of life, the infant’s brain must develop normally [73]. Together, DHA and 
ARA make up around 25% of the total fatty acids profile in the brain, and they are 
both essential for a baby’s neurological development [20]. Newborns who are breast-
fed or given formulas without PUFA supplements have lower amounts of DHA and 
ARA in plasma or red blood cells than infants fed formulas with PUFA supplements. 
Upper respiratory infections are less common in infants given formula supplemented 
with DHA and ARA. Compared to a baby formula containing ARA, the lack of ARA 
impacts circulating T lymphocytes, macrophages, and B cells activation markers. 
Clinical studies have been conducted to evaluate the effectiveness of adding DHA and 
ARA to infant formula [74]. Infants who consumed formulas lacking LCPUFAs had 
significantly lower concentrations of DHA and ARA in their plasma and red blood 
cells compared to breastfed infants [48]. These results were compared to those of 
babies who received formula with DHA and ARA, and it was found that they have 
a satisfactory amount of these LCPUFAs. Moreover, it has been demonstrated that 
breastfed infants have far higher quantities of DHA in their brains than newborns 
who are given formula.

7. Technology of infant formula production

Infant formula was first made using customized cow’s milk around the start of the 
20th century, but more modern formulas have come to closely resemble HM as a result 
of advances in our understanding of infant nutrition and production technology. 
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The amounts of essential nutrients are the primary distinctions between HM and BM. 
LCPUFAs and choline are crucial elements that must be included in formulas [3]. The 
sterilized combination of required ingredients is then homogenized and evaporated 
before spray-drying. Thermal processes, such as component rearrangement, may take 
place throughout any step of this process [75].

Using a ribbon blender, the raw and dried materials collected from the vendor 
are combined in bulk until the ingredients are evenly redistributed everywhere in 
the mixture. Next, the ingredients are sorted via a fine mesh to remove large and 
unwanted particles. The powder is subsequently moved from the screened material 
to the packing line, which is then shifted to a filler hopper [3]. After that mixture is 
fed further into the can-filling chamber from the filler hopper, noble gas is used to 
rinse the cans. The dry blending method has several benefits, one of which is that it 
consumes less energy and needs less financial investment for the infrastructure, the 
machinery, and the operation [76]. Because the powder-forming technique does not 
include the use of any water, the potential for microbial contamination is drastically 
reduced.

Currently, the wet mixing-spray drying procedure is the most commonly used 
technique for making powdered baby formula. One benefit of this drying method 
is that all quality parameters may be more successfully controlled than they can be 
with the dry mix method [77]. Water-soluble components are mixed with milk in a 
high-shear mixer before being added to the mixture. Once fully hydrated, the mixture 
is then kept in a tank. Minerals that may dissolve in water are incorporated into the 
blend after being individually hydrated in warm water. To add oil-soluble vitamins 
to the mixture, they must first be dissolved in oil [76]. Evaporation, which uses less 
energy than spray drying, is, therefore, a required stage in the water removal process. 
In vacuum evaporators, evaporation is always performed. As a result, the components 
are shielded from heat damage since the pressure is lowered, allowing boiling to occur 
at a lower temperature. A continuous multiple-effect evaporator, often of the tubular 
form, concentrates milk before it is dried [77]. The drying method is to blame for 
the variation in maximum concentrations that might occur during evaporation. Milk 
is often dried using a hot air stream or a roller dryer. Both systems need to have the 
application modified for industrial usage. Because roller-dried goods are less soluble 
in water, spray drying is often used for baby formula. A solution is sprayed into a 
compartment with heated air flowing within it in the form of tiny droplets according 
to the drying concept. Expanding the surface area enables quick mass transfer. Before 
being exposed to the hot air in the chamber, evaporated milk must first be divided 
into tiny droplets. Different types of drying chambers exist. They typically consist 
of a cylindrical cone that is tilted between 40 and 60°, allowing the powder to escape 
the chamber by gravity. Additionally, the bottoms of these compartments are flat so 
that suction or scraper devices may be added to remove the powder. There are certain 
spray drying chambers with fixed nozzles. For the comparatively big milk droplets 
to be released in counterflow to the drying air, they are utilized in low spray towers 
and are situated in a lower location inside the chamber. The milk is released from the 
stationary nozzle in the identical airflow direction. In the chamber, generally, the 
air temperature range is between 170 and 250° C, whereas the formula mixture has 
a temperature below 100° C. Due to the fast heat transfer caused by the temperature 
differential, quick and homogenized drying is accomplished. However, the drying 
procedure might be carried out in phases, with each step having a distinct time-tem-
perature profile to limit the destruction of delicate items, such as baby formula [77].
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8. Conclusion

In conclusion, baby formula is still undergoing modifications, and these changes 
often lead to products with properties and compositions that are more similar to those 
of human milk. New formula is also being created to satisfy the demands of newborns 
who have specific nutritional requirements. Data show that formulas with PUFAs 
added in quantities comparable to those in human milk may help the visual system’s 
development. According to many studies, bioactive compounds in formula promote 
the development of the immunological and gastrointestinal systems. According to 
multiple studies, catch-up growth was higher in newborns given this novel formula 
than in those fed regular term-infant formulas. Formulas for preterm infants are 
created to satisfy the demands of a population at risk of developing growth and 
nutritional deficits. The complex components of human milk and the unique dietary 
requirements of various groups of newborns will continue to be characterized by 
researchers via continuing investigations. It is necessary to conduct lengthy research 
with large newborn cohorts to ascertain if the biochemical effects of formula changes 
are related to functional results.
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Chapter 6

Infant Nutrition and Feeding in the 
First 2 Years of Life
Prince Kwabena Osei and Alex Kojo Anderson

Abstract

Infant feeding is the practice of feeding children who are below two years of age. 
The World Health Organization recommends that infants be exclusively breastfed for 
the first 6 months of life, followed by continued breastfeeding and gradual introduc-
tion of complementary foods. Breastfeeding is beneficial for both the mother and 
the infant. Breast milk is safe, sterile, and contains antibodies that protect infants 
against many childhood illnesses. In the US, infants who are not breastfed have a 
21% higher risk of post-neonatal infant mortality. It is recommended that mothers 
who cannot breastfeed exclusively feed their infants with breast milk for at least 
four months before introducing complementary foods. Infant formula cannot be an 
absolute substitute for human breast milk, and the use of infant formula must be the 
last option to feed infants if mothers cannot breastfeed. Although breast milk con-
tinues to be an important source of nutrition for growing infants, at six months and 
beyond breast milk becomes insufficient to provide all the nutrient needs of infants. 
Therefore, infants must be introduced to complementary foods in addition to breast 
milk. Complementary foods should provide sufficient energy, protein, essential fats, 
oils, and particularly, micronutrients to meet the nutritional needs of infants.

Keywords: breast milk, infant-formula, complementary-foods, exclusive, 
breastfeeding

1. Introduction

Infant feeding (IF) is the practice of feeding infants who are below two years of 
age [1]. The food choices parents/caregivers make for feeding infants could have both 
short and long-term health consequences on them [1, 2]. What we feed infants, when, 
and how they are fed during the first two years of their lives are essential for the 
 following reasons [3, 4]:

• Infants who are below two years of age are vulnerable to irreversible damage to 
brain formation that serves as a foundation for the development of cognitive, 
motor, and socio-emotional skills

• Infants are at risk of irreversible growth retardation
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• The risk of developing chronic diseases like cardiovascular diseases, diabetes, 
and other chronic diseases later in the life span is linked to infant nutrition in the 
early stages of the life cycle

• Infants are at risk of mortality from common childhood illnesses

This chapter reviews and presents knowledge from several scientific research 
studies and evidence on policies, programs, recommendations, and the challenges of 
infant nutrition at different stages of the first two years of life. The chapter provides 
the reader with an overview of the current situation of infant food choices from birth 
through two years of age. The chapter is divided into four different sections. The 
first section discusses prelacteal feeds and the health benefits of human breast milk 
and exclusive breastfeeding [5–7]. In the second section, the benefits of breastfeed-
ing and infant formula feeding are discussed and compared [8–11]. Under certain 
circumstances, women may not be able to breastfeed their newborns. Many myths are 
associated with the appropriate timelines to feed infants with breast milk and when to 
introduce complementary foods. The timelines and alternative food choices available 
to mothers for feeding their infants during complementary feeding are discussed in 
the third section [12–15]. Methods for the expression of breast milk are discussed in 
the fourth section [16].

1.1 Prelacteal feeds

Prelacteal feeds are substances (mixtures and concoctions) such as honey, sugar 
water, dates, herbal tea and concoction, and fruit juice, among others that are given 
to newborns before the onset of breastfeeding within 1 to 3 days after birth [5]. The 
practice of giving prelacteal feeds to newborns is more common in developing coun-
tries than in developed countries [5–7, 17, 18]. The most usual reasons for giving pre-
lacteal feeds are that newborns need them for their health and to fulfill traditional/
cultural norms and practices [19]. In addition, some mothers give prelacteal feeds 
because of delayed lactation. However, this practice is inappropriate and unhealthy 
because it could be a potential source of infection in newborns, thereby affecting 
their health [5]. When babies are born, their intestines are sterile, and the introduc-
tion of prelacteal feeds may be a source of harmful microorganisms that may hurt 
their health [20]. Furthermore, the initiation of exclusive breastfeeding could be 
affected negatively by the introduction of prelacteal feeds to newborns after deliv-
ery, and therefore they may not benefit from the full immunological benefits of 
colostrum [5, 21]. More so, the early introduction of prelacteal feeds could lead to 
poor feeding of infants and increased risk of mortality [7]. For example, prelacteal 
feeding accounted for 45% of neonatal mortality, 30% of diarrheal mortality, and 
18% of acute respiratory deaths globally [4]. Currently, the practice of prelacteal 
feeding is a predominant problem in low- and middle-income countries in Africa 
and Asia [19].

1.2 The human breast milk

1.2.1 Lactation

During pregnancy, between weeks 16 and 22, the production of breast milk begins 
in the mammary gland in the breasts [22, 23]. The process of producing and releasing 
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milk from the breast is called lactation [24]. Lactation is controlled by two main 
hormones; prolactin and oxytocin [23]. The functions and sources of stimulation for 
the release of these hormones are listed in Table 1 [23]:

1.2.2 Colostrum

The first milk that is produced in the breast after birth is called colostrum and it 
typically lasts up to 5 days [23, 24]. Colostrum must be a newborn’s first food after 
delivery [23]. It is thick and yellowish milk high in calories, essential nutrients, and 
antibodies [25]. Lactoferrin is a primary protein in colostrum and has antimicrobial 
activity [21]. In many societies, it is perceived that colostrum is dirty and contains 
germs or diseases because of its yellowish color [26]. This is untrue. Rather colostrum 
is rich in energy and several nutrients that are important for the health of newborn 
babies in their early days [26]. The health benefits of colostrum for newborn babies 
are listed below [22–24, 27]:

• The yellowish color of colostrum is due to the high carotene content. Carotene 
functions as an antioxidant to protect the newborn against inflammation

• Colostrum is rich in immunoglobulins that are involved in building the immune 
system of the newborn against infections

• It contains special protein compounds like κ-casein, α-lactalbumin, lactoferrin, 
haptocorrin, and lysozyme that fight against infections

• Colostrum contains enzymes like Bile Salt Stimulated Lipase (BSSL), which 
allows for effective lipid digestibility, and better utilization of triglycerides, 
cholesterol, and fat-soluble vitamins

• It contains growth factors that promote growth and development

• Colostrum functions as a laxative to facilitate the defecation of a newborn’s first 
stool, known as meconium, which aids the preparation of the newborn’s gastro-
intestinal tract for mature breast milk

• Colostrum is high in energy and contains all the essential nutrients required for 
the growth of infants in the early days after birth

Following colostrum comes transitional milk which is much thinner and whiter 
than colostrum [1, 23]. It provides the baby with more calories and typically lasts 
for a few days after colostrum [21]. Mature breast milk is usually produced from the 

Hormone Stimulation Function

Prolactin Suckling, stress, & sleep Promotes milk production

Oxytocin Suckling or nipple stimulation Promotes the ejection of milk from the milk 
gland

Table 1. 
Hormonal control of lactation.



Infant Nutrition and Feeding

88

10th day and is the type of milk that would be produced to feed infants until they are 
weaned from their mother’s milk [24].

1.2.3 Mature human breast milk

The production of mature breast milk continues as long as the mother is comfort-
able with breastfeeding, nurses the infant or expresses her milk, and it is important to 
mention that infants do not need any other source of nutrition apart from breastmilk, 
from when they are born until they are six months old [28]. Breast milk is the ideal food 
for the growth and development of infants [1]. It is made up of approximately 87% water, 
1% protein, 4% lipid, and 7% carbohydrate, in addition to many minerals like calcium, 
phosphorus, magnesium, potassium, sodium, and vitamins [24]. The nutritional com-
position of breast milk is dynamic and changes within a feed, time of the day, and as an 
infant grows [29]. Breast milk contains two types of proteins: whey and casein [22, 30]. 
Over time, the ratio of casein and whey proteins changes [29]. Whey is high in immuno-
globulins and easier to digest, whereas casein helps babies feel full longer [30]. Human 
milk is more than food and cannot be substituted with any other infant foods because it 
contains immune factors that cannot be found in other foods like infant formula [10, 31]. 
The following are the main benefits of breast milk for infants:

• Breast milk is safe, and sterile and provides all the energy and nutrients required 
by infants for the first six months of their lives for optimal growth [1]. In addition, 
breast milk provides up to half or more of a child’s nutritional needs during the 
second half of the first year, and up to one-third during the second year of life [29]

• Breast milk contains antibodies that protect infants against many childhood 
illnesses and breastfed infants are more likely to have fewer cases of colds and 
other infections than infants who are not breastfed [25]

• Research has shown that breastfed infants are less likely to become obese later in 
life because formula-fed infants usually have a higher calorie intake than infants 
who are fed breast milk [10, 32]
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• Breast milk is easier for infants to digest and this helps to prevent diarrheal 
diseases as well as allergenic and autoimmune responses [21].

• Breastmilk helps reduce the incidence of infant mortality. Infants who are not 
breastfed have a 21% risk of post-neonatal infant mortality [4].

• Children who are not breastfed and fed with infant formula without docosahexae-
noic acid/arachidonic acid supplementation are likely to develop autism [11].

1.3 Exclusive breastfeeding

When babies are born, mothers must be supported by lactation support groups 
and professionals, Baby-Friendly Hospital, and breastfeeding education and resources 
to help initiate breastfeeding [3, 31]. Mothers must also be supported to have safe 
sleep practices [33]. Exclusive breastfeeding is the practice of giving only breast milk 
to infants as the sole source of nourishment until they are six months old, except for 
medications or vitamin and mineral supplements when there is a need [3, 34]. The 
World Health Organization (WHO) recommends that infants be exclusively breastfed 
until approximately six months of age, followed by continued breastfeeding and 
gradual introduction of complementary foods [4]. Breastfeeding is recommended 
to continue until a baby is at least 2 years old, and beyond, as long as it’s mutually 
desired by the mother and infant [3]. Breastfeeding offers myriad of benefits for 
mothers including:

• Reducing the risk of cancers like breast cancer, ovarian cancer, and endometrial 
cancer [9].

• Improves cardiovascular health and prevents diseases like high blood pressure 
and high cholesterol [9].

• Mothers who breastfeed recover faster from childbirth [29].

• Breastfeeding produces the hormone oxytocin that aids the contraction of the 
uterus to return to its normal size [29].

• It increases both physical and emotional bonding between mother and baby [9].

• It helps to promote weight loss [35].

1.3.1 Factors affecting exclusive breastfeeding

Many factors are associated with the discontinuation of exclusive breastfeeding by 
mothers before six months [9]. Studies have shown that mothers with early breast-
feeding difficulties are more likely to discontinue exclusive breastfeeding, and the 
commonest reason for the inability of many mothers to exclusively breastfeed their 
infants is insufficient milk production [36, 37]. Some mothers also believe that breast 
milk is never sufficient to meet the nutritional needs of their infants [37]. Others 
discontinue breastfeeding due to busy work schedules, the illness of the infant, or 
the mother [37]. Hence, despite the enormous benefits of exclusive breastfeeding to 
both infants and their mothers, studies have shown that many mothers are unable to 
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feed their infants exclusively [9]. Globally, only 40% of infants aged 0–6 months are 
exclusively breastfed [9]. In the US, the breastfeeding initiation rate is approximately 
84% [38]. However, the rate drops drastically by 6 months of age to 57% and by one 
year, only 35% of infants receive breast milk [38]. Despite these challenges, mothers 
could be supported to exclusively breastfeed their infants. Mothers must be educated 
about the importance of breast milk and exclusive breastfeeding. They must be sup-
ported by families, peers, and any other support groups that can empower them to 
feed their infants exclusively [4, 37, 38].

1.4 Overcoming breastfeeding problems

It is not uncommon for some mothers to experience some physiological challenges in 
their pursuit to feed their infants with breast milk [39]. For instance, after the delivery 
of a newborn, it is normal for a mother’s breast to become heavy and tender [40]. 
However, this could lead to engorgement if the milk is not adequately removed, which is 
associated with severe pain and discomfort [40, 41]. Some infants may bite the nipples 
of their mother when they start teething and this could lead to sores on the nipples and 
in some cases, mastitis, which is the inflammation of breast tissues may occur [42]. 
Details of some of these physiological breastfeeding problems are discussed below:

1.4.1 Nipple soreness

For many mothers, there is no clear cause of nipple soreness. However, factors 
such as improper feeding techniques and lack of proper care of nipples [40]. Also, 
some infants often bite on the nipples of their mothers when they start teething [43]. 
For such infants, giving something cold and wet to chew on a few minutes before 
breastfeeding can help avoid this problem [43].

1.4.2 Breast engorgement

The gradual buildup of blood and milk in the breast a few days after birth without 
the milk being removed could lead to breast engorgement [41]. When a breast is 
engorged, it becomes swollen, hardened, and very painful [41]. The nipple may not 
stick out well to allow the infant to latch on it correctly [40]. To prevent engorgement, 
mothers must relax in a comfortable position when breastfeeding [43]. Mothers must 
also try to feed their infants more often or express their breast milk manually or with 
a breast pump [43]. Discomfort that comes with breast engorgement could be allevi-
ated by taking warm showers and applying warm compresses on the breast [43].

1.4.3 Clogged milk duct

The milk duct can become plugged when breast milk is not completely drained 
from the breasts in successive breastfeeding sessions [40]. This could happen if the 
infant does not feed regularly or the mother skips feeding [40]. To remove the plug, 
the milk duct area can be massaged by putting gentle pressure [40].

1.4.4 Mastitis

This condition usually occurs within the first 12 weeks after birth [42]. It occurs 
when there is either the obstruction of the breast milk ducts, nipple cracks or there is 
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infection by microorganisms like Escherichia coli, streptococci, and staphylococci [42]. 
Breasts become reddish, and tender, and mothers could develop fever [43]. To prevent 
mastitis, the breasts must be emptied with the appropriate breastfeeding technique 
[43]. Also, if pain becomes unbearable, the mother will need to be evaluated by an 
International Board-Certified Lactation Consultant (IBCLC or a physician).

1.5 When should a baby or a mother not breastfeed

Although breastfeeding is recommended as the optimal nutrition for the infant, it 
is a personal choice and if a mother is not comfortable with it or has medical contrain-
dications, may choose not to breastfeed [9]. However, under the circumstances listed 
below, mothers and newborns may be advised not to breastfeed [3, 9, 42, 44]:

• Mother has HIV infection and AIDS

• Mother has active tuberculosis

• Mother has T-cell leukemia or any other cancer and is receiving chemotherapy

• Mother is a drug addict or heavy user of alcohol

• Mother is exposed to environmental pollutants

• Infant has galactosemia and cannot metabolize lactose

2. Infant formula feeding

Although infant formula has an important role in infant feeding, it cannot be said 
to be an absolute substitute for breast milk, and the use of infant formula must be the 
last option to feed infants in early life if mothers cannot breastfeed [1, 10]. Extensive 
evidence has shown that human breast milk contains many bioactive compounds and 
substances that support the building of the immune system and brain development 
of infants which cannot be found in infant formula and other human milk substitutes 
[45]. Infant formula processing companies only try to mimic the composition of 
human breast milk hence, the health benefits of breast milk cannot be equated to 
infant formula [10, 25, 45]. It is recommended that mothers who cannot do exclusive 
breastfeeding feed their infants breast milk for at least four months before introduc-
ing infant formula [4, 9]. However, if mothers cannot breastfeed their infants, they 
are advised to use infant formula and other appropriate human milk substitutes, 
which are mainly intended to be an effective substitute for breast milk [45].

2.1 Types of infant formula

There are three main categories of infant formulas. These are cow milk-based for-
mula, soy-based formula, and specialized formula [45]. The distinctions between these 
types of formulas are in terms of nutrition, energy content, taste, the bioavailability of 
nutrients, and cost [45]. The cow milk-based formula is the commonest type of formula 
for feeding most infants in many countries [46]. Raw cow’s milk naturally contains high 
amounts of fats, minerals, and protein compared to human breast milk [47]. Hence, in 
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the processing of cow milk-based formulas, the nutrients in raw cow’s milk are diluted 
to levels similar to that of human breast milk [46]. Soy-based formulas are produced 
from soy milk and are usually intended to be given to infants with galactosemia or 
congenital lactase deficiency [45]. Due to soy allergies, it is recommended that mothers 
pay attention to signs of soy allergies like skin rashes and diarrhea during the introduc-
tion of soy-based formulas, especially to infants who are less than six months old [45]. 
Specialized formulas are mainly synthesized from protein hydrolysate and amino acids 
and are intended for infants who cannot tolerate cow’s milk or soy-based formulas 
[46]. Finally, there is no brand of infant formula that is best for all infants. Only infant 
formula specifically made for infants within a certain age category must be selected for 
feeding infants, and the infant formula selected must meet the FDA standards regarding 
the nutritional composition of the type of formula [27]. The health benefits of human 
breast milk over infant formulas are summarized in Table 2 [4, 9, 22, 27, 29].

2.2 Complementary feeding and infant food choices

At six months of age, breastmilk continues to be an important source of nutrition 
but is insufficient to provide all the nutrient needs of infants [4]. Therefore, infants 
must be introduced to other foods in addition to breastmilk, to keep up with their 
growing needs for energy and nutrients. This process of introducing other foods is 
called complementary feeding [13]. Complementary feeding must begin after six 
months when breast milk alone is no longer enough to meet all the nutritional needs of 
infants, and therefore other sources of food are needed [3]. The American Academy of 
Pediatrics and the World Health Organization recommend introducing complementary 
foods at approximately 6 months of age [4, 48]. The introduction of complementary 
foods before 4 months of age may be too early for many health reasons [49]. Firstly, 
infants at this time are not developmentally ready for solid complementary foods 
[1, 48, 49]. The gut of an infant is more permeable at this stage and gastrointestinal 

Nutrient 
factor

Breast milk Infant formula

Carbohydrates Rich in lactose and oligosaccharides Some formulas do not have lactose and 
oligosaccharides

Fats & oils Rich in omega 3 and cholesterolAll fats and 
oils are highly digestible and absorbed.Milk 
composition is adjusted to the infant’s 
needs.

No DHADigestion and absorption are 
usually not incompleteMilk composition 
cannot be adjusted to the infant’s needs.

Proteins Soft easily digestible whey protein.Contains 
growth factorsLactoferrin for intestinal 
health, lysozyme

Casein proteins are hard to digest.No 
growth factorsNo Lactoferrin and 
lysozyme

Minerals Iron, zinc, and calcium are better absorbed Iron, zinc, and calcium are not well 
absorbed

Immune 
boosters

Contains White Blood Cells No live White Blood Cells

Enzymes and 
hormones

Rich in digestive enzymes and hormones No digestive enzymes and hormones

Table 2. 
Comparison of breast milk and infant formula.



93

Infant Nutrition and Feeding in the First 2 Years of Life
DOI: http://dx.doi.org/10.5772/intechopen.110425

colonization of microflora is not fully established [50]. Also, infants may be infected 
and suffer from respiratory and diarrheal illnesses because their immune system is still 
developing [49]. More so, the early introduction of complementary foods could put 
undue stress on many of the developing internal organs of infants such as the immature 
renal and digestive systems [49]. Infants could also develop food allergies [13]. Lastly, 
infants who are introduced to complementary foods early are unlikely to be fed suf-
ficient amounts of breastmilk which is the ideal food for infants until six months old 
[13]. Furthermore, many infants are at high risk of undernutrition after six months 
of age [3]. This is because feeding infants at this age with the right foods in the right 
amounts could be a challenge for many mothers [37]. Studies have shown that infants 
after six months are highly at risk of stunting, being underweight, and wasting, as well 
as food-borne illnesses [1, 3, 4, 51]. Hence, the World Health Organization recommends 
complementary feeding must be timely, adequate, safe, and properly fed [3, 4]. That is, 
complementary foods must provide sufficient energy, protein, and micronutrients to 
meet the nutritional needs of infants, they must be hygienically prepared and stored, 
and fed with kempt hands using clean feeding utensils including feeding bottles.

2.3 Complementary food consistency, frequency, and energy density

Generally, the majority of infants after 6 months should be able to eat pureed, 
mashed, and semi-solid foods [4, 13]. The consistency and different varieties of 
complementary foods must be increased gradually for infants as they get older 
[13]. At eight months, most infants have to be able to eat snacks (including finger 
foods) alone and by 12 months, many infants can eat the same kinds of foods as 
the rest of the family [4]. Foods such as nuts, grapes, or raw carrots should not be 
fed to infants younger than 12 months because they could result in the choking of 
the trachea [14]. Moreover, the number of times infants are fed complementary 
foods must be gradually increased as they get older. The energy density and nutri-
ent content of the complementary food must determine the frequency at which 
infants are fed, as well as the amounts infants, can consume at each feeding [14]. 
To begin complementary feeding, it is recommended to start feeding infants with 
semi-solid and solid foods at least 2–3 times per day between 6 and 8 months and 
moderately increase the frequency to 3–4 times daily after 8 months [4, 13]. It is 
important to feed infants with complementary foods that are nutrient dense like 
whole grains, meat, poultry, fish, eggs, and dairy products [12]. Frequent feeding 
may be required if the energy density and the nutrient content of complementary 
foods per meal are low to meet nutrient needs for growth and development [14].

2.4 Hygienic and safe practices during complementary feeding

Complementary foods that are prepared under unhygienic conditions can make 
foods microbiologically unsafe to feed to the infant [15, 52]. Foods that are contami-
nated with microorganisms are harmful to feeding infants, especially when they 
are <2 years old because infants who are within these ages tend to have immature 
immune systems and are highly vulnerable to microbial infections [52, 53]. Poor food 
hygiene practice is one of the main causes of childhood diarrhea and studies have 
shown that about 88% of infant deaths are due to poor sanitation, poor personal 
hygiene, and unsafe water supplies in developing countries [52, 54]. More so, inad-
equate cleaning of eating utensils, improper storage of complementary foods after 
preparation, lack of knowledge about safe food handling, and poor environmental 



Infant Nutrition and Feeding

94

sanitation are major contributory factors to foodborne illnesses among infants [2, 4, 
52, 55, 56]. Nonetheless, honey and honey-related foods are potential sources of the 
pathogenic bacteria (Clostridium botulinum) that cause botulism [57]. Therefore, 
these foods must not be introduced to infants until they are over 2 years old because 
the immune system of infants may not be fully developed to fight pathogenic bacteria 
[57]. Lastly, the following food safety and sanitary guidelines must be followed about 
handling complementary foods to prevent the risk of foodborne illnesses [2, 4, 56]:

• Before feeding infants, mothers and caregivers must properly wash their hands 
and that of their infants with soap and water

• Eating utensils must thoroughly be cleaned with soap and water before use dur-
ing the preparation of complementary foods for infants

• Bottles that are difficult to clean must not be used to feed infants because they 
could harbor dirt/microbes that might be a potential source of contamination

• Complementary foods to be fed to infants later must be stored in either a refrig-
erator or freezer immediately after preparation

• Refrigerated or frozen complementary foods should be thawed and properly 
warmed/cooked to the right temperature before feeding to infants

• Leftover meals from eating episodes should be discarded and must not be kept to 
feed infants at a later time

2.5 Food allergy and complementary feeding

According to the American Academy of Pediatrics Committee on Nutrition guidelines 
for the introduction of complementary foods, mothers with a family history of food 
allergies from eggs, milk, peanuts, soy, and shellfish must delay the introduction of any 
of these foods to their infants [50, 58]. For infants at risk of milk allergy, dairy products 
must only be given after the first year of life [58]. For allergies to eggs, peanuts, soy, and 
shellfish, these foods must not be given to infants until they are two years of age [50]. In 
addition, to be able to identify potential food allergies, it is recommended that single-
ingredient foods be given to infants first in the early stages of complementary feeding [13].

2.6 Expression of breast milk

In the past few decades, breast milk expression was used mainly as a means to 
feed preterm and sick babies [59]. However, breast milk expression has become more 
of a norm in many societies for mothers because of convenience and the need for 
mothers to return to work after delivery [59]. Currently, breast milk expression forms 
an essential part of breastfeeding behavior among mothers, especially in developed 
countries [60]. In addition, the expression of breast milk has become a useful alterna-
tive for mothers to feed their babies with breast milk when direct breastfeeding is not 
possible, thereby allowing mothers to continue feeding their infants with breast milk 
[59]. Breast milk can be expressed in two main ways, either by hand expression or by 
the use of pumps [61]. In the first few days after birth, hand expression may be used 
to initiate milk production by the stimulation of the breast with the bare hand [61]. 
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Studies have shown that breast milk expression by hand is more effective at enhancing 
milk production and increasing the duration of breastfeeding [61]. Breast pump plays 
an important role in breast milk expression and the continuation of breastfeeding 
among working mothers [62]. There are three main types of breast pumps and these 
are manual, battery, and electric pumps [63]. A manual breast pump requires the 
use of the hand to manually operate a pump to remove milk from the breast into a 
receptacle, but the battery and electric operated pumps respectively require battery 
and electricity as sources of power to extract breast milk from the breast. The selection 
of a particular type of pump for breast milk expression is dependent on factors such 
as time, cost, the volume of milk required and accessibility to power [63]. The battery 
and electric pumps work faster than the manual pump and are more suitable for moth-
ers who have busy work schedules. A manual pump is also cheaper and easier to oper-
ate although it is not as efficient as an electric pump [63]. The following recommended 
guidelines for the expression of breast milk and storage are intended to maintain the 
safety and quality of breast milk after expression [60, 63, 64]:

• Properly wash hands with soap and water before expressing milk. Hand sanitiz-
ers may be used if soaps and water are unavailable

• Clean breast pumps thoroughly with soap and water before use for milk expres-
sion. If expressing by hand, the receptacle to collect the breast milk must be well 
cleaned

• Ensure that the contact surfaces of the areas where the milk expression is to be 
carried out are cleaned

• Clean all utensils and breast pumps with soap and water immediately after use

• Store breast milk at the appropriate refrigerator or freezer temperature as soon as 
milk expression is completed

2.7 Methods of breast milk expression

2.7.1 Hand expression

Hand expression of breast milk is a technique where the hands are used instead of 
infants or breast pumps to extract milk out of the breasts into a container. Expressing 
breast milk by hand is an essential skill that lactating mothers must learn because it 
has the following benefits [61, 65]:

• It can be used to get colostrum out of the breast quickly to feed newborns who 
may be unable to suckle the breast in the early days after delivery or those who 
are not able to have effective latch.

• Hand expression stimulates milk production and studies have shown that expres-
sion of breast milk by hand is more effective at helping to establish milk supply 
within the 24 hours after birth than expression by breast pumps.

• Expression of breast milk by hand facilitates easy emptying of the breasts and 
this aids the prevention of engorgement and mastitis.
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• Mothers who practice hand expression are more comfortable and confident 
about breastfeeding their infants.

• Hand expression requires no special device; it is cheaper, convenient, and easier 
to express breast milk by hand.

2.7.1.1 Procedure for hand expression

• The right thumb should be positioned above the left nipple with the four fingers 
below the nipple at about 1 to 2 inches behind the nipple. The thumb and the 
fingers must make a C – shape at this point.

• The thumb and fingers must be pressed and gently squeezed together back towards 
the chest.

• The procedure ought to be repeated in a rhythmic pattern by pressing, gently 
squeezing, and releasing the thumb and fingers until the milk flow stops.

• The same procedure should be repeated for the right breast by using the left 
thumb and fingers [66].

2.7.2 Breast pumps

Breast pumps are considered as medical devices that are used to facilitate the 
suction of breast milk in order to maintain or increase milk supply [16]. A typical 
breast pump is made up of a breast shield, pump, and milk receptacle [16]. The breast 
shield is the cone-shaped cup that fits over the nipple and the area around the areola. 
The pump creates a vacuum that pulls milk out of the breast. The milk receptacle is 
a detachable container that fits beneath the breast shield and receives breast milk 
simultaneously as it is being pumped.
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2.7.2.1 Manual breast pumps

These pumps are operated by hand and require the user to manually squeeze a 
lever consistently to create a vacuum on the breast to express milk [16]. Manual breast 
pumps are cheaper and can be used without electricity or battery [16]. The choice 
to use a manual breast pump has the following downside to it [63]. First, the use of 
manual pump is time-consuming and requires a lot of manual work. Manual pump 
is not as efficient as an electric or battery-operated breast pump due to its limited 
suction capability. The creation of a regular pumping rhythm is difficult when using a 
manual pump [16, 61].

2.7.2.2 Battery breast pumps

These pumps operate on battery for milk expression from the breast and there are 
two models of these pumps: single and double models [61]. The single model is used 
to express milk from one breast at a time and the double model is used to express milk 
from both breasts synchronously. Also, there are wireless breast pumps that allow for 
hands-free pumping [16]. Battery pumps are ideal for traveling mothers who may not 
have access to an electrical outlet [16]. The following downsides are associated with 
the use of battery-operated pumps. Battery pumps are relatively expensive compared 
to manual pumps. Although they are efficient at suction, their capacity may be limited 
depending on the amount of milk to be expressed. The intermittent charging of bat-
teries may be inconvenient, and some batteries may not last for longer hours [16, 61].

2.7.2.3 Electric breast pumps

Electric breast pumps are motorized pumps that create suction to draw milk from the 
breasts and they are the most efficient breast pumps with the most output of milk expres-
sion [67]. They also come in different models that can either express milk from one breast 
or both breasts at the same time [67]. The choice to use an electric breast pump has the 
following downsides to it. Electric pumps are comparatively more expensive than manual 
and battery-operated pumps. The use of electric pumps may be accompanied with 
discomfort, pain, and soreness if the suction intensity is not regulated properly [65, 67].

2.8 Conclusion

The practice of giving prelacteal feeds such as honey, sugar water, dates, herbal 
tea, and fruit juice to newborn babies within 1 to 3 days after birth is more common 
among many cultures in developing countries than in developed countries. This prac-
tice is inappropriate because it could be a potential source of infection in newborns, 
and it could also lead to poor feeding of infants accompanied with many health conse-
quences. The human breast milk is the best food for infants because it is safe, sterile, 
contains antibodies that protect babies against many childhood illnesses, and has all 
the nutrients infants need for their growth and development in the first six months of 
life. Breastfeeding is beneficial for both mothers and their infants. Also, breastfeeding 
helps to build strong emotional bond between mothers and their infants. Although 
breast milk continues to be an important source of nutrition for growing infants, at 
six months and beyond breast milk alone becomes inadequate to provide all the nutri-
ent needs of infants. Therefore, infants must be introduced to complementary foods 
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in addition to breast milk. Complementary foods must provide sufficient energy, 
protein, essential fats, and particularly, micronutrients to meet the nutritional needs 
of infants. During the introduction of complementary foods, mothers with a family 
history of food allergies must delay the introduction of any potential allergenic food 
to their infants until they are two years of age. One of the reasons why some mothers 
discontinue breastfeeding is because of busy work schedules. Therefore, the expres-
sion of breast milk has become a useful alternative for mothers to feed their infants 
breast milk when direct breastfeeding is not possible. Breast milk can be expressed in 
two main ways, either by hand expression or by the use of breast pumps.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Infant Nutrition and Feeding in the First 2 Years of Life
DOI: http://dx.doi.org/10.5772/intechopen.110425

99

[1] McAndrew F et al. Infant Feeding 
Survey. Leeds: Health and Social Care 
Information Centre; 2010, 2012

[2] Stuebe A, Schwarz E. The risks and 
benefits of infant feeding practices for 
women and their children. Journal of 
Perinatology. 2010;30(3):155-162

[3] World Health Organization. Global 
Nutrition Policy Review 2016-2017: 
Country Progress in Creating Enabling 
Policy Environments for Promoting 
Healthy Diets and Nutrition. WHO 
IRIS, Geneva, ID: who-275990; 2018. 
pp. 111-114

[4] World Health Organization. Infant 
and Young Child Feeding: Model Chapter 
for Textbooks for Medical Students and 
Allied Health Professionals. Geneva: 
WHO Press; 2009. pp. 10-26

[5] Nguyen P et al. Prelacteal and early 
formula feeding increase risk of infant 
hospitalisation: A prospective cohort 
study. Archives of Disease in Childhood. 
2020;105(2):122-126

[6] Temesgen H et al. Prelacteal feeding 
and associated factors in Ethiopia: 
Systematic review and meta-analysis. 
International Breastfeeding Journal. 
2018;13(1):1-12

[7] Berde AS et al. Determinants of 
pre-lacteal feeding practices in urban 
and rural Nigeria; a population-based 
cross-sectional study using the 2013 
Nigeria demographic and health 
survey data. African Health Sciences. 
2017;17(3):690-699

[8] Camps G et al. Gastric emptying 
and Intragastric behavior of breast 
Milk and infant formula in lactating 
mothers. The Journal of Nutrition. 
2021;151(12):3718-3724

[9] Victora CG et al. Breastfeeding in the 
21st century: Epidemiology, mechanisms, 
and lifelong effect. The Lancet. 
2016;387(10017):475-490

[10] Packard V. Human Milk and Infant 
Formula. New York: Elsevier, Academic 
Press INC.; 2012. pp. 140-198

[11] Schultz ST et al. Breastfeeding, infant 
formula supplementation, and autistic 
disorder: The results of a parent survey. 
International Breastfeeding Journal. 
2006;1(1):1-7

[12] Agostoni C, Przyrembel H. The 
timing of introduction of complementary 
foods and later health. Evidence-
Based Research in Pediatric Nutrition. 
2013;108:63-70

[13] West C. Introduction of 
complementary foods to infants. 
Annals of Nutrition and Metabolism. 
2017;70(Suppl. 2):47-54

[14] Chiang KV et al. Timing of 
introduction of complementary 
foods—United States, 2016-2018. 
Morbidity and Mortality Weekly Report. 
2020;69(47):1787

[15] Samady W et al. Recommendations 
on complementary food 
introduction among pediatric 
practitioners. JAMA Network Open. 
2020;3(8):e2013070-e2013070

[16] Eglash A, Malloy ML. Breastmilk 
expression and breast pump technology. 
Clinical Obstetrics and Gynecology. 
2015;58(4):855-867

[17] Tariku A et al. Factors associated  
with prelacteal feeding in the rural 
population of Northwest Ethiopia: 
A community cross-sectional study. 

References



Infant Nutrition and Feeding

100

International Breastfeeding Journal. 
2016;11(1):1-7

[18] Pirzada S et al. Use of PRELACTEAL 
feeds-study IN tradition. Pakistan 
Armed Forces Medical Journal (PAFMJ). 
2021;71(5):1718-1721

[19] Ogundele T, Ogundele OA, 
Adegoke AI. Determinants of prelacteal 
feeding practices among mothers of 
children aged less than 24 months in 
Ile-Ife Southwest Nigeria: A community 
cross-sectional study. The Pan African 
Medical Journal. 2019;34:1-6. DOI: 10.116
04%2Fpamj.2019.34.172.17642

[20] Sako S. Prelacteal feeding practice 
and associated factors among mothers 
of children less than two years of age in 
Ethiopia: A multilevel analysis. Heliyon. 
2022;8(4):e09339

[21] Кісельова М et al. Breastfeeding 
is the-“Gold Standard” old experience 
and new scientifically proven benefits. 
Неонатологія, хірургія та перинатальна 
медицина. 2022;12(2):53

[22] Shamir R. The benefits of breast 
feeding. Protein in Neonatal and Infant 
Nutrition: Recent Updates. 2016;86:67-76

[23] Lawrence RA. 3-Physiology of 
lactation. In: Breastfeeding 9th edition, 
A Guide for the Medical Profession. 
Elsevier INC; 2022. pp. 58-92

[24] Boquien C-Y. Human milk: An ideal 
food for nutrition of preterm newborn. 
Frontiers in Pediatrics. 2018;6:295

[25] Ríos J, Valero-Jara V, Thomas-V 
aldés S. Phytochemicals in breast milk 
and their benefits for infants. Critical 
Reviews in Food Science and Nutrition. 
2022;62(25):6821-6836

[26] Nembongwe G et al. Beliefs, 
attitudes and practices of mothers 

towards breastfeeding colostrum and 
factors associated: Case of the Yaounde 
Gynaeco-obstetric and Pediatric hospital. 
Journal of Food Science Nutrition. 
2022;8(130):2

[27] Andreas NJ, Kampmann B, 
Le-Doare KM. Human breast milk: 
A review on its composition and 
bioactivity. Early Human Development. 
2015;91(11):629-635

[28] Breastfeeding, S.o et al. Breastfeeding 
and the use of human milk. Pediatrics. 
2012;129(3):e827-e841

[29] Kordus A. The Benefits of 
Breastfeeding. 2014

[30] Riordan J, Wambach K. 
Breastfeeding and Human Lactation. 
4th ed. Massachusetts: Jones & Bartlett 
Publishers; 2010. pp. 215-296

[31] Robbins ST, Beker LT. Infant 
Feedings: Guidelines for Preparation of 
Formula and Breastmilk in Health Care 
Facilities. American Dietetic Association. 
Pediatrics Nutrition Practice group 
Publishers; 2004. pp. 37-42

[32] Hester SN et al. Is the macronutrient 
intake of formula-fed infants greater 
than breast-fed infants in early infancy? 
Journal of Nutrition and Metabolism. 
2012;2012:1-13. Article ID 891201. 
DOI: 10.1155/2012/891201

[33] Salm Ward TC, Kanu FA, 
Anderson AK. Trends and factors 
associated with breastfeeding and infant 
sleep practices in Georgia. Journal of 
Community Health. 2018;43(3):496-507

[34] Busch DW, Logan K,  
Wilkinson A. Clinical practice 
breastfeeding recommendations for 
primary care: Applying a tri-core 
breastfeeding conceptual model. 
Journal of Pediatric Health Care. 
2014;28(6):486-496



Infant Nutrition and Feeding in the First 2 Years of Life
DOI: http://dx.doi.org/10.5772/intechopen.110425

101

[35] Hatsu IE, McDougald DM, 
Anderson AK. Effect of infant feeding 
on maternal body composition. 
International Breastfeeding Journal. 
2008;3(1):1-8

[36] Tengku Alina TI, Wan Manan WM, 
Mohd Isa B. Factors predicting early 
discontinuation of exclusive 
breastfeeding among women in 
Kelantan, Malaysia. Health and the 
Environment Journal. 2013;4(1):42-54

[37] Yaqub A, Gul S. Reasons for failure 
of exclusive breastfeeding in children 
less than six months of age. Journal 
of Ayub Medical College Abbottabad. 
2013;25(1-2):165-167

[38] Tomori C. Overcoming barriers to 
breastfeeding. Best Practice & Research 
Clinical Obstetrics & Gynaecology.  
2022;83:60-71. DOI: 10.1016/j.
bpobgyn.2022.01.010

[39] Powell R, Davis M, Anderson AK.  
A qualitative look into mother’s 
breastfeeding experiences. Journal of 
Neonatal Nursing. 2014;20(6):259-265

[40] Scadden J. Breastfeeding and 
Lactation Consulting. Fay W. Whitney 
School of Nursing, University of 
Wyoming, Honors Capstone Project. 
2022. pp. 9-15

[41] Çaka SY, Topal S, Altınkaynak S. 
Anne sütü ile beslenmede karşılaşılan 
sorunlar. Journal of Pediatric Nursing-
Special Topics. 2017;3(2):120-128

[42] Özhüner Y, Özerdoğan N. Breast 
problems related to breastfeeding and 
alternative approaches to the solutions. 
1st ed. No: 47083. Current Research in 
Health Sciences, Gece Publishing; 2022. 
pp. 220-226

[43] Berens PD. Breast pain: 
Engorgement, nipple pain, and mastitis. 

Clinical Obstetrics and Gynecology. 
2015;58(4):902-914

[44] Kuhn L, Reitz C, Abrams EJ.  
Breastfeeding and AIDS in the 
developing world. Current Opinion in 
Pediatrics. 2009;21(1):83-93

[45] Martin CR, Ling P-R, Blackburn GL. 
Review of infant feeding: Key features 
of breast milk and infant formula. 
Nutrients. 2016;8(5):279

[46] Koletzko B et al. Global  
standard for the composition of infant 
formula: Recommendations of an 
ESPGHAN coordinated international 
expert group. Journal of Pediatric 
Gastroenterology and Nutrition. 
2005;41(5):584-599

[47] Hochwallner H et al. Cow’s milk 
allergy: From allergens to new forms 
of diagnosis, therapy and prevention. 
Methods. 2014;66(1):22-33

[48] Grummer-Strawn LM, 
Scanlon KS, Fein SB. Infant feeding 
and feeding transitions during 
the first year of life. Pediatrics. 
2008;122(Supplement_2):S36-S42

[49] Krebs NF. Food choices to meet 
nutritional needs of breast-fed infants 
and toddlers on mixed diets. The Journal 
of Nutrition. 2007;137(2):511S-517S

[50] Kemp AS et al. Guidelines for the 
use of infant formulas to treat cows milk 
protein allergy: An Australian consensus 
panel opinion. Medical Journal of 
Australia. 2008;188(2):109-112

[51] Yalew BM. Prevalence of 
malnutrition and associated factors 
among children age 6-59 months at 
lalibela town administration, north 
WolloZone, Anrs, Northern Ethiopia. 
Journal of Nutrition Disorders Therapy. 
2014;4(132):2161-0509



Infant Nutrition and Feeding

102

[52] Demmelash AA et al. Hygienic 
practice during complementary feeding 
and associated factors among mothers 
of children aged 6-24 months in Bahir 
Dar Zuria District, Northwest Ethiopia, 
2019. Journal of Environmental and 
Public Health. 2020;2020:1-7. Article ID 
2075351. DOI: 10.1155/2020/2075351

[53] Parvez SM et al. Escherichia coli 
contamination of child complementary 
foods and association with domestic 
hygiene in rural Bangladesh. Tropical 
Medicine & International Health. 
2017;22(5):547-557

[54] Usfar AA et al. Food and personal 
hygiene perceptions and practices 
among caregivers whose children have 
diarrhea: A qualitative study of urban 
mothers in Tangerang, Indonesia. Journal 
of Nutrition Education and Behavior. 
2010;42(1):33-40

[55] Redmond EC, Griffith CJ. The 
importance of hygiene in the domestic 
kitchen: Implications for preparation 
and storage of food and infant 
formula. Perspectives in Public Health. 
2009;129(2):69-76

[56] Msuya J. Food Safety of Homemade 
Complementary Foods in Morogoro 
Municipality-Tanzania. The Ohio State 
University and OhioLINK Publishers; 
2016. pp. 32-69

[57] Borriello PS. Infant botulism. In: 
Clostridia in Gastrointestinal Disease. 
CRC Press Publishers; 2018. pp. 39-54

[58] Briefel RR et al. Feeding infants 
and toddlers study: Improvements 
needed in meeting infant feeding 
recommendations. Journal of the 
American Dietetic Association. 
2004;104:31-37

[59] Daniels S et al. Donor human milk 
for the high-risk infant: Preparation, 

safety, and usage options in the United 
States. Pediatrics. 2017;139(1):1-3

[60] Jiang B et al. Evaluation of the 
impact of breast milk expression in early 
postpartum period on breastfeeding 
duration: A prospective cohort study. 
BMC Pregnancy and Childbirth. 
2015;15(1):1-13

[61] Becker GE, Smith HA, Cooney F. 
Methods of milk expression for lactating 
women. Cochrane Database of 
Systematic Reviews. 2016;9

[62] Bass JL, Gartley T, Kleinman R.  
Outcomes from the Centers for 
Disease Control and Prevention 2018 
breastfeeding report card: Public policy 
implications. The Journal of Pediatrics. 
2020;218:16-21

[63] Lawrence RA. Storage of human 
milk and the influence of procedures on 
immunological components of human 
milk. Acta Paediatrica. 1999;88:14-18

[64] Peters MDJ, McArthur A, Munn Z. 
Safe management of expressed breast 
milk: A systematic review. Women and 
Birth. 2016;29(6):473-481

[65] Meier PP et al. Which breast pump 
for which mother: An evidence-based 
approach to individualizing breast pump 
technology. Journal of Perinatology. 
2016;36(7):493-499

[66] Meek JY, Noble L. Breastfeeding and 
the use of human milk. Pediatrics. 2022

[67] Leiter V et al. Pay at the pump?: 
Problems with electric breast 
pumps. Social Science & Medicine. 
2022;292:114625



103

Chapter 7

Infant Feeding Practices: A Global 
Perspective
Aryal Laxmi, Lucas Amanda, Haseeb Yumna B, 
Dhaliwal Dolly and Gill Rubina

Abstract

Infant nutrition is a primary determinant of growth and development, with  
long-term impacts on health. The World Health Organization (WHO) offers  
guidelines for infant feeding, however practices vary by geographical location, 
culture, and biopsychosocial factors. This chapter provides a comprehensive overview 
of peer-reviewed and gray literature on the current infant feeding guidelines and 
cultural practices across the globe. The findings draw attention to the multiple drivers 
and barriers to exclusive breastfeeding in various regions. This chapter can serve as a 
building block to inform future public health initiatives and research. By addressing 
these barriers, we can improve maternal and infant health and reduce the burden of 
malnutrition and associated health consequences for infants globally.

Keywords: infant feeding policies, cultural patterns, breastfeeding, social influences, 
global, breastfeeding support, nutrition, guidelines, cultural practice, culture

1. Introduction

According to the World Health Organization (WHO), undernutrition is associ-
ated with the deaths of 2.7 million children annually, which is 45% of all child deaths 
[1]. WHO recommends early initiation of breastfeeding within 1 h of birth, exclusive 
breastfeed (EBF) for the first 6 months of life, and introduction of nutritionally 
adequate, safe complementary foods at 6 months with continued breastfeeding up to 2 
years of age [1]. Breastfeed of infants is associated with higher cognitive development, 
reduced risk of infections in both childhood and adulthood, reduced risk of obesity in 
adulthood, reduced serum cholesterol levels in adulthood, and a small reduction in sys-
tolic blood pressure in adulthood [2]. Breastfeeding also significantly reduces the risk of 
developing type 2 diabetes mellitus [2]. However, only 44% of infants under 6 months 
of age are exclusively breastfed, indicating that significant barriers exist to providing 
nutrition to infants [1]. Identifying and reducing these barriers is critical to improving 
infant nutrition globally, thus improving health outcomes in all populations.

Adequate nutrition is necessary in maintaining overall health for all populations, 
but is especially important in the infant population. Infant malnutrition is associated 
with growth stunting, developmental delays, and increased mortality, especially 
from diarrheal and respiratory illness [3]. Poor nutrition in infancy, particularly 
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in the first year of life, is associated with negative health outcomes across the full 
lifespan. Malnutrition in the first year of life is associated with significantly elevated 
incidence of impaired IQ in adulthood, causing a nine-fold increase in adults with 
disability-range IQ relative to those with sufficient nutrition in the first year of life 
[4]. Furthermore, adult offspring of parents who were malnourished in the first year 
of life also demonstrate reduced IQ , even accounting for socioeconomic status (SES) 
and parental IQ [5].

Significant barriers to meeting infant nutrition guidelines exist globally. Economic 
factors such as poverty can limit access to healthcare, food, and other resources which 
are critical to both maternal and infant health. Similarly, geographic isolation reduces 
access to critical resources. Social factors such as a mother’s need to work outside the 
home, availability of family support networks, availability of community healthcare 
workers, and maternal autonomy are also influential on infant nutrition. Additionally, 
many cultural factors influence perceptions of breastfeeding and introduction of 
other foods. Family systems are essential in promoting maternal and child nutrition; 
all family and close community members play a role in the care of infants, particularly 
grandmothers and nuclear household members [6]. The dyadic relationship between 
mother and infant is particularly important, as it is well understood that infant health 
thrives where mothers are well-supported and healthy; infants also take nutritional 
cues from mothers, including maternal diet during pregnancy [7]. Education about 
infant nutrition and maternal-infant health is also of critical importance, because 
lack of maternal knowledge about infant feeding guidelines is associated with earlier 
cessation of breastfeeding and early introduction of solids [8]. Across the globe, 
infant nutrition faces significant challenges, which vary in nature by region and com-
munity. In this chapter, we explore infant feeding practices across different regions 
of the globe and specific barriers in different communities to better understand what 
progress must be made to improve global infant nutrition.

2. North America

Infant nutrition guidelines in North America recommend EBF for the first 6 
months of life, followed by continued breastfeeding alongside complementary foods 
until 12 months of age. However, adherence to these guidelines is not always consis-
tent due to various cultural and societal influences within countries. Unfortunately, 
early weaning can lead to a range of issues including increased risk of infections, 
malnutrition, allergens, and chronic diseases later in life [1, 9].

A mother’s close network, such as her spouse, grandmother, and close friends, play 
a critical role in infant feeding decisions and is associated with an increased likelihood 
of following medical guidelines for longer durations [10]. Interestingly, a mother’s 
distant network, including neighbors and relatives, have been found to encourage 
earlier introduction of family foods than recommended by medical professionals [11]. 
In Mexico, the Mexican Social Security Institute (IMSS) recommends the integration 
of family diet reflecting cultural practices between six and 12 months [12]. Despite 
high initial breastfeeding rates among Mexican mothers at 86%, 92% of infants are 
fed complementary food before reaching the recommended weaning age [13]. Factors 
such as maternal employment, maternal education, and maternal age all affect the 
recommended timeframe for introducing complementary foods [14]. Interestingly, 
Indigenous Mexican mothers are found to be more compliant with IMSS and WHO 
infant feeding recommendations than non-Indigenous Mexican mothers [13].
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Cultural perspectives play a crucial role in infant feeding within North America. 
In some African American communities, the decision to breastfeed can be rooted in 
generational trauma of wet nursing during slavery and, for some, a preference for 
formula feeding [15]. Unfortunately, negative connotations of wet nursing (woman 
who breastfeeds and cares for another’s child) and slavery create a cultural barrier 
that denies African American women and infants the many benefits of breastfeeding 
[15]. Conversely, in many indigenous communities, the act of breastfeeding is highly 
valued and an essential cultural practice [16]. The rate of breastfeeding among Chinese 
Canadian mothers was 68%, lower than the overall rate of breastfeeding in British 
Columbia, Canada, which is 85–87% [17]. This difference in rates may be attributed to 
Chinese beliefs of yin-yang theory and a focus on protecting the mother’s body from 
illness postpartum, while Western medicine places emphasis on the baby’s body [17]. 
Chinese immigrant populations in Canada report mothers following the traditional 
postpartum practice of zuo yuezi, which involves new mothers staying at home, avoid-
ing contact with cold items, and increasing the consumption of hot food [17]. This 
highlights the importance of understanding how cultural context can impact infant 
feeding practices and deviate from the guidelines provided within the region.

Furthermore, obesity’s impact on North American society is a critical factor that 
contributes to infant feeding practices. Approximately 30% of children in the United 
States are overweight or obese, with this trend consistently increasing for the past 20 
years [18]. During an infant’s first 6 months of life, rapid weight gain has been associ-
ated with later obesity and related comorbidities [19]. Interestingly, mothers who had 
not previously breastfed or those who experienced higher stress levels tended to feed 
their infants more out of concerns about hunger [20]. One element of increased stress 
may be attributed to the timing of a mother’s return to employment. In the United 
States, employment has little to no impact on breastfeeding initiation. The literature 
suggests that in the United States, employment has little to no impact of breastfeeding 
initiation, however, the return to employment is a central factor influencing breast-
feeding duration [21]. Therefore, the development of institutional and fiscal policies 
that offer employed mothers, especially in low-income groups, the support related to 
breastfeeding is vital for infant health.

3. Australia

Australia has similar breastfeeding guidelines are also in agreement with WHO 
recommendations and breastfeeding initiation rates however, at 3 and 6 months of 
age, breastfeeding rates fall below global standards [22]. For instance, in New South 
Wales, only 17.5% of infants are being exclusively breastfed until 6 months of age 
and there is a trend towards earlier introduction to complementary feeding [22]. This 
difference is more extensive in rural communities where 96% of Australian infants 
were breastfed at birth, 39% exclusively breast to 4 months, and 15% were breastfed 
for the recommended 6 months [23]. Although there are numerous factors impacting 
infant feeding decisions, maternal breastfeeding intention is a significant predictor of 
exclusivity and duration [24].

A particular concern in Australia from a recent study, highlights the exposure 
to breastmilk substitutes while in hospital. It is reported that 29% of infants were 
given breastmilk substitutes while in hospital [25]. This is in part due to the lack of 
antenatal education at the time of birth and the need for more support for breastfeed-
ing continuing on in the early neonatal period. Almost one third of infants lose their 
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EBF status as a result of the early introduction of breastfeeding substitutes, therefore 
changing the landscape of infant feeding practices in Australian neonates [26].

4. South America

The South American region faces many challenges to achieving WHO recommen-
dations for infant feeding practices, including social, economic, and cultural barriers. 
Both urban and rural communities face specific difficulties, in both cases associated 
with low income and education levels [27]. Low access to nutritionally high-quality 
food is a common theme across the region, which is associated with nutritional 
inadequacies in infants and children, as well as higher intake of ultraprocessed foods 
[28]. Additionally, many communities hold cultural beliefs surrounding breastfeed-
ing which decrease both the length of time infants are breastfed and the period of 
EBF [29]. Many studies show that women in South American low-income communi-
ties report having access to community healthcare workers and pediatricians who 
they have positive relationships with, while others report cultural barriers between 
healthcare workers and mothers [29, 30]. Mothers generally report a positive opinion 
of breastfeeding, but report struggle to meet WHO guidelines and the recommenda-
tions of local healthcare workers, indicating a strong need to address existing barriers 
to improving both maternal and infant health [30].

In Latin America, 75% of people live in urban settings, in contrast to 47% of 
the global population; this is associated with a rise in the number of people living 
in urban poverty, which has significant consequences for infant nutrition [27]. 
Childhood malnutrition in Latin America has declined in recent years, but the bur-
den of malnutrition has shifted toward the urban setting, particularly where women 
must work outside of the home for income [27]. The need to return to work reduces 
maternal ability to maintain EBF, thus encouraging the use of infant formula and 
other complementary food products prior to the end of the recommended 6-month 
exclusivity window. In urban settings, more than 90% of infants are initially breast-
fed, but are much less likely to be exclusively breastfed, as milk-based complement 
foods are much more prevalent in urban communities [27]. While urban mothers 
are more likely to need to return to work outside the home, rural mothers are 
more likely to lack access to a variety of nutrient-rich supplementary foods, lead-
ing to an overall lower nutritional status for rural infants [27]. Thus, both urban 
and rural mothers in Latin America face geographic challenges to meeting WHO 
recommendations.

Access to high-quality nutrition is an ongoing struggle described across the South 
American region, which impacts both mothers and infants. In a Brazilian cohort study 
on infant feeding practices in 9- to 24-month-old infants, the percentage of children 
who met minimum standards for diet was significantly increased relative to past 
studies, but this improvement appears to be mediated by the use of ultraprocessed, 
high-sugar foods [28]. At 24 months of age, 76.1% of infants had met the minimum 
acceptable diet, and 80.1% met minimum dietary diversity, compared to approxi-
mately 50% in previous studies [28]. However, 99.4% of infants were consuming 
ultraprocessed foods at 24 months of age, while 30.5% were consuming no fruits or 
vegetables; by 15 months of age, all participants were consuming sweetened bever-
ages [28]. Additionally, only 45.1% of infants were still breastfeeding at 24 months 
[28]. There was a reduction in breastfeeding alongside earlier consumption of sugar 
and lower consumption of eggs and pulses than previous studies, suggesting that 
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women in Brazil are relying on ultraprocessed and sugar-rich foods to fill in existing 
nutritional gaps, rather than a closure of food disparities.

One of the significant cultural beliefs impacting breastfeeding practices in South 
America is the belief that breast milk is a cause of diarrheal illness in children [29]. 
Diarrhea is a leading cause of morbidity in children under 5 years of age, and is a 
significant aspect of health risk in small children, which in many communities in 
South America is at least partially attributed to breast milk [29]. In a study of cultural 
factors surrounding breastfeeding conducted in rural Peru, 85% of women reported 
ceasing breastfeeding before their infants reached the age of 2 years, citing four 
main factors: low breast milk supply, need to return to work and chores, belief that 
breast milk lacks nutritional value after 6 months, and belief that breast milk causes 
diarrheal illness [29]. Specifically, women reported the belief that breast milk can 
cause illness if exposed to heat or sun, if produced during a time of maternal physi-
cal or emotional unwellness, or if a subsequent pregnancy took place before the first 
child was weaned [29]. The same cohort also reported a poor relationship with local 
healthcare workers on a background of inappropriate understanding of these cultural 
beliefs and practices, likely causing distrust of advice given by healthcare workers 
[29]. This study describes how cultural beliefs can disrupt successful breastfeeding 
and create barriers between healthcare workers and local communities, worsening 
these communities access to reliable healthcare information.

Culturally aware advocacy from community health teams could improve under-
standing of the role of breastfeeding in infant health and nutrition. Many studies across 
South America have shown that women who have positive relationships with their local 
healthcare workers continue to seek advice, and report having positive perceptions 
of breastfeeding [30]. One study of Brazilian mothers’ perceptions of breastfeeding 
and complementary foods reported common beliefs that breastfeeding benefits both 
mother and child, improves mother-child bonding, and is economically beneficial 
and practical [30]. This population of women cited both their mothers and healthcare 
workers as supports for continued breastfeeding, and the majority of women continued 
to breastfeed exclusively until 6 months of age, before introducing complementary 
foods such as rice flour, milk, fruit juices, and banana [30]. Mothers who began comple-
mentary feeding before the recommended 6-month window cited the infant “looking 
too skinny” or being “unsatisfied” with breast milk alone, while mothers who delayed 
introduction of foods beyond 6 months cited financial burdens; women who were 
unable to follow healthcare workers’ recommendations reported frustration with being 
unable to comply, suggesting that having a well-received healthcare body does improve 
education and health literacy, but is potentially insufficient in addressing barriers to 
meeting WHO recommendations such as low income and inaccessibility of food [30].

Grandmothers of infants in South American communities are an important 
source of stability and advice, especially where mothers are adolescents [31]. In a 
Colombian study on the role of grandmothers in infant feeding practices, grandmoth-
ers were household decision makers in most households, and regularly advocated for 
breastfeeding and high-quality maternal diet, such as advocating for culturally sig-
nificant, healthier meals over sugar-rich, ultraprocessed foods [31]. Mothers reported 
that this role is “essential to [the infant’s] upbringing”, and relied on grandmothers for 
guidance, advice, and support during times of illness or stress [30]. This suggests that 
by encouraging strong family support systems, the security and stability of mother-
infant dyads can be improved, especially where adolescent mothers are involved.

Another study in Colombia examined modifiable risk factors in failure to initi-
ate early breastfeeding and failure to exclusively breastfeed among a group of 
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mother-infant dyads, and found that C-sections, lack of skilled attendant at birth, 
prelacteal feeding, and maternal overweight or obesity were all factors in non-adher-
ence to recommendations [32]. Prelacteal feed refers to food given to newborns prior 
to initiation of breastfeeding, and includes provisions such as sugar and sugar juices, 
as well as honey, ghee (refined butter), and water or milk-based supplements [33, 34]. 
Improvements to patient education, pre- and perinatal healthcare, and postnatal 
follow-up are important to reduce the impact of these factors on mothers and their 
ability to successfully follow WHO guidelines regarding infant feeding practices.

In summary, the South American region faces a number of cultural, social, 
and economic challenges to the promotion of WHO-recommended infant feeding 
practices, but research suggests that this has improved in recent years. Continued 
improvement of healthcare advocacy and culturally aware community healthcare 
work, alongside a reduction in community poverty levels, are goals which will con-
tinue to improve maternal and infant health and nutrition.

5. Europe

A widespread phenomenon-emerging in many European countries is the effect 
of what is considered high health literacy on the impact of infant feeding practices. 
Many mothers from European countries have the education and accessibility to 
cultivate what they deem acceptable timelines and food group introductions for infant 
weaning.

The diet introduced to infants and children can greatly impact the overall health of the 
child, thus creating a window of time in which parents have the opportunity to influence 
their child’s future eating behaviors [35]. In many countries where the literacy level is 
high such as France, this creates a strain for the mother who can experience increased 
levels of stress in order to try to implement the best habits in her child [36]. Information 
in many European countries such as France, Germany, Spain, and Hungary comes in the 
form of the internet, social media, healthcare professionals, friends, and family. Studies 
have shown however, the various avenues of information are not especially significant 
without understanding the parent’s financial situation and education level [37]. French 
parents predominantly utilize healthcare professionals as their primary source of advice 
on childcare feeding due to the fact that consultations for children between the age of 0 
and 16 are free and mandatory [38]. This is in contrast to mothers in England and Finland 
who were not as influenced by doctors in their infant feeding practices due to the disparity 
in the role of the health care professional. Mothers from Sweden in particular, are the most 
active in looking up information on the internet and thus are able to comprehend that 
information in a way that is safe and effective in child rearing [39]. Previous studies have 
found many correlations between the use of written sources and the number of years of 
formal education and higher incomes for mothers. Mothers in Sweden who have expe-
rienced more years of formal education may choose the written source as this involves 
searching and reading in contrast to mothers from Spain who rely on passive and informal 
methods such as family and friends for infant feeding information [40].

France is a model for the effect of immigrant-dominant cultural practices on the 
effect of breastfeeding as well. In Paris and its surrounding suburbs, women who 
were born in foreign countries have higher breastfeeding rates compared to other 
French regions. This is in part due to the fact that many of these women represent 
first-generation mothers who despite moving to a new country still identify with their 
traditional values, many of which are from middle eastern or African countries that 
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place a greater value on breastfeeding [41]. This favorable attitude toward breastfeed-
ing can be observed intergenerationally as well between first and second-generation 
mothers, many of whom are greatly influenced by the cultural practices of their 
foreign-born mothers before them [41].

A study that focused on Italy reports that women are more likely to breastfeed 
longer if they are more educated, a trend seen in central to northern Italy where 
literacy rates are higher [42]. Higher levels of education correlate to more demand-
ing jobs and the subsequent effect of maternity leave then plays an important role in 
breastfeeding for Italian mothers. Studies conducted in northern Italy have found the 
longer the leave, the longer mothers breastfed their children [43]. These results are 
consistent with studies conducted in Norway as well, where such societies have many 
women employed in various professional jobs that therefore shape the workforce in 
developed nations to accommodate mothers and infant feeding [43]. Maternity leave 
is an important construct that shapes the first few months of both the infant’s and the 
mother’s life, and even after resumption of employment, Italian mothers still reported 
high motivation to continue breastfeeding [43]. Women in professional jobs have 
more control over their work and schedule and this allows them to develop a positive 
relationship between balancing employment and infant feeding.

Developed countries have guidelines for infant feeding practices that influence the 
parent’s decision on what foods to provide and at what times. These guidelines, how-
ever, do not necessarily guarantee optimal health for a newborn, as seen in Sweden 
in the 1990s. National recommendations during this time for Sweden caused many 
infants to be introduced to disproportionately large amounts of gluten without ongo-
ing breastfeeding and thus a coeliac disease epidemic emerged [44]. The food content 
at this time also changed, with many infant cereals manufactured with almost double 
the amount of gluten and the usage of less protein-rich flour [44]. This provides an 
example of how the national guidelines can shift from unfavorable to favorable cur-
rently based on public health research and the ability of nations like Sweden to rectify 
infant feeding practices in a political manner.

In Greece, a national breastfeeding promotion program named ‘Alkyoni’ intro-
duced breastfeeding awareness and educational activities for parents and healthcare 
professionals [45]. Along with this program, a baby-friendly initiative was introduced 
which created baby-friendly hospitals, and businesses including restaurants, shops, 
and pharmacies [45]. This provides an example of a nation taking proactive steps 
to ensure that the stigma surrounding breastfeeding is removed and that mothers 
are encouraged to breastfeed their babies longer. As numerous other local initiatives 
continue to become baby-friendly in Greece, higher rates of breastfeeding contribute 
to the overall health of babies and the shift of the national ideologies to become more 
cognisant of infant feeding practices [45].

6. Asia

Breastfeeding is a crucial tenant of infant nutrition in Asia. While the importance 
of this practice is well recognized, rates of EBF for up to 6 months, prior to the intro-
duction of supplements, have steadily declined [46]. In South Asia, the early intro-
duction of milk supplements have been attributed to a rise in inadequate nutrition 
for infants aged 6–24 months [46]. The premature use of such supplements reduces 
suckling, and thus milk volume, a negative cascade which promotes early cessation of 
breastfeeding [46].
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There are several factors that impact breastfeeding trends. In Bangladesh and Iraq, 
maternal education and high familial SES were inversely associated with duration of 
breastfeeding [33, 46]. These trends are consistent with those in North America and 
Australia but were not found to impact the duration of breastfeeding in Japan [47]. 
Contrary to common belief, access to health and nutrition care was also linked to a 
shorter time span of breastfeeding in several states across India [46]. This highlights 
the need for appropriate education for not only the mother, but also for the post-natal 
healthcare team. Furthermore, returning to work was not found to be a detriment to 
the continuation of breastfeeding in Japan. However, the reason for this relationship is 
an area for further study [47].

Early initiation of breastfeeding, specifically within 1 h postbirth, is linked to a 
significant decrease in infection-specific infant mortality [34]. This may be attributed 
to the high protein and nutrient rich colostrum that is often produced soon after birth 
and substantially contributes to an infant’s immune system.

However, despite the well-established benefits of early Breastfeeding, in 2013, 
only 23.4% of infants in India were reportedly breastfed within 1 h of birth [34]. 
Preventing infants from consuming colostrum is a widespread practice in parts 
of Asia often prompted by a lack of education regarding the benefits offered by 
colostrum, in addition to a misconception that colostrum is unhygienic [34]. In 
West Bengal, India, villages often delay breastfeeding based on the misbelief that 
post parturition breast milk requires a few days to be ready for consumption [34]. 
Research also indicates that familial dynamics, specifically in South Asia the lack 
of decision-making power provided to the mother can hinder prompt initiation of 
breastfeeding [48].

Furthermore, early breastfeeding is also found to be 9 times lower in caesarean 
section versus vaginal delivery, a finding that is consistent across multiple research 
studies [33]. During caesarean section, the use of anaesthesia, as well as the post-
operational recovery often results in a third-party providing care for the infants in 
the hours following birth [33]. Thus, alternative feeding is commonly used until the 
mother is well enough to explore breastfeeding [33].

Delaying breastfeeding is strongly associated with prelacteal feeding [34]. This 
practice has been linked to lower rates of literacy, and out of hospital deliveries [34]. 
Additionally, prelacteal feeding is also influenced by religion. In Islam, infants are 
often introduced to sweet provisions prior to breastfeeding [34]. Furthermore, misin-
formation such as familial beliefs that prelacteal feeding would prevent the develop-
ment of neonatal illnesses (i.e., jaundice) or provide energy when there is insufficient 
lactation, also underlie the use of this practice [33].

Unfortunately, the use of prelacteal feed acts as a barrier to the EBF [33]. The 
use of water or milk-based pre lacteal feeds has been associated with a delay in 
lactation [34].

A potential mitigator of delayed breastfeeding is maternal education which 
targets cultural beliefs underlined by false information, as well as the taboos 
surrounding breastfeeding and colostrum [33]. Further improvements can be 
made through the inclusion of counselling alongside regular antenatal visits. Such 
support helps prepare pregnant mothers for breastfeeding prior to birth [34]. The 
use of counselling to improve early breastfeeding has been a proven model in areas 
such as Bolivia and Madagascar [34]. It is also important to note that early initia-
tion of breastfeeding is less likely in mother’s who experienced obstetric problems. 
Therefore, research supports the early identification and support to such high-risk 
mothers [34].
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7. Africa

Despite the global advocacy by the World Health Organization (WHO) for EBF, a 
significant number of African countries are still experiencing remarkably low rates of 
EBF that begin as low as 10% [48–50]. Infant nutrition guidelines in African countries 
recommend EBF for the first 6 months of life, followed by continued breastfeed-
ing alongside complementary foods until 12 months of age [50–54]. Breastfeeding 
is widely acknowledged as the typical and optimal method of feeding infants, and 
most mothers support the recommendation to exclusively breastfeed their babies 
for around 6 months [50, 54]. However, in Africa, poor comprehension and cultural 
attitudes towards EBF, as well as conflicts between traditional beliefs and the promo-
tion of EBF, are the primary impediments to the sustainability of this practice [51–53].

7.1 Socioeconomic factors

Research results in regards to the association between EBF and the mother’s 
education and SES has been inconsistent with multiple studies showcasing oppos-
ing results. In a Morrocan SES, researchers found a strong association between 
maternal employment and EBF [55]. Many mothers were aware of the benefits of 
EBF, with higher levels of awareness among those with higher education and SES 
[55]. Nonetheless, a study in West Africa found that almost half of the participants 
believed that formula-feeding was more convenient than breastfeeding, which was 
especially important for working mothers [50]. Additionally, a study conducted in 
Congo did not find an association between EBF up to 6 months and the mother’s 
family income [56]. The researchers suggested this may have been due to a variety 
of reasons, including limited access to complementary foods and breast-milk substi-
tutes due to a lower income. As a result, EBF may have been the sole choice they had 
for feeding their babies.

Furthermore, researchers in Cameroon found that women of higher SES 
preferred the use of infant formula against WHO recommendations [54]. Study 
participants also admitted that they and their affluent, educated peers sometimes 
chose formula instead to display their wealth and social status [54]. The contradic-
tory results of the above-mentioned studies suggests that socioeconomic factors may 
contribute to the low rates of EBF in African countries.

7.2 Social support

Access to healthcare services across the continent have also been found to account 
for low EBF rates [57–59]. Although access to a health facility provides an opportunity to 
receive and respond to health promotion messages, relevant messages about breastfeed-
ing may not have been effectively communicated to mothers during antenatal care. A 
research study carried out in Tanzania discovered that despite 91% of mothers receiving 
medical attention during the antenatal period, only 39% of pregnant women and 25% of 
postpartum mothers received counselling on breastfeeding [59]. Previous studies from 
Ghana and Nigeria reported that mothers who used traditional healthcare services were 
more likely to practice optimal breastfeeding; however, a more recent study discovered 
that mothers who frequently attend antenatal visits (ANC) were more likely to bottle-
feed their babies than those who did not attend ANC visits [57, 60, 61]. This is also a 
critical issue in regards to mothers with HIV whose fear of HIV transmission and status 
disclosure are among reasons for the low prevalence of EBF in South Africa [62, 63].
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In rural areas of Egypt, mothers were found to be more likely to initiate breast-
feeding within the first hour after delivery compared to Egyptian urban mothers 
[58]. Additionally, mothers with no education were found to be more likely to initiate 
breastfeeding within the first hour after delivery compared to educated mothers 
[58, 64]. However, the results of the 2008 EDHS indicate that health providers did 
not provide proper advice to pregnant women about breastfeeding [58]. Surprisingly, 
similar to findings mentioned previously, mothers who received regular antenatal 
care or delivered with the assistance of a trained health provider were less likely to 
initiate breastfeeding within the first hour after delivery than those who received no 
medical or antenatal care [58]. In fact, 52% of mothers who received regular antenatal 
care initiated breastfeeding within the first hour of delivery, while the percentage was 
67% for mothers who did not receive any antenatal care [58].

The impact of marketing and unethical marketing tactics used in the baby formula 
industry also plays a role in infant feeding in North Africa [65]. A study by WHO 
found that 38% of Moroccan mothers were offered recommendations for specific 
milk brands by health professionals [65]. Additionally, 19% of mothers were offered 
free milk samples inside the hospital, 20% were offered samples outside the hospital, 
and 26% were offered samples both inside and outside of the hospitals [65]. The 
promotion of baby formula decreases the likelihood of adherence to EBF.

7.3 Sociocultural factors

There is a common belief in numerous cultures that breastfeeding alone is insuf-
ficient for nourishing a child, and that it is necessary to provide complementary solid 
foods or liquids in order to address thirst and promote healthy growth and develop-
ment. This is prelacteal feeding and it is one of the most significant practices that 
hinder proper infant nutrition in African culture [66]. It can lead to lactation failure, 
insufficient milk production, infection, diarrhea, and short duration of breastfeed-
ing [66–68]. Moreover, there is a vicious cycle between prelacteal feeding and 
delayed breastfeeding initiation, which may delay the production of breast milk and 
further encourage the use of prelacteal feeds [66, 69]. A study conducted in Egypt 
which included 647 mother-infant dyads found that about 58% of newborns receive 
prelacteal feeds [66]. The primary reasons for giving prelacteal feeds were tradition 
(61.0%) and mother’s/mother in law’s advice (58.3%) [66]. A study conducted in 
Kenya reported that the belief that prelacteal feeds protect the baby from stomach 
problems was common not only among breastfeeding mothers but also among com-
munity health or social workers [70]. Some communities believe that prelacteal feeds 
are necessary to clean the baby’s bowels, keep the mouth and throat moist, keep the 
baby warm, soothe the baby, relief pain, and allow stool to be passed [66, 67]. In East 
African countries, some cultures believe that a male infant needs solid foods imme-
diately after birth in order to be strong and healthy and that if practicing EBF, the 
bones will weaken [50, 71]. Other various explanations for prelacteal feeding can be 
explained by a study conducted in rural areas of Cameroon [59]. Firstly, breastfeed-
ing mothers experienced societal pressure from their elders to follow this customary 
practice and were hesitant to cause any disagreements [59]. Secondly, the women 
believed that all members of the family should benefit from the highly treasured farm 
produce, including infants [59]. Lastly, they were prohibited from engaging in sexual 
activity while breastfeeding [59]. More recently, East Africa and various non-govern-
mental organizations have collaborated and formed groups to tackle the shortcom-
ings in EBF and come up with solutions to enhance its positive health effects [50]. 



113

Infant Feeding Practices: A Global Perspective
DOI: http://dx.doi.org/10.5772/intechopen.111430

This includes efforts to improve EBF at healthcare centers and in the community, 
while also partnering with the media as a primary tool to raise awareness [50].

EBF practices can be influenced by a mother’s perception of her own breast milk 
production. Multiple studies conducted in Tanzania and Kenya have found that 
the main reason for introducing complementary food early was the belief that the 
amount of breast milk produced by the mother is insufficient for the child’s growth 
[59, 72, 73]. As a result, these mothers perceived their child to be thirsty, leading them 
to introduce herbal medicine for cultural reasons, which was identified as one of the 
key factors for early mixed feeding [59]. Additionally, Indigenous African people 
commonly use herbal and medicinal preparations, which are believed to protect 
infants from evil spirits and improve their chances of survival [56, 59]. As a result 
of this belief system, EBF is often considered not only an impractical idea but also 
a “harmful practice” that endangers the lives of infants [56]. In Cameron, a study 
found that participants with low education and low occupations believed that one 
should wait to breastfeed only after the colostrum has passed [54]. Other studies 
found that participants of various religions discarded the colostrum because it was 
regarded as impure, unhealthy, or harmful and subsequently, they delayed the first 
breastfeeding for a few hours or even days [59, 66].

Additional research has highlighted the cultural expectations and social norms 
that encourage women to breastfeed. Qualitative research conducted in Benin showed 
that mothers perceived breastfeeding as a daily and on-demand activity, often 
initiated by the infant’s cries [74]. In Nigeria, some women regarded breastfeeding 
as a religious privilege because breastmilk was considered a natural gift from God 
[70, 74]. Researchers from Nigeria explained how breastfeeding is a crucial part of 
African women’s maternal identity and is deeply ingrained in their psyche [74, 75]. In 
other studies from DRC and Mali, breastfeeding was considered a child’s right and a 
necessary aspect of a mother’s duty [76, 77]. Deviating from this norm could lead to 
sanctions; resistance to breastfeeding in Ghana and Nigeria has been found to result 
in negative reactions, such as family disapproval, anger, or stigmatizing allegations 
that the mother or child was HIV-positive or illegitimate [75, 78, 79].

Another study in Nigeria found that awareness (95.3%) and knowledge (82.0%) 
of EBF was high among surveyed mother but the practice of EBF (33.5%) was very 
low [62]. Socio-cultural beliefs in Nigeria, such as the perception babies continued to 
be hungry after breastfeeding, the fear of babies becoming addicted to breast milk, 
lack of family support and the need to return to work were found to influence the 
mothers’ decision to breastfeed or bottle-feed [60, 63, 80]. In Nigerian communities, 
new mothers typically do not have the autonomy to make infant feeding decisions, as 
these decisions are often made by the father or grandmother [60, 63]. Grandmothers, 
who usually provide significant support to nursing mothers, are knowledgeable in 
infant feeding practices, but their skills are often based on traditional belief systems 
[60, 63]. Based on their role, grandmothers can influence a mother’s decision to 
breastfeed or bottle-feed, which may be an additional reason for suboptimal feeding 
practices among mothers in Nigeria [60, 63, 81].

8. Conclusions

In conclusion, infant feeding practices are crucial for ensuring the health and 
well-being of infants globally, but adherence to recommended guidelines for EBF 
and complementary feeding is influenced by a variety of cultural, societal, and 



Infant Nutrition and Feeding

114

environmental factors. These factors vary across regions, with each region facing 
unique challenges and barriers to achieving optimal infant feeding practices.

High-income countries like those found in North America, Europe, and Australia 
face similar challenges in adhering to guidelines for EBF and complementary feeding, 
including cultural and societal influences. However, in Australia, breastfeeding rates 
fall below global standards, and the exposure to breastmilk substitutes in hospitals is 
a particular concern. In Europe, high health literacy among mothers influences their 
infant feeding practices, creating a need for more support for mothers in implement-
ing the best practices for their children.

South America faces numerous challenges in achieving the WHO recommenda-
tions for infant feeding practices, including social, economic, and cultural barriers. 
Both urban and rural communities face specific difficulties, with low access to 
nutritionally high-quality food being a common theme across the region, leading to 
nutritional inadequacies in infants and children. Breastfeeding rates have been declin-
ing in Asia, with early introduction of milk supplements being attributed to inad-
equate nutrition for infants. Various factors influence breastfeeding trends, including 
maternal education, familial SES, access to health and nutrition care, and returning 
to work. In Africa, poor comprehension, and cultural attitudes towards EBF, conflicts 
between traditional beliefs and promotion of EBF, and inadequate communication 
and understanding about breastfeeding are the primary impediments to the sustain-
ability of this practice. Socioeconomic factors, social support, and sociocultural 
factors also play a role in the low rates of EBF.

Overall, there is a need for increased support for mothers, especially in low-
income groups, to ensure that all infants have access to the health benefits of EBF and 
appropriate complementary feeding practices. This support should be tailored to the 
unique challenges faced by each region and should involve advocacy from community 
health teams, maternal education, counseling, and early identification and support 
for high-risk mothers. By addressing these barriers, we can improve maternal and 
infant health and reduce the burden of malnutrition and associated health conse-
quences for infants globally.
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Chapter 8

Compliance to Infant and Young 
Child Feeding (IYCF) Indicators 
amongst Infants of Rural 
Saharanpur, India
Monika Jain and Vandana

Abstract

Optimal Infant and Young Child Feeding (IYCF) practices hold paramount 
importance for child survival, health, growth, and development. This study was 
done to assess the IYCF practices followed by the rural dwellers of Saharanpur, Uttar 
Pradesh, India. A cross-sectional survey was carried out in 18 randomly selected 
Anganwadi Centres of Behat Tehsil in Saharanpur district. The data were collected 
from 800 mothers whose children aged 1–3 years were registered in these anganwa-
dis. Information was gathered using questionnaires and interviews. Results showed 
that 99.5% mothers initiated breastfeeding their infants with in first hour of birth. 
Minimum dietary diversity, minimum meal frequency as well as minimum accept-
able diet were the three IYCF core indicators that were not followed by about 95% of 
mothers. Infant and young child feeding practices in the selected rural area are not 
satisfactory and there is not 100% compliance to something as important as exclusive 
breastfeeding for 6 months. There should be a more focused approach towards aware-
ness generation, and sincere efforts should be made to improve infant feeding practices 
so as to make a positive impact on eradication of malnutrition amongst rural children.

Keywords: breastfeeding, complementary feeding, IYCF, infant nutrition, malnutrition

1. Introduction

Nutrition of young children is an essential component of ensuring their growth 
and Infant and young child feeding (IYCF) practices have a direct effect on the 
health, development, and nutritional status of all children who are below 2 years of 
age. This, ultimately, has an impact on child survival. Improving IYCF practices in 
children 0–23 months of age is, therefore, crucial to improved development, nutri-
tion, and health. World Health Organization (WHO) and UNICEF adopted the 
Global Strategy for infant and young child feeding in the year 2002. With the objec-
tive of reinvigorating the attention of the world to the influence that feeding practices 
have on the nutritional status, growth, and development, health, and survival of the 
vulnerable segment of infants and young children, the strategy was formulated [1].
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WHO guiding principles related to complementary feeding of the breastfed child 
[2] along with guiding principles for feeding non-breastfed children between 6 and 
24 months of age [3] provide significant evidence-based literature as well as guidance on 
optimal feeding practices for supporting growth, health, and behavioral development 
for infants and young children (IYC) aged <2 years, that can be accepted globally. The 
indicators that support programmatic action and contribute to monitoring progress on 
IYCF at both national and global levels were published in the year 2008. These indicators 
serve as an important tool in assessing infant and young child feeding practices. A set 
of eight core and seven optional indicators were recommended through this guidance 
document. These indicators have served as the standard for data collection and reporting 
on IYCF practices at a global level [3]. Below is the brief explanation of these indicators.

1.1 Breastfeeding indicators

1.1.1 Ever breastfed (EvBF)

Indicator: Percentage of children born in the last 24 months who were ever breastfed.

1.1.2 Early initiation of breastfeeding (EIBF)

Indicator: Percentage of children born in the last 24 months who were put to the 
breast within 1 hour of birth.

1.1.3 Exclusively breastfed for the first 2 days after birth (EBF2D)

Indicator: Percentage of children born in the last 24 months who were fed exclu-
sively with breast milk for the first 2 days after birth.

1.1.4 Exclusive breastfeeding under 6 months (EBF)

Indicator: Percentage of infants 0–5 months of age who were fed exclusively with 
breast milk during the previous day.

1.1.5 Mixed milk feeding under 6 months (MixMF)

Indicator: Percentage of infants 0–5 months of age who were fed formula and/or 
animal milk in addition to breast milk during the previous day.

1.1.6 Continued breastfeeding 12–23 months (CBF)

Indicator: Percentage of children 12–23 months of age who were fed breast milk 
during the previous day.

1.2 Complementary feeding indicators

1.2.1 Introduction of solid, semi-solid, or soft foods 6–8 months (ISSSF)

Indicator: Percentage of infants 6–8 months of age who consumed solid, semi-
solid, or soft foods during the previous day.
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1.2.2 Minimum dietary diversity 6–23 months (MDD)

Indicator: Percentage of children 6–23 months of age who consumed foods 
and beverages from at least five out of eight defined food groups during the  
previous day.

1.2.3 Minimum meal frequency 6–23 months (MMF)

Indicator: Percentage of children 6–23 months of age who consumed solid, semi-
solid, or soft foods (but also including milk feeds for non-breastfed children) at least 
the minimum number of times during the previous day.

1.2.4  Minimum milk feeding frequency for non-breastfed children 6–23  
months (MMFF)

Indicator: Percentage of non-breastfed children 6–23 months of age who con-
sumed at least two milk feeds during the previous day.

1.2.5 Minimum acceptable diet 6–23 months (MAD)

Indicator: Percentage of children 6–23 months of age who consumed a minimum 
acceptable diet during the previous day.

1.2.6 Egg and/or flesh food consumption 6–23 months (EFF)

Indicator: Percentage of children 6–23 months of age who consumed egg and/or 
flesh food during the previous day.

1.2.7 Sweet beverages consumption 6–23 months

Indicator: Percentage of children 6–23 months of age who consumed a sweet 
beverage during the previous day.

1.2.8 Unhealthy food consumption 6–23 months (UFC)

Indicator: Percentage of children 6–23 months of age who consumed selected 
sentinel unhealthy foods during the previous day.

1.2.9 Zero vegetables or fruits consumption 6–23 months (ZVF)

Indicator: Percentage of children 6–23 months of age who did not consume any 
vegetables or fruits during the previous day.

1.3 Other indicators

1.3.1 Bottle feeding 0–23 months (BF)

Indicator: Percentage of children 0–23 months of age who were fed from a bottle 
with a nipple during the previous day.
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1.3.2 Infant feeding area graphs (AGs)

Whilst the indicators recommended above are useful for comparing population 
groups, targeting programmes, and evaluating progress over time, they provide a 
limited understanding of how population-level feeding patterns change with the 
age of the infant. In addition to calculating numerical indicators, presenting graphic 
displays of how IYC are fed is also recommended.

1.4 Importance of infant and young child feeding

Progression related to enhancement of the “Infant and Young Child Feeding” 
(IYCF) practices mainly in developing countries is very slow because of various 
factors such as poverty and poor hygienic conditions [4]. Proper breastfeeding 
and practices related to complementary feeding play an essential role in both child 
survival and child development. Physical growth can be counted amongst the best 
indicator of the wellbeing of child and it is massively affected by the feeding prac-
tices. But, in spite of the theories available and work done it is hard to establish the 
relation between quality of feeding and the effect of feed factors on the nutritional 
status of children. It can vary to a great extent per se depending on the kind of living 
conditions and the context [5]. Adequate nutrition during infancy and early child-
hood is essential to ensure the growth, health, and development of children to the 
potential they hold [6, 7]. The chances of getting ill are high in infants when the nutri-
tion is poor. Moreover, research suggests that childhood obesity, a burgeoning public 
health problem, may also be a consequence of inappropriate nutrition [8, 9]. Early 
nutritional deficits have a long-term effect on growth as well as the overall health. 
Malnutrition during the first 2 years of life results in stunting. Therefore, as an adult 
such infants will not be able to attain their potential height and will remain shorter 
relatively. There is now enough research concluding that early childhood malnutri-
tion impairs the child’s intellectual performance [10, 11]. Another impairment is also 
seen in their physical work capacity. The consequences of girl child malnutrition are 
graver because their reproductive capacity gets negatively affected when they grow 
up into adult women. Such women have higher probability to bear infants with low 
birth weight and they tend to suffer from more obstetric complications. In a country 
where many children are malnourished, it has negative implications for its national 
development [12–14]. Thus, the significance of investing resources as well as time in 
IYCF cannot be ignored, if we aspire to have a healthy society, healthy nation, and a 
healthy world.

2. Review of literature

As per the 2020 report of WHO, around 144 million children below 5 years 
were stunted, 47 million children, and 14.3 million children were wasted and 
severely wasted respectively. On the other hand, 38.3 million children below 
5 years were overweight or obese [15]. Even after the continuous developments 
made, dietary quality still remains to be suboptimal amongst the infants and 
young children all over the world and the improvements are not much observed 
since the past decade. Merely around 39% children of urban areas and 23% chil-
dren of rural areas belonging to less than 5 years of age are reported of receiving a 
minimally diversified diet [16].
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The children that were ever breastfed were approximately 91.6%. About 79.0% 
children were put to the breast within the time of an hour after giving birth and they 
(79.6%) were reported of having colostrum. From the data of children belonging to 
6–8 months of age, not even half (41.5%) reported receiving semi-solid, solid, or soft 
foods in the previous day. Greater percentage of children continued to be breastfed 
during 1 year (81.7%) and 2 years (68.9%). Merely 13.6% were fed with iron-rich or 
iron-fortified foods developed for infants and young children. Most of the children 
(89.2%) belonging to 6–23 months of age had breastfeeding considered adequate 
as per their age [17]. It was observed that fewer mothers practiced early initiation 
of breastfeeding. The increase in early initiation of breastfeeding can be attributed 
to two primary facts. Firstly, it is a result of the sensitization and training provided 
to peripheral health workers and public health staff regarding various aspects of 
breastfeeding and secondly, the fact that most of the deliveries take place in public 
health facilities also contributes to the higher rates of early breastfeeding initiation 
[18]. This study reported very poor IYCF practices with merely 15.0% of moms 
who began breastfeeding within an hour of giving birth, whereas more than a third 
(38.3%) said they would breastfeed exclusively until their baby was 6 months old, 
although with pre-lacteal meals. Merely 21 (5.3%) infants were breastfed exclusively 
for 6 months without any pre-lacteal meals. Only 29.8% of babies started supple-
mentary feeding at 6 months, according to the main indicator [18]. The breast milk 
and animal milk (cow/buffalo) were used by nearly 40.2% of women to feed their 
children, followed by solely breastmilk for the first 6 months (38.3%), breast milk 
and formula milk (10.7%), breast milk and water (4.0%), and breast milk and solid 
food (1.3%). Approximately 5.5% of women did not feed their children with breast 
milk at all [19].

Approximately 45% of children of less than 5 years of age globally have been 
reported of dying because of undernutrition. Undernutrition is considered to be a 
vital causable factor increasing susceptibility towards malaria, diarrhea, and pneu-
monia [20]. Poor infant and young child feeding (IYCF) practices, specifically at 
the time of initial thousand days, i.e., from birth till 2 years, lead to malnutrition, 
deprived psychosocial development, reduced school performance, and decreased 
productivity in later years of life, thus setting up a vicious cycle [20].

Amongst the core indicators for assessing IYCF practices, it was observed that 
only 65.0% of mothers started breastfeeding within 1 hour of birth [21]. The infant 
feeding methods, which include both breastfeeding and supplemental feeding, have 
a significant impact in defining a child’s nutritional health. Adequate nutrition in 
infancy and early childhood is precious in supporting children’s growth, develop-
ment, and health to fullest. Merely 34.8% of infants worldwide are exclusively 
breastfed for the initial 6 months of life, with the remainder receiving additional 
foods or liquids in the interim. The initial 2 years of life are a key time for ensuring 
children’s proper growth and development through adequate eating. Optimal breast-
feeding could result in the prevention of 13% deaths amongst children below the age 
of 5 years, globally, whilst proper supplemental eating could reduce under-5 mortality 
by another 6% [22]. Breastfeeding is beneficial not only to a young child’s survival, 
health, nutrition, and the developing baby’s trust and sense of security, but it also 
helps with brain development and learning preparation. Breastfed babies have an 
IQ that is about 8 points greater than non-breastfed babies. The connection between 
starvation and baby feeding has long been known. According to current scientific 
research, malnutrition results in 60% of all deaths in children below 5 years, either 
directly or indirectly. Over two-thirds of these overall deaths occur within the 1 year 
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of life and are generally linked to improper feeding practices. Only 35% of infants 
globally are nursed exclusively for the initial 4 months of their lives [23].

An evaluation depicted that proper breastfeeding and complementary feeding 
related practices could solely lead to prevention of deaths by 19% in under five chil-
dren [24]. Every year, above 9 million children below 5 years die around the world. 
Malnutrition is the foremost cause of death in children below the age of five, with 70% 
of deaths occurring in the initial 1 year of life. Feeding strategies for infants and young 
children have a direct impact on their nutritional health and, ultimately, their survival 
[25]. Optimal infant feeding practices include the initiation of breastfeeding within an 
hour of birth, exclusive breastfeeding during the initial 6 months of life, and continu-
ous breastfeeding for 2 years accompanied by appropriate complementary feeding.

As per the data from India, only 46% of children in the age group of 6–9 months 
in Uttar Pradesh are consuming semi-solid or solid foods along with breastmilk [26]. 
In India, child feeding appears to be prejudiced by traditional and economic struc-
tures. Poor beliefs and fads towards child feeding practices have been recognized to 
be amongst the chief reasons for health amongst the children, mostly in developing 
nations. Insufficient nutrition knowledge and adherence to social practices lead to 
low-quality feeding practices. Social variables and taboos strongly influence the feed-
ing practices and eating patterns.

With this backdrop, a need to observe the compliance to IYCF was felt and an 
attempt was made to study the adherence to IYCF core indicators amongst 1–3 years 
old children registered in anganwadis (an anganwadi centre is set up by the central or 
state government in India to implement the Integrated Child Development Scheme. 
The main purpose of anganwadis is to enhance the capability of the mother to look 
after the normal health and nutritional needs of the child through proper nutrition 
and health education) at rural Saharanpur in India. The study presented below is 
a part of a comprehensive project undertaken to assess the nutritional status and 
dietary diversity of rural children from Saharanpur, India.

3. Materials and methods

3.1 Research design and locale

This study was a cross-sectional descriptive study without any intervention. The 
setting of the study was Muzaffarabad block of Behat Tehsil of Saharanpur, a district 
in the north Indian state of Uttar Pradesh which is also the most populated state of the 
country.

The 3410 anganwadi centres in Saharanpur district (Uttar Pradesh) cater to the 
nutritional needs of infant and school going children in the age group of 6 months 
to 6 years. Muzaffarabad block is located under the Behat Tehsil of Saharanpur. 
As of the 2011 India census, the Muzaffarabad block of Saharanpur district had a 
population of 303,055. Out of this, 162,641 are males, and the female count was 
146,414 [27]. This block has 50,478 children in the age bracket of 0–6 years. Amongst 
them, 26,484 are boys, and 23,994 are girls. The total number of anganwadis pres-
ent in the Muzaffarabad block is 111. The anganwadis of Muzaffarabad block were 
selected for this study. In the Muzaffarabad block there are 164 villages. Nine villages 
were selected through the simple random sampling technique. The names of the 
selected villages were as follows: Khushalipur, Satpura, Badshapur, Mirzapur-Grant, 
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Kaluwala-Jahanpur, Jayantipur, Hamirpur, Raheempur, and Ahmadpura. Out of the 9 
selected villages 3 villages, namely, Kaluwala-Jahanpur, Khushalipur, and Ahmadpura 
villages had four anganwadi centres each. The remaining six villages have one angan-
wadi centre each. Thus, the total number of anganwadis which became a part of the 
study were 18. The total number of registered children varied from 40 to 60 in each of 
these anganwadis.

3.1.1 Ethical considerations

In accordance with the guidelines given in Handbook on National Ethical 
Guidelines for Biomedical and Health Research Involving Human Participants [28], 
written informed consent for participation of children in the study was obtained from 
the mother/father of the children. Only non-invasive data was collected from the 
subjects with utmost care.

3.2 Sampling

To select eligible children of age group 1 to 3 years, multi-stage random sampling 
was used in which, first we selected Tehsil (T) randomly from Saharanpur district, 
then at second stage Block (B) was selected randomly amongst the available blocks 
within Tehsil. Now, within a selected block, 34 anganwadi centres available in the 
villages of that block were selected.

3.2.1 Sample size calculation

A random sampling technique using Slovin’s formula [29] was used to calcu-
late the sample size for the present study which was computed to be 793.17. It was 
rounded off to 800.

3.2.2 Participant recruitment

Amongst the selected anganwadis, the beneficiaries in the age group of 1–3 years 
were listed and data was collected after seeking requisite permission of Data 
Protection Officer (D.P.O) from Vikas Bhawan. The officer certified the data collec-
tion after due vigilance and conformity to ethical and other guidelines. The purpose 
and details of the study were explained and written informed consent was obtained 
from the guardian of the children who were a part of the study.

3.3 Data collection procedure

The data collection was conducted from January 2019 to October 2020. A majority 
of data were collected using questionnaires. The questionnaires for present study were 
designed in Hindi language, so that native people can understand the questions. Face-
to-face interviews were conducted with mothers at their homes in Hindi/local dialect. 
All the relevant information about infants was collected with the support of Asha 
Sahyoginis (grass root functionaries associated with anganwadis) which were present 
at specified anganwadis along with mothers. Interview took 30–40 minutes for each 
subject. Data collection was usually done between 10:00 am and 5:00 pm every day 
barring Sunday.
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3.4 Background information and socioeconomic status (SES)

A self-designed and semi-structured questionnaire was used to collect the socio-
demographic information from the mothers or caregivers of the subjects through the 
personal interview method. The data included information regarding background 
information of subjects and parents/caregivers. Information included name, age, 
gender, family type, occupation, family income, education of parents, and the like. 
Questionnaire was prepared in Hindi. Information was collected by the interview 
technique.

3.5 Infant and young child feeding practices (IYCF)

A well-structured and pretested questionnaire based on IYCF practices was used 
for data collection. These questions provide the information needed to calculate the 
key indicators given by WHO about IYCF, outlining exclusive breastfeeding and 
complementary feeding [30]. This questionnaire was adapted from the standard-
ized questionnaire of World Health Organization and UNICEF [31]. There are eight 
feeding indicators which are closed-ended questions with two options of “Yes” 
and “No”. The indicators are the initiation of breastfeeding within 1 hour of birth, 
exclusive breastfeeding for 6 months, continued breastfeeding for 1 year, initiation 
of complementary feeds after six to 8 months, minimum meal frequency, minimum 
meal diversity, minimum acceptable diet, and consumption of iron-rich foods. The 
questions related to these indicators were included in the questionnaire for IYCF 
indicators, a scoring system was established. Indicator with the appropriate response 
was given a score of 1 and if inappropriate it was marked as 0. A score of 7–8 was 
considered as excellent, 4–6 as good, and < 4 as poor.

3.6 Statistical analysis

All the data were recorded in the software Statistical Package for Social Sciences 
(SPSS) Version 20. To describe the data, descriptive statistics mainly frequency 
analysis, percentage analysis, mean, and SD were used. Chi-square was used to find 
the associations of age and gender with different IYCF indicators and p < 0.05 was 
considered as significant.

4. Results

The mean age of the children was 24.0 ± 6.97 months. Out of 800 children whose 
data were collected 53.5% were boys and 46.5% were girls. About two-thirds (67.2%) 
of the children came from nuclear families, 24.1% from joint, and remaining 8.6% 
from extended families. With respect to education of parents, 65.5% mothers and 
35.7% fathers were illiterate. Family income of 81.1% families was less than Rupees 
1865 per month. Most of the fathers were poor, marginal farmers whilst mothers 
were housewives spending much time working in their fields. More than half of 
the children were following non-vegetarian food habits (53.7%), 37.5% were lacto-
vegetarians, and 8.7% were lacto-ovo vegetarian.

Retrospective data collection was done to get an insight into adherence to IYCF 
practices, the results of which are presented in Table 1. The early initiation of 
breastfeeding, exclusive breastfeeding till 6 months, and consumption of iron-rich or 
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iron-fortified food was practiced by nearly 90% of the mothers, the optimal feed-
ing practices related to minimum dietary diversity, minimum meal frequency, and 
minimum acceptable diet were followed by nearly 5% mothers only.

Table 2 reveals the core indicators of age-wise association of children (1–3 years 
aged) with infant and young child feeding practices. Results showed that there was no 
significant association of age and early initiation of breastfeeding, exclusive breast-
feeding under 6 months, minimum diversity, and consumption of iron-rich foods. 

s. no Core of indicators “Yes”, as response N (%)

1 Early initiation of breastfeeding 796 (99.5)

2 Exclusive breastfeeding till 6 months 755 (94.3)

3 Continued breastfeeding at 1 year 699 (87.3)

4 Introduction of solid, semi-solid, or soft foods 70 (8.7)

5 Minimum dietary diversity 41 (5.5)

6 Minimum meal frequency 40 (5.0)

7 Minimum acceptable diet 44 (5.5)

Table 1. 
Number of affirmative (Yes) responses to infant and young child feeding practices (IYCF) core indicators.

Core indicators Status All children 1–2 2–3 Chi-square p-value

Early initiation of 
breastfeeding

Yes 796 (99.5) 447 (99.1) 349 (100.0) χ2 = 3.11 0.07NS

No 4 (0.5) 4 (0.8) 0 (00.0)

Exclusive 
breastfeeding under 
6 months

Yes 755 (94.3) 430 (95.3) 325 (93.1) χ2 = 1.82 0.17NS

No 45 (5.6) 21 (4.6) 24 (6.8)

Continued 
breastfeeding at 
1 year

Yes 699 (87.4) 411 (91.1) 288 (82.5) χ2 = 13.22 0.00*

No 101 (12.6) 40 (8.8) 61 (17.4)

Introduction of 
solid, semi-solid, or 
soft foods

Yes 70 (8.7) 28 (6.2) 42 (12.0) χ2 = 8.36 0.00*

No 730 (91.2) 423 (93.7) 307 (87.9)

Minimum dietary 
diversity

Yes 41 (5.1) 21 (4.6) 20 (5.7) χ2 = 0.46 0.49NS

No 759 (94.8) 430 (95.3) 329 (94.2)

Minimum meal 
frequency

Yes 44 (5.5) 15 (3.3) 25 (7.1) χ2 = 6.09 0.01*

No 756 (94.5) 436 (96.6) 324 (92.8)

Minimum 
acceptable diet

Yes 44 (5.5) 21 (4.7) 23 (6.5) χ2 = 1.41 0.02*

No 86 (10.7) 430 (95.3) 44 (12.6)

Consumption of 
iron-rich or iron-
fortified foods

Yes 714 (89.2) 409 (90.6) 305 (87.3) χ2 = 2.22 0.13NS

*Statistically significant (p < 0.05).
NSNon-significant.

Table 2. 
Age-wise association of children with infant and young child feeding practices (IYCF) core indicators.
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However, the continued breastfeeding at 1 year, the introduction of solid, semi-solid 
food, minimum meal frequency, and minimum acceptable diet were significantly 
associated with age.

Table 3 shows the gender-wise association of children with infant and young child 
feeding practices core indicators. The results demonstrated that there was no associa-
tion of gender with any of the IYCF core indicators.

Table 4 presents the mean of infant young and child feeding practices (IYCF) 
scores of age and gender-wise categorized children. Based on the results, the char-
acteristics of IYCF are classified in three ways, excellent, good, and poor. Only one 
boy had a mean score of 7.0 ± 0.0 and two girls also had a mean score of 7.0 ± 0.0 
who belonged to the 1–2 year age group and had an excellent level of IYCF. Similarly, 
48.42% (n = 200) and 43.82% (n = 181) were boys and girls having mean intake values 
of 4.06 ± 0.27 and 4.04 ± 0.26, respectively of 1–2 year age groups who had the good 
level of IYCF, whilst 5.08% (n = 21) boys exhibiting mean intake of 2.33 ± 0.47 and 
1.93% (n = 8) girls exhibiting mean intake of 2.38 ± 0.51 demonstrated poor level of 
IYCF under same age groups children. The children from 2 to 3 year age groups were 
0.51% (n = 2) boys demonstrating a mean intake 7.0 ± 0.0 and 0.77% (n = 3) girls 
demonstrating the mean intake 7.0 ± 0.0, which showed the excellent practices of 
IYCF, whereas 48.57% (n = 188) boys presenting mean intake 4.06 ± 0.26 and 40.31% 
(n = 156) girls presenting mean intake 4.08 ± 0.38 demonstrated the good level of 

Core indicators 
(IYCF)

Status All children Boys Girls Chi-square p-value

N (%)

Early initiation of 
breastfeeding

Yes 796 (99.5) 425 (99.2) 371 (99.7) χ2 = 0.747 0.387NS

No 4 (0.5) 3 (0.7) 1 (0.2)

Exclusive 
breastfeeding 
under 6 months

Yes 755 (94.3) 403 (94.1) 352 (94.6) χ2 = 0.081 0.776NS

No 45 (5.6) 25 (5.8) 20 (5.3)

Continued 
breastfeeding at 
1 year

Yes 699 (87.3) 373 (87.1) 326 (87.6) χ2 = 0.042 0.837NS

No 101 (12.6) 55 (12.8) 46 (12.3)

Introduction of 
solid, semi-solid, 
or soft foods

Yes 70 (8.7) 37 (8.6) 33 (8.8) χ2 = 0.013 0.910NS

No 730 (91.2) 391 (91.3) 339 (91.1)

Minimum dietary 
diversity

Yes 41 (5.1) 23 (5.3) 18 (4.8) χ2 = 0.117 0.732NS

No 759 (94.8) 405 (94.6) 354 (95.1)

Minimum meal 
frequency

Yes 40 (5.0) 21 (4.9) 19 (5.1) χ2 = 0.017 0.896NS

No 756 (94.5) 407 (95.0) 353 (94.8)

Minimum 
acceptable diet

Yes 44 (5.5) 23 (5.3) 21 (5.6) χ2 = 0.028 0.867NS

No 756 (94.5) 405 (94.6) 351 (94.3)

Consumption of 
iron-rich or iron-
fortified foods

Yes 714 (89.2) 379 (88.5) 335 (90.0) χ2 = 0.468 0.494NS

No 86 (10.7) 49 (11.4) 37 (9.9)

*Statistically significant (p < 0.05).
NSNon-significant.

Table 3. 
Gender-wise association of children with infant and young child feeding practices (IYCF) core indicators.
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Characteristics Age (years) N Mean ± SD

All children Boys Girls

Excellent (7–8) 1–2 428 7.00 ± 0.00 7.00 ± 0.00 7.00 ± 0.00

Good (4–6) 4.05 ± 0.24 4.06 ± 0.27 4.04 ± 0.26

Poor (<4) 2.34 ± 0.48 2.33 ± 0.47 2.38 ± 0.51

Excellent (7–8) 2–3 372 7.00 ± 0.00 7.00 ± 0.00 7.00 ± 0.00

Good (4–6) 4.07 ± 0.28 4.06 ± 0.26 4.08 ± 0.30

Poor (<4) 2.45 ± 0.50 2.44 ± 0.51 2.45 ± 0.51

Excellent (7–8) All children 800 7.00 ± 0.00 7.00 ± 0.00 7.00 ± 0.00

Good (4–6) 4.06 ± 0.26 4.06 ± 0.26 4.06 ± 0.25

Poor (<4) 2.40 ± 0.49 2.38 ± 0.49 2.43 ± 0.50

Table 4. 
Age- and gender-wise mean infant and young child feeding practices (IYCF) scores of children.

Parameters Variables All children Yes No Chi square p-value

N (%)

Religion Hindu 377 (47.1) 339 (42.3) 38 (4.7) χ2 = 0.74 0.10NS

Muslim 421 (52.6) 358 (44.7) 63 (7.8)

Sikh 2 (0.2) 2 (0.2) 00 (0.0)

Type of family Nuclear 538 (67.2) 488 (61.0) 70 (8.7) χ2 = 1.05 0.58NS

Joint 193 (24.1) 168 (21.0) 25 (3.1)

Extended 69 (8.6) 63 (7.8) 6 (0.7)

Place of 
delivery

House 104 (13.0) 95 (11.8) 9 (1.1) χ2 = 1.70 0.19NS

Govt. hospital 696 (87.0) 604 (75.5) 92 (11.5)

Birth order First 150 (18.7) 133 (16.6) 17 (2.1) χ2 = 8.75 0.03*

Second 376 (47.0) 317 (39.6) 59 (7.3)

Third 188 (23.5) 167 (20.8) 21 (2.6)

Above third 86 (10.7) 82 (10.2) 4 (0.5)

Education of 
mother

Illiterate 516 (64.5) 442 (55.2) 74 (9.2) χ2 = 4.38 0.35NS

Primary 216 (27.0) 197 (24.6) 19 (2.3)

Intermediate 29 (3.6) 26 (3.2) 3 (0.3)

High school 16 (2.0) 14 (1.7) 2 (0.2)

College 23 (2.8) 20 (2.5) 3 (0.3)

Occupation of 
mother

Housewife 714 (89.2) 649 (81.1) 95 (11.8) χ2 = 4.72 0.19NS

Informal work 23 (2.8) 23 (2.8) 0 (00.0)

Own work 20 (2.5) 17 (2.1) 3 (0.3)

Formal 13 (1.6) 10 (1.2) 3 (0.3)
*Statistically significant (p < 0.05).
NSNon-significant.

Table 5. 
Background information of children associated with factors influencing continuation of breastfeeding up to 1 year.
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IYCF. Further, amongst the children who were aged 2–3 years, 4.13% (n = 16) were 
boys and had a mean 2.44 ± 0.51 and 5.68% (n = 22) were girls who had a mean of 
2.45 ± 0.51 reflecting the poor level of IYCF. Moreover, overall, 1.0% (n = 8) children 
exhibiting a mean intake 7.00 ± 0.0 showed an excellent level of IYCF and 90.62% 
(n = 725) exhibiting a mean of 4.06 ± 0.26 had a good level, whilst 8.37% (n = 67) 
showing mean 2.40 ± 0.49 had poor level of IYCF.

Table 5 shows the association of children’s background information with factors 
influencing the continuation of breastfeeding for up to 1 year. From the results, no 
significant association was found amongst religion, type of family, place of delivery, 
education of mother, and occupation of the mother with factors influencing the con-
tinuation of breastfeeding for up to 1 year. Whereas, the birth order of the children 
was significantly found associated with factors, which were influencing the continua-
tion of breastfeeding for up to 1 year.

5. Discussion

In the present study, primary breastfeeding introduction (within 60 minutes of 
birth) has been observed in 99.5% of children that is much greater than found in 
a report of the NFHS-5 [32] for India (42%) and Uttar Pradesh (23.9%). Another 
study revealed that the breastfeeding introduction by 85% mothers has been 
observed within 60 minutes or just after the birth. The intense increment in the 
number of mothers whose delivery was done at a health central is mainly caused by 
the persistent promotion of the free delivery services in the country resulting in a 
great chance for the health specialists to stimulate the breastfeeding introduction 
within 60 minutes of birth [33].

According to a study conducted by Gaurav et al. [34] on the children of less than 
2 years of age in Uttar Pradesh, 65% of the subjects had initiated breastfeeding within 
an hour. The increment in the number of mothers adopting early breastfeeding could 
be because of the awareness and training of health workers related to health facilities 
and of public health workers related to several aspects of breastfeeding. Furthermore, 
it could also be because of greater number of births taking place in public health 
facilities. Another study by Patel et al. [35] showed that introduction of breastfeeding 
was primarily done by 57.5% of mothers in Gujarat.

About 94.3% of mothers who have children under the age of 6-months exclusively 
breastfed their infants. This practice is much higher compared to that reported by 
NFHS-5 [32] for Uttar Pradesh being 59.7%. This variation could be owing to the 
cultural and socioeconomic differences amongst the studied subjects.

In this study, most of the participants were housewives that can enhance the 
probability of breastfeeding to their child as it is less expensive when they have 
poor level of economic status. The proportion of the children was found 72.5%, 
which were absolutely breastfed; it has been confirmed by a report of NFHS-4 
[36]. The prevalence of exclusive breastfeeding was found to be 75.0% [37]. The 
major cause for this observation could be the usual perception of mothers related 
to breast milk not being enough and needs to be supplemented with other milk 
sources such as animal or formula milk. Additionally, some of the mothers do not 
have proper knowledge about the accurate positioning and attachment to the breast 
that also results in hindering the practice of exclusive breastfeeding. Amongst the 
children of 6–12 months of age, 87.3% had continued breastfeeding up to 1 year. The 
percentage (72.1%) is nearly similar to a study conducted in Delhi [38] but lesser 
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than the study of West Bengal in which 91.1% of the children of 12–23 months of 
age were breastfed till 1 year of age [39]. Another study conducted by Gupta et al. 
[40] reported that 71.5% of mothers continued breastfeeding for 1 year or more. 
The widely prevalent practices of extended breastfeeding in rural part of India must 
be protected. Only 8.7% mothers had knowledge about the complementary feeding 
of food such as liquid, semi-solid, and solid food must be started with breastfeed-
ing after the age of 6-months. The children will vomit all after feeding, which was 
the common cause of the postponed complementary feeding. The ignorance has 
been found as another significant reason for the same. The enhancement in feed-
ing practices was probable via appropriate utilization of current health facilities 
facilitating the mothers to appreciate the rationale of the practices so that worthy 
feeding practices could be continued [41].

Amongst the seven food groups utilized for assessing the minimum diversity, 
5.5% of the children consumed foods from 4 or more groups in the present study. As 
observed in some other studies, a smaller number of children were receiving foods 
from four or more groups like 32.6% by Khan et al. [42], 30.0% by Das et al. [43], 
15.7% by Chaudhary et al. [18], and 37.7% by Arzu et al. [44] respectively. Contrary 
to these studies, 79.6% children belonging to urban Meerut were having a diverse 
diet to desirable level [11]. Lower dietary diversity could be due to lack of knowledge 
and awareness related to appropriate complementary feeding habits in rural areas. 
Additionally, the lower socioeconomic status, excessive indulgence of mother in daily 
work activities, and lower birth gap may also be the causes of inadequate complemen-
tary feeding-related practices.

The minimum meal frequency observed in the present study was in 5% of 
children. This proportion was lesser in comparison to other studies such as 89.3% 
reported by Satija et al. [45]; 70.0% by Das et al. [43]; and 72.5% by Arzu et al. [44] 
respectively. The lowest meal frequency reported was 43.4% in a study conducted 
in urban Meerut by Singhal et al. [19]. The reason behind the lower percentage of 
minimum meal frequency in the present study could be because of the predomi-
nant consumption of animal milk as the major feed for the infants after the age of 
6 months.

In the present study, minimum acceptable diet was given to 5.5% of children which 
was lesser than the report of the NFHS-5 [32] for India (11.1%) and Uttar Pardesh 
(6.1%). Another study [46] in West Bengal has shown that minimum acceptable diet 
was given to 7.5% of children due to the lack of postnatal counseling by the health 
workers as well as infrequent antenatal health clinics and maternal illiteracy. Contrary 
to these, two more findings were also reported by Das et al. [35] and Singhal et al. 
(19) who showed that 36.8% and 37.7% respectively of children received minimum 
acceptable diet which was much higher than the data of present study as well as data 
of NFHS-5 [32].

The prevalence related to good intake of iron-rich or iron-fortified foods in the 
present study is greater than the prevalence shown in other studies like 33.1% in 
Zambia, [47] 21.4% in Ethiopia [48], and 19.6% in Madagascar (19.6%) [49]. The 
difference in the results could be because of the variation seen in socioeconomic sta-
tus, norms, beliefs, and cultural practices related to the feeding of children. Animal 
sources of foods are usually consumed only at the time of holidays in Ethiopia 
because of the reason that they are included as luxury foods in the diet and not to 
fulfill the daily requirements [50]. In this study done in rural Saharanpur, large 
proportion of subjects were non-vegetarians and, in these families, meat is cooked at 
least once in a week.
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6. Conclusion

It could be concluded from the study that minimum dietary diversity, minimum 
meal frequency, and minimum acceptable diet are the core IYCF indicators that are 
least complied with. Most of the mothers adhered to early initiation of breastfeeding. 
This promising finding could be attributed to large number of deliveries taking place 
at hospitals/health centres against home deliveries which has long been a trend in 
rural India. Exclusive breastfeeding for 6 months was also practiced by the major part 
of the study population. It has been observed in India that in poor families, infants 
usually live on breastfeeding only. This practice, a boon for 6 months, becomes a 
detriment to infant growth and development as nearly one-thirds of the mothers 
comprising study group failed to initiate complementary feeding at 6 months of age. 
Poverty alleviation programmes, adult education programmes, and a more focused 
behavior change communication approach by Anganwadi workers hold the potential 
to enhancing the compliance to IYCF indicators.
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Chapter 9

Suboptimal Child Feeding and Its 
Determinants
Nega Degefa

Abstract

Inappropriate feeding during the early childhood period plays a detrimental role 
in the child’s growth, development, and overall health. Some of these are suboptimal 
feeding practices, which have a negative impact on a child’s nutritional status and 
well-being. Suboptimal child feeding is a common problem in developing countries, 
despite the efforts that have been made to address it. This book chapter explores 
the determinants of suboptimal child feeding and identifies the various factors that 
contribute to it among caregivers. By reviewing existing literature and the author’s 
prior work, the chapter provides comprehensive insights into suboptimal feeding dur-
ing childhood and its contributing factors. The book chapter reviews recent research 
on suboptimal child feeding practices and contributing factors. It also presents the 
findings and interprets the researcher’s own work on the topic. The chapter highlights 
the importance of the research findings in enriching the existing body of knowledge 
and informing future research in the field. It also concludes that a multidimensional 
approach is needed to address the socioeconomic, maternal, family, and environmen-
tal factors that contribute to suboptimal child-feeding practices. This approach will 
help to ensure better health outcomes for children.

Keywords: suboptimal child feeding, child feeding practices, determinants, 
breastfeeding, complementary feeding

1. Introduction

In this book chapter, the author summarizes their own research findings, as well as 
the findings of other studies, on the topic of suboptimal child feeding practices and 
their determinants. A detailed explanation of suboptimal child feeding practices and 
their contributing factors is provided.

Suboptimal child feeding practices are becoming increasingly important because 
they can significantly impact a child’s health and well-being. In the early years of life, 
children’s brains and bodies are rapidly developing, and they need the right nutrients to 
support this growth and development. Suboptimal feeding practices can lead to nutrient 
deficiencies, which can have long-lasting consequences for a child’s health [1, 2].

Suboptimal child feeding is a serious problem that can have several negative 
consequences for children’s health and development. The determinants of suboptimal 
child feeding can be categorized into three main groups: maternal factors, socio-
economic factors, and environmental factors [3]. Suboptimal child feeding can lead 
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to several health problems, including undernutrition, overweight and obesity, iron 
deficiency anemia, and vitamin A deficiency [2]. The topic of suboptimal child feed-
ing is relevant, important, and timely because it has a significant impact on children’s 
health and development.

In this book chapter, suboptimal child feeding is defined as any deviation from 
the World Health Organization’s (WHO) optimal feeding recommendations, which 
include early initiation of breastfeeding within one hour of birth, appropriate 
complementary feeding at 6 months of age, and continuation of breastfeeding for 
up to 2 years or beyond. However, many infants and children do not receive optimal 
feeding. For example, only about 44% of infants aged 0–6 months worldwide were 
exclusively breastfed over the period of 2015–2020 [4].

The main issues and challenges related to suboptimal child feeding include lack 
of awareness, limited access to healthy foods, and cultural beliefs. There are several 
approaches that can be considered to address the issue of suboptimal child feeding, 
including educating parents about the importance of good nutrition, providing fami-
lies with access to healthy foods, and challenging cultural beliefs about breastfeeding 
and complementary feeding [2].

The purpose of this chapter is to provide an overview of suboptimal child feeding 
practices and their determinants by exploring the author’s own work as well as the 
work of others on the topic. This will help to depict the scope of the problem, the 
attempts that have been made to resolve it, and the future direction of research and 
interventions to improve child feeding and well-being.

The chapter begins by defining suboptimal child feeding and discussing the 
different factors that can contribute to it. The chapter then discusses the significance 
of suboptimal child feeding, highlighting the fact that it can lead to several health 
problems, including undernutrition, overweight and obesity, iron deficiency anemia, 
and vitamin A deficiency. The chapter then discusses the key challenges associated 
with improving child-feeding practices. The chapter then discusses some interven-
tions that can be used to improve child-feeding practices.

The chapter concludes by noting that suboptimal child feeding is a complex problem 
with no easy solutions. However, by understanding the determinants of the problem and 
the key challenges associated with it, we can develop effective interventions to improve 
child-feeding practices and improve the health and development of children.

The chapter does not attempt to cover all aspects of the topic of suboptimal child 
feeding thoroughly. However, it provides a comprehensive overview of the topic and 
offers insights that can be used to improve child-feeding practices.

2. Definition of optimal breastfeeding

WHO and UNICEF recommend that optimal breastfeeding includes:

• Early initiation of breastfeeding within 1 hour of birth.

• Exclusive breastfeeding for the first 6 months of life, meaning no other foods or 
liquids are provided, including water.

• Introduction of nutritionally adequate and safe complementary (solid) foods at 
6 months together with continued breastfeeding up to 2 years of age or beyond [4].
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Below are listed some of the benefits of optimal breastfeeding.

• Protects babies from infections.

• Provides babies with all the nutrients they need for their first 6 months of life.

• Helps babies develop a healthy gut microbiome.

• Reduces the risk of obesity and chronic diseases later in life.

• Promotes bonding between mothers and babies.

Not all mothers can exclusively breastfeed for 6 months. However, they can still 
provide their babies with many of the benefits of breastfeeding by breastfeeding as 
often as possible and for as long as they are able.

2.1 Definition of suboptimal child feeding

Suboptimal child feeding refers to any feeding practices that deviate from the 
World Health Organization’s (WHO) recommendations for children aged 0–2 years. 
These practices include delaying the initiation of breastfeeding, introducing formula 
or other liquids before 6 months of age, stopping breastfeeding before 2 years of age, 
and inadequate feeding. Suboptimal child feeding is considered when these practices 
occur [4].

Suboptimal breastfeeding is when infants do not receive the recommended 
amount of breast milk. There are two main risk factors for suboptimal breastfeeding: 
not breastfeeding exclusively for the first 6 months of life, and stopping breastfeeding 
before the age of two [5].

2.2 Types of suboptimal child feeding

Based on how the feeding approach deviates from the World Health Organization’s 
(WHO) recommendations for optimal child feeding, suboptimal child feeding can be 
classified into the following:

A. Delayed initiation of breastfeeding is a condition in which a baby is not put to 
the breast within the first hour of birth. This is contrary to the World Health 
Organization’s (WHO) recommendation, which states that all babies should 
be breastfed within the first hour of life. Delayed initiation of breastfeeding is 
critical because it can deprive the baby of the essential colostrum, which is the 
first milk produced by the mother. Colostrum is high in antibodies and nutrients, 
and it provides the baby with important protection against infection. Delayed 
initiation of breastfeeding can also make it more difficult for the mother and 
baby to establish a good breastfeeding pattern [6, 7].

B. Non-exclusive breastfeeding before 6 months refers to the introduction of any 
foods or fluids before the age of 6 months. The World Health Organization 
(WHO) recommends exclusive breastfeeding for the first 6 months of a child’s 
life, meaning that the infant receives only breast milk without any additional food 
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or liquids (except for oral rehydration salts, drops, or syrups of vitamins, miner-
als, or medicines as needed).

C. Early cessation of breastfeeding is the discontinuation of breastfeeding before 
the child reaches the age of 2 years. The World Health Organization (WHO) 
recommends that mothers continue to breastfeed their children until at least 
2 years of age or beyond, along with the introduction of nutritionally adequate 
and safe complementary foods.

There are many benefits to breastfeeding for both the mother and the child. 
Breastfeeding helps to protect the child from infection, allergies, and obesity. It also 
helps to promote the development of the child’s brain and immune system. For moth-
ers, breastfeeding can help to reduce the risk of postpartum depression and cancer.

D. Inadequate breastfeeding is a condition in which a child does not receive 
enough breast milk. This can happen for a variety of reasons, including poor 
latch, insufficient milk supply, incorrect breastfeeding techniques, or maternal 
issues. Inadequate breastfeeding can lead to poor infant nutrition and growth. 
Inadequate breastfeeding can lead to poor infant nutrition and growth. A child 
who is not getting enough breast milk may be more likely to experience weight 
loss, growth delays, and other health problems. Our study supports this find-
ing, showing that poor latch can lead to inadequate feeding of the child. This is 
because a poor latch can make it difficult for the baby to suck effectively, which 
can lead to them not getting enough milk [8].

E. Inappropriate breastfeeding practices: These include feeding infants with bottles, 
teats, or pacifiers, which can interfere with proper breastfeeding techniques and 
reduce milk supply. Study have also suggested that exposure of infants to artificial 
nipples (bottle feeding) has been strongly associated with breastfeeding problems 
[9]. This is because artificial nipples are easier for infants to suck on than the breast. 
As a result, infants may prefer the bottle and may not be as motivated to breastfeed.

Our work on the introduction of Prelacteal feeding, a form of suboptimal feeding, 
has shown that a significant number of mothers (16.8%) introduced Prelacteal feeds 
within the first 3 days after birth [10]. This means that one in every six newborns 
receives some form of Prelacteal food or fluid. This can lead to improper establish-
ment of breastfeeding and a decreased likelihood of achieving effective suckling, 
which can result in poor disease protection and frequent infection.

Another study on breastfeeding practices that assessed the positioning and attach-
ment of mothers during breastfeeding found that poor attachment and positioning 
were observed among a notable proportion of mother [8]. This is the single most 
important cause of inadequate breastfeeding. This has a significant impact on the 
health of the child, and it raises the need to reconsider the approach to enhancing 
maternal counseling during the postnatal period to improve effective feeding and 
prevent the child from illness.

A study by the authors found that even among caregivers of sick children, 
inappropriate feeding practices were observed. This is even though there are 
well- established recommendations to increase feeding during and after common 
childhood illnesses [11]. This finding suggests how deeply rooted the problem of 
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suboptimal feeding practices is. The study’s findings highlight the importance of 
interventions that address the underlying determinants of feeding practices during 
illness to ultimately improve children’s well-being.

3. Determinants of suboptimal child feeding

Determinants of suboptimal breastfeeding can vary across different populations 
and contexts. Several factors have been identified through research and evidence that 
contribute to suboptimal breastfeeding rates.

Our study on Prelacteal feeding found that mothers’ knowledge of breastfeed-
ing, exposure to counseling on optimal breastfeeding during antenatal care (ANC) 
follow-up, and receipt of immediate postnatal care were predictors of suboptimal 
feeding in the form of Prelacteal feeding. These findings emphasize the importance 
of considering a wide range of participants, including mothers with poor knowledge 
about breastfeeding, who have no exposure to counseling on breastfeeding, and those 
without immediate postnatal care [10].

Studies have shown that mothers who lack accurate information about breast-
feeding may face difficulties in establishing and maintaining breastfeeding. This 
is because they may not know how to deal with challenges such as not knowing the 
benefits of breastfeeding, not knowing how to properly latch their babies, and not 
knowing how to manage common breastfeeding challenges. This lack of knowledge 
can lead to mothers giving up on breastfeeding early. Therefore, it is important for 
mothers to have access to accurate information about breastfeeding. This information 
can help them to overcome challenges and breastfeeding successfully [12, 13].

Accurate information and support are essential for mothers to make informed 
decisions about breastfeeding and breastfeed successfully. Societal and cultural 
norms, beliefs, and practices can influence breastfeeding rates, and negative attitudes 
and practices can hinder optimal breastfeeding practices. In short, mothers need the 
right information and support to breastfeed successfully, and society should foster a 
supportive environment for breastfeeding [14].

The support and practices within the healthcare system can significantly impact 
breastfeeding outcomes. Factors such as limited access to skilled lactation support, 
inconsistent advice from healthcare professionals, and inadequate postpartum care 
can contribute to suboptimal breastfeeding [15].

Maternal employment status also affects breastfeeding. Returning to work shortly 
after childbirth without supportive policies, such as paid maternity leave, flexible 
work arrangements, and dedicated breastfeeding spaces, can create challenges for 
mothers who wish to continue breastfeeding [16].

Marketing and availability of formula milk: Aggressive marketing of infant 
formula and the easy availability of formula milk products can influence maternal 
decisions and undermine exclusive breastfeeding.

Studies have shown that social support is a critical factor that affects breastfeed-
ing. Lack of support from family members, partners, and the broader community can 
make breastfeeding more challenging for mothers. Lack of understanding, unsup-
portive attitudes, and limited assistance with household chores and childcare can 
worsen breastfeeding rates [17, 18].

Maternal physical and mental health are important factors that can interfere with 
successful child feeding practices. Issues such as difficulties with breastfeeding due 
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to pain or insufficient milk supply, postpartum depression, or stress can negatively 
affect the initiation and maintenance of breastfeeding [19, 20].

Inappropriate use of complementary foods is the most common determinant of 
suboptimal breastfeeding. For example, introducing complementary foods too early, 
before the recommended age of 6 months, can reduce breastfeeding duration as well 
as exclusivity.

4. The impact of suboptimal child feeding

The global prevalence of suboptimal child feeding is high. According to the World 
Health Organization (WHO), about 44% of infants under 6 months are exclusively 
breastfed. Additionally, many children are fed unhealthy diets that are high in 
processed foods and low in nutrient-rich foods. Few children receive nutritionally 
adequate and safe complementary foods; in many countries less than a fourth of 
infants 6–23 months of age meet the criteria of dietary diversity and feeding fre-
quency that are appropriate for their age [4].

In Africa, about 37% of infants under 6 months of age were exclusively breastfed 
in 2017 [21]. In Ethiopia, only 59% of infants under 6 months are exclusively breast-
fed. Contrary to the WHO recommendation that children under age 6 months should 
be exclusively breastfed, 14% of infants 0–5 months also consume plain water, 1% of 
them consume non-milk liquids, 8% consume other milk, and 13% consume comple-
mentary foods in addition to breast milk (Figure 1). Notably, 6% of infants under age 
6 months are not breastfed at all [22].

Suboptimal breastfeeding can have various negative impacts on child health. 
Breast milk is the optimal source of nutrition for infants and provides a wide range of 
essential nutrients and antibodies that support their growth and development. When 
breastfeeding is suboptimal or not practiced at all, it can lead to the following conse-
quences for child health.

In 2019, suboptimal breastfeeding was associated with 2.8% (95% uncertainty 
interval (UI) 2.1–3.5) of disability-adjusted life years (DALYs) among children under 

Figure 1. 
Proportion of infants under 6 months who are exclusively breastfed.
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5 years of age. This means that suboptimal breastfeeding was responsible for 2.8% of 
the total burden of disease in children under 5 years of age.

Suboptimal breastfeeding was also associated with 146,000 under-5 deaths (95% 
UI 104,000–197,000) in 2019. This means that suboptimal breastfeeding was respon-
sible for 146,000 deaths of children under 5 years of age in 2019.

The burden of suboptimal breastfeeding is significant, and it is important to take 
steps to improve breastfeeding practices in order to reduce the number of deaths and 
DALYs associated with this problem [5].

Evidence shows that suboptimal breastfeeding increases the risk of infections in 
infants [23–25]. This is because breast milk contains high levels of antibodies and 
immune-boosting substances that help protect infants against various infections, 
including respiratory and gastrointestinal infections. Suboptimal breastfeeding, on 
the other hand, impedes these protective substances, leaving infants more susceptible 
to illnesses and with a higher risk of developing infections.

Suboptimal breastfeeding unquestionably leads to nutritional deficiencies among 
infants. Breast milk is the main and initial source of nutrients for infants, and it 
is uniquely tailored to meet their nutritional needs. It provides an ideal balance of 
proteins, fats, carbohydrates, vitamins, and minerals. When infants are not fed opti-
mally, they may not acquire all the necessary nutrients for their growth and develop-
ment, leading to nutritional deficiencies and associated health problems [1, 26].

Increased risk of chronic diseases: Studies have shown that suboptimal breastfeed-
ing is associated with a higher risk of developing chronic diseases later in life. These 
include conditions such as obesity, type 2 diabetes, asthma, allergies, and certain 
types of cancers. Breastfeeding provides long-term health benefits that can help 
reduce the incidence of these diseases [27].

Impaired cognitive development: Breast milk contains essential fatty acids, such 
as docosahexaenoic acid (DHA), which are critical for brain development. Infants 
who are not breastfed or receive suboptimal breastfeeding may have a higher risk of 
impaired cognitive development, including lower intelligence quotient (IQ ) scores 
and decreased academic performance.

Increased risk of obesity: Breastfeeding has been shown to play a role in preventing 
childhood obesity. Suboptimal breastfeeding, particularly when combined with early 
introduction of solid foods or the use of formula, may increase the risk of obesity in 
childhood and later in life [28, 29].

Emotional and psychological impacts: Breastfeeding promotes a strong emotional 
bond between mother and child. It provides comfort, security, and a sense of close-
ness, which contributes to the child’s emotional well-being. Lack of breastfeeding or 
suboptimal breastfeeding practices may affect the mother-child bonding and emo-
tional development of the child [30].

It is important to note that while breastfeeding is highly beneficial, some moth-
ers may face challenges or circumstances that prevent them from breastfeeding 
exclusively. In such cases, alternative feeding methods should be adopted to ensure 
the infant receives adequate nutrition. Consulting with healthcare professionals and 
lactation specialists can provide guidance and support to address any breastfeeding 
difficulties and ensure the best possible outcomes for the child health.

Protecting, promoting, and supporting breastfeeding will save more lives of babies 
and children than any other single preventive intervention. Globally, exclusive and 
continued breastfeeding could help prevent 13% of deaths among children under 5 
years old. Breastfed children have fewer childhood infections, fewer chronic diseases, 
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3–5 extra points of IQ , higher earning potential, more opportunities to prioritize 
education, and healthier mothers. Breastfeeding reduces burdens on society in terms 
of health spending, hospitalizations, and absenteeism. It also saves families money 
because it obviates the need for commercial substitutes [31].

5. Interventions and strategies

Suboptimal child feeding practices can have long-term consequences on a child’s 
health and development. To address these issues, various interventions and strate-
gies can be implemented. Here are some approaches that can help reduce suboptimal 
child-feeding practices:

Nutrition education: Providing parents, caregivers, and communities with accu-
rate and practical information on infant and child nutrition is crucial. This education 
can focus on topics such as breastfeeding, introducing complementary foods, nutrient 
requirements, portion sizes, and the importance of a balanced diet [32].

Breastfeeding support: Promote and support exclusive breastfeeding for the 
first 6 months of a child’s life, as recommended by the World Health Organization 
(WHO). This can involve training healthcare providers and establishing lactation 
support programs to assist mothers with breastfeeding challenges [4].

Complementary feeding guidance: Educate caregivers on the appropriate tim-
ing and methods for introducing complementary foods to infants around 6 months 
of age. Emphasize the importance of nutrient-rich and diverse foods, proper food 
preparation, and responsive feeding practices.

Peer support and counseling: Establish support groups, mother-to-mother 
networks, or community health workers to provide guidance, encouragement, and 
practical advice on optimal child feeding practices. Peer support can be particularly 
effective in promoting behavior change [15].

Food affordability and accessibility: Addressing economic barriers to accessing 
nutritious foods is essential. Implement strategies such as social protection programs, 
agricultural development initiatives, and market interventions to improve affordabil-
ity and availability of nutrient-rich foods for families [33, 34].

Parenting programs: Incorporate child feeding and nutrition education into 
existing parenting programs. These programs can provide comprehensive support 
on various aspects of childcare, including feeding practices, responsive feeding, meal 
planning, and portion control [35].

Quality healthcare services: Strengthen healthcare systems to provide quality ser-
vices related to child nutrition and feeding practices. Ensure that healthcare providers 
are trained in evidence-based guidelines, and that they offer consistent and accurate 
counseling to parents and caregivers [36].

Policy and advocacy: Advocate for policy changes that support optimal child 
feeding practices. This can include regulations on marketing of unhealthy foods, 
mandatory labeling of nutritional information, and workplace policies that support 
breastfeeding and parental leave [37].

Monitoring and evaluation: Establish mechanisms to monitor and evaluate the 
effectiveness of interventions and strategies aimed at reducing suboptimal child 
feeding practices. Regular assessments and data collection can help identify gaps and 
refine approaches for better outcomes [38].
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6. Gaps in knowledge and future directions

Despite progress, there are still gaps in knowledge and areas that require further 
attention in addressing suboptimal child feeding practices. These gaps include:

Cultural influences: A deeper understanding of cultural influences on feeding 
behaviors is needed to develop culturally appropriate interventions.

Behavior change strategies: Effective behavior change strategies that can be imple-
mented at the individual, family, and community levels need to be identified.

Critical periods and long-term effects: Critical periods during early childhood 
when specific feeding practices have the greatest impact on long-term health out-
comes need to be investigated. Longitudinal studies are needed to understand the 
long-term effects of suboptimal feeding practices.

Socioeconomic determinants: Complex relationships between socioeconomic 
status, food security, and feeding behaviors need to be understood to inform targeted 
interventions.

Technology-based interventions: The potential of technology in delivering child-
feeding interventions needs to be explored.

Male involvement: Fathers and male caregivers need to be engaged to promote 
their active involvement in child feeding decisions and practices.

Policy interventions and environmental factors: The impact of policy interven-
tions needs to be assessed, and environmental factors such as the availability of 
healthy foods need to be explored to inform strategies to create supportive environ-
ments for optimal child feeding.

International partnerships: Collaboration among researchers, practitioners, poli-
cymakers, and communities worldwide needs to be promoted to facilitate knowledge 
sharing, exchange of best practices, and scaling up effective interventions.

7. Conclusion

Suboptimal child feeding is a widespread problem with serious consequences 
for children’s health and development. However, there are effective interventions 
that can help parents and caregivers provide their children with nutritious and 
balanced diets. These interventions include nutrition education, breastfeeding 
support, complementary feeding guidance, peer support, and parenting programs. 
Comprehensive interventions must address food affordability and accessibility, 
healthcare services, and supportive policies. It is also important to recognize the 
cultural context of different communities, conduct further research, and address 
gaps in knowledge to tailor interventions to the specific needs and challenges of each 
community.

Future efforts should focus on understanding the cultural influences on child 
feeding practices, identifying effective ways to change feeding behaviors, investigat-
ing the long-term effects of different feeding practices, addressing socioeconomic 
factors that affect feeding practices, exploring the use of technology to improve 
feeding practices, promoting male involvement in feeding practices, and implement-
ing policy and environmental changes to improve feeding practices. Collaboration, 
knowledge sharing, and international partnerships will be essential for developing 
evidence-based interventions and scaling them up globally.
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Abstract

The burden of premature birth is still high worldwide at 10.6% and ranges from 
5 to 18% of all babies born. About 80% of these occur in Africa and South Asia. In 
Sub-Saharan Africa, the burden ranges from 3.4 to 49.4%. In almost all countries, 
premature birth rates are on increase, which poses a threat to newborn health. 
Premature babies usually present with complications that hinder their ability to 
feed. Due to this, premature babies are at risk of insufficient nutrient supply, leading 
to undernutrition, failure to thrive and early newborn deaths. However, improved 
newborn feeding can avert these deaths. In line with this noble cause, this chapter 
focused on care and feeding of premature babies in hospital and home settings, 
feeding development, feeding difficulties, and growth and development monitoring 
for premature babies.

Keywords: premature, infant, nutrition, care, feeding

1. Introduction

A premature baby is one who is born alive before 37 weeks of pregnancy [1, 2]. The 
burden of premature birth is still high worldwide at 10.6% and ranges from 5 to 18% 
of all babies born [2]. About 80% of these occur in Africa and South Asia [1, 3]. In 
Sub-Saharan Africa, the burden ranges from 3.4 to 49.4% [4] and is highest in Malawi 
with 18.1 premature births per 100 births, Comoros (16.7), Congo (16.7), Zimbabwe 
(16.6), Equatorial Guinea (16.5), Mozambique (16.4), Gabon (16.3), and Mauritania 
(15.4) [1]. Recent demographic and health surveys of Sub-Saharan African countries 
showed that Eastern Africa and Southern Africa as well were likely to register high 
premature births with 7.34 and 11.19%, respectively [5]. Most of the body systems of 
premature babies are usually not fully developed. As a result, they require support 
in the majority of aspects of life, including their feeding. If the support rendered is 
insufficient, they are more likely to have complications such as feeding difficulties, 
micronutrient deficiencies, and poor growth and development. Due to this, prema-
ture babies are at great risk of death compared to babies born mature. The majority of 
the survivors face lifelong disabilities, such as visual, hearing, and learning problems. 
The challenge of premature birth and death is worth to be addressed if countries are 
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to achieve Sustainable Development Goals (SDGs), especially goal 3, subsection 3.2 
that aims at ending all the preventable deaths of newborn babies and children aged 
under 5 years by 2030. Improved care and feeding of preterm babies can avert these 
deaths. This book chapter addresses the challenges associated with feeding preterm 
babies and is hoped to make a significant contribution toward ending deaths due to 
nutrition-associated comorbidities among this group of newborns.

2. Care and feeding of premature babies in hospital and at home

The body structures and systems of premature babies are usually not fully devel-
oped. As a result, premature babies usually have poor muscle tone, incomplete root-
ing, and weak gag reflexes. Premature babies also have incompetent lower esophageal 
sphincter and impaired rectal sphincter reflex. In addition, premature babies have 
high metabolic needs and are unable to store nutrients. Due to this, they are more 
likely to develop difficulties such as failure to suckle enough milk from the breast, 
poor gastric emptying, slowed intestinal motility, and impaired bowel emptying. All 
these affect feeding abilities and contribute to the development of nutritional defi-
ciencies. The good news is that many of these babies can survive and grow especially 
if they are cared for and fed adequately.

The survival rates of premature infants can greatly improve if the emphasis is 
put on optimizing nutritional demands and appropriate feeding. The use of breast 
milk for premature babies as the feeding choice is highly recommended. In addition 
to nutritional values, breast milk provides premature babies with immunological 
defense, hormones, and enzymes that are essential for growth and development. 
Feeding should be initiated within 30 minutes to 1 hour of birth. Exclusive breast-
feeding for 6 months is recommended. The mode of feeding initially will depend 
on whether the baby is stable or not. Stable babies may be able to breastfeed, while 
unstable babies may need parenteral nutrition in the first 24 hours. Premature babies 
weighing 1.5–2.0 kg or less are admitted to the Neonatal Intensive Care Unit (NICU) 
as well as those who are unstable. Premature babies below 1.5 kg are unstable so 
should not be fed by mouth for at least the first 24 hours. Initially, the health worker 
should establish an intravenous line and give intravenous fluids such as dextrose 
10%, infant maintenance solution, or neonatal cocktail. Intravenous nutrition should 
provide glucose, amino acids, minerals, and vitamins plus fat in some preparations.

On day one, babies less than 1500 g should be given 80 mls per kg per day and 
for infants greater than 1500 g should be given 60 mls per kg per day. This should 
be divided and given every 2–3 hours. Once the baby stabilizes, oral feeds can be 
started through a Nasal Gastric Tube (NGT). From day two of life, it is important 
to introduce oral feeds mostly Expressed Breast Milk (EBM) with feed volumes 
estimated based on the body weight of the baby while continuing with intravenous 
fluids that have other electrolytes, especially potassium and sodium. If the baby has 
a birth weight of 1500 g or less and is stable, feeding is started with EBM of 5 mls 
and is increased carefully by 5 mls each day as shown in Table 1. Do not exceed the 
daily maximum volume of feeds as shown in Table 2. If the baby is between 1500 
and 2000 g and is stable, then feeding can be started with 7.5 mls of EBM and also 
increased accordingly. If the premature baby has a weight of more than 2000 g, 10 mls 
of EBM is given and is also increased steadily as explained earlier.

The first choice of milk for feeding preterm babies is expressed breast milk from 
the mother of the baby. The second choice is donor breast milk. The donor breast milk 
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should be pasteurized. Donor pasteurized milk should be screened for human immu-
nodeficiency virus, hepatitis B, hepatitis C, and venereal diseases. In cases where 
EBM from the mother or donor breast milk is not available, the premature babies may 
be fed on formula milk such as modified cow milk containing energy 80 kcal, protein 
2.0 g, fat 4.5 g, calcium 77–110 mg, and phosphate 33–63 mg. However, premature 
babies fed on formula milk have been found to carry a high risk of developing 
Necrotizing Enterocolitis (NEC) compared to those fed on breast milk. There has also 
been an increase in NEC with fast or early EBM or formula milk compared to slow or 
delayed introduction of these feeds. While the baby is on these feeds, it is important 
to check random blood sugar. Usually, a random blood sugar of 2.8–8 mmols per dl 
or 49–140 mg per kg is considered to be within the normal range. The health worker 
should also monitor the quantity of fluids being given as well as the amount of urine 
passed within 24 hours. At least six wets per day are normal. This translates into about 
0.5–1.0 ml per kg per hour. Also, observe signs of fluid overload such as swelling of 
face and difficulty in breathing.

After a lengthy stay in the hospital, premature babies are usually discharged to 
home and care is continued from there but still under the remote support of the 
health care worker. The premature baby will be discharged if he or she no longer 
needs intravenous fluids and can tolerate at least 8 oral feeds per day. The caretaker 
should be counseled on exclusive breastfeeding for the first 6 months, complemen-
tary feeding at 6 months of uncorrected chronological age and to practice appropriate 
weaning practices when the baby is able to eat adequately. The mother or caretaker is 

Day IV NGT

1 4mls per hour 0

2 3mls per hour 5mls 3 hourly

3 2mls per hour 10 mls 3 hourly

4 1 ml per hour 15mls 3 hourly

5 0 ml 18mls 3 hourly

6 21mls 3 hourly

7+ 24mls 3 hourly

Table 1. 
Intravenous and nasal gastric feeds.

Age Total daily fluid/milk volume

Day 1 60 mls/kg/day

Day 2 80 mls/kg/day

Day 3 100 mls/kg/day

Day 4 120 mls/kg/day

Day 5 140 mls/kg/day

Day 6 160 mls/kg/day

Day 7 180 mls/kg/day

Table 2. 
Total feeds given per kgs per day.
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encouraged to bring back the baby as soon as he or she develops danger signs such as 
feeding poorly or getting complications such as diarrhea. The baby should be dis-
charged on multivitamin supplements and iron syrup for about 6 months. The baby 
should be brought back to the clinic on day 6 for the first postnatal visit. At this visit, 
the baby should be weighed. The baby’s weight should be monitored weekly until 
2.5 kg weight is attained.

3. Supplementary feeding in premature babies

Premature babies at birth have low nutrient stores since most nutrients are 
transferred from the mother to the baby in the last trimester of pregnancy. For 
instance, babies accumulate about 60% of total iron stores during the last trimester 
of pregnancy. In addition, during fetal growth and development in utero, the transfer 
of some mineral ions, such as calcium and phosphorus, from the pregnant woman 
to her fetus takes place in the third trimester, mainly between 32 and 36 weeks of 
pregnancy. This means that premature babies miss out on this and therefore are at 
higher risk of suffering from iron deficiency anemia and osteopenia. For these babies 
to catch up with normal growth and prevent these complications, additional nutrients 
are required. Due to this, the fortification of the baby’s feeds is necessary. Feeds for 
premature babies should be fortified with iron, calcium, phosphorus, and vitamin D. 
A baby who is on full enteral feeds, should be given Vitamin D 400–1000 units per 
day until 6 months, calcium 120–140 mg per kg per day for the first month of life, 
phosphorus 60–90 mg per kg per day. At 2 weeks of age, the baby should be given iron 
2–4 mg per kg per day up to 6 months of age and folate 2.5 mg weekly up to 6 months.

4. Complementary feeding and weaning practices in premature babies

When breast milk alone is no longer sufficient to satisfy the nutritional require-
ments of the baby, the addition of other foods and liquids to the baby’s diet is neces-
sary. The exact timing is still a debate on whether other feeds should be introduced at 
6 months of age corrected or 6 months of age uncorrected. No clear recommendations 
for premature babies. However, premature babies are a vulnerable group who have 
increased nutritional requirements, are at risk of developing gastro-esophageal 
reflux, respiratory problems, and have delayed gross motor development. Delayed 
introduction of complementary feeding may result in insufficient nutritional needs 
[6]. It is therefore helpful for premature babies to start receiving complementary 
foods at 6 months of uncorrected chronological age. The weaning process should be 
initiated when the infant has reached at least 5 kg of body weight, is able to eat from 
a spoon and the weaning diet is able to provide adequate nutrition. Weaning should 
be started between 5 and 8 months of uncorrected age to ensure that sensitive periods 
for the acceptance of solid foods are not missed and to allow the development of the 
appropriate feeding skills.

5. Feeding development and feeding difficulties in premature babies

Feeding difficulties are common complications experienced by premature babies 
hospitalized in NICU. Premature babies display significant difficulty feeding by 
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mouth in the weeks following birth. Initially, they lack sucking skills. The overall 
prevalence of feeding difficulty among premature babies is as high as 42% and ranges 
from 6 to 84%. However, the degree of difficulty feeding entirely depends on the 
gestation age at birth. The problem of difficulty feeding continues to manifest among 
premature babies even several months after birth but reduces as the baby grows. 
Specific symptoms of difficulty feeding change with time as the baby grows and 
transits from a liquid-based diet to complementary foods. The symptoms of difficulty 
feeding may include behaviors such as (i) refusing to eat appropriate volumes of 
food or developmentally appropriate varieties of foods, (ii) symptoms of dysphagia 
or aspiration such as coughing, choking, gagging, or respiratory compromise while 
eating, (iii) difficulty feeding behaviors such as increased stress, crying, irritability, 
and (iv) delayed eating skills such as difficulty chewing. The contributing factors to 
difficulty feeding behaviors in premature babies include poor sucking skills and poor 
suck-swallow-breath coordination, among others [7].

The development of suckling takes two forms, that is to say, nonnutritive and 
nutritive sucking. Nonnutritive suckling is the type of sucking seen when an infant is 
not feeding. To elicit nonnutritive sucking, a finger is generally placed in the infant’s 
mouth. In premature babies, this type of sucking is generally seen as a precursor to 
nutritive sucking. Some degree of nonnutritive sucking can often be elicited weeks 
before nutritive sucking emerges [8]. However, nonnutritive sucking generally 
becomes more rhythmic and stronger as the baby grows [9]. Nonnutritive sucking 
development among premature babies is an important milestone in the maturation 
process and reflects the subsequent improvement in suckling. Nutritive sucking 
occurs when a baby is feeding and results in the baby drawing milk into the mouth 
from the breast or bottle. Greater displacement of the tongue is required during 
nutritive sucking as compared to nonnutritive sucking [10]. Nutritive sucking is also 
characterized by slower, more rhythmical sucking movements, with regular breaks 
required for swallowing and breathing [10]. Like nonnutritive sucking, nutritive 
sucking skills generally improve with age and practice [11]. Once they approach 
mature age, it is often assumed that the nutritive feeding skills of premature babies 
can match those of mature babies. However, the sucking patterns of premature babies 
often remain significantly less coordinated and less efficient than those of mature 
babies at term age and beyond [12].

Swallowing and breathing utilize a common space within the pharynx, and 
hence, difficulties are often observed when sucking, swallowing, and breathing are 
not well coordinated [13]. Components of sucking, swallowing, breathing, and their 
coordinated activity mature at different times and rates [14]. Premature babies often 
swallow preferentially at different phases of respiration than those of their mature 
counterparts [15] and that restricts milk flow. Oral support during feeds may reduce 
pauses in sucking, increase rate and volume of intake during feeds. Externally paced 
feeding improves physiological stability during feeding [16]. For premature babies 
who are bottle-fed, the use of slow-flowing nipples over faster-flowing nipples 
improves physiological stability during feeds [17]. Babies born very premature 
continue to display frequent oxygen desaturation events during feeding at a mature 
age and spend on average 20% of their feeding time with arterial oxygen saturation 
levels less than 90 [18]. This may be a result of apnea events in premature babies dur-
ing swallowing [19]. Apnea times have been found to reduce as babies mature [20]. 
Due to these issues, premature babies greatly rely on caregivers to feed them, provide 
adequate support and assistance during feeding, and recognize any distress cues as 
may occur during feeding [21].
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Optimizing feeding during prematurity requires interventions aimed at directly 
assisting oral feeding to reduce complications that may come along. These interven-
tions can be classified as:

a. Feeding the baby based on behavioral cues such as demand feeding, semi-
demand feeding, and structured cue-based feeding. Feeding the baby “on-
demand” simply means not worrying about the clock. Semi-demand feeding uses 
infant cues and timing to determine when to offer a feed. For example, if the baby 
fusses, cries, or wants to suck. The cue-based clinical pathway for oral feeding ini-
tiation and advancement of premature babies results in the earlier achievement 
of full oral feeding. Assessing readiness for feeding can be subjective and without 
structure. Cue-based feeding is more objective and individually tailored.

b. Strategies aimed at preparing the infant before a feed, such as oral stimulation 
prior to feeds, suck training, and oral tactile stimulation before feeds. Suck 
training exercises are helpful for gaining proper tongue function. Suck training 
increases the percentage of oral intake between 34 and 38 weeks of gestation. 
During suck training, the following steps should be observed; (1) the trainer 
should first wash hands to prevent transmitting infections to the baby. (2) 
the fingernails of the trainer should be short and smooth to prevent possible 
oral injuries, (3) the trainer should stroke the middle of the baby’s lower lip 
with the index finger to encourage the baby to widely open his or her mouth, 
(4) when the baby opens the mouth, the trainer should place the finger, nail 
side down, into the front of the baby’s mouth, (5) the baby will then suck 
the finger into his or her mouth, (6) if the tongue of the baby does not twist 
around the finger, the trainer can stroke the roof of the baby’s mouth (pal-
ate), then softly press down on the back of the baby’s tongue while stroking 
the tongue forward. This will help to pull the finger out of the baby’s mouth 
somehow, (7) allow the baby to suck it back in, (8) then repeat this practice at 
least three times or until you feel the tongue come forward over the gum. Oral 
tactile stimulation before feeds is another strategy that can be used to prepare 
the premature baby to feed. It appears to improve the frequency of sucking 
and rate of intake during feeds and has been reported to improve the rate of 
breastfeeding. Oral tactile stimulation has also been reported to shorten the 
transition time to exclusive oral feeding.

c. Strategies aimed at supporting the infant during feeds, such as oral support 
during feeding and externally paced feeding. During oral support, the jaw 
and cheek are supported by placing the middle finger under the chin and the 
thumb and index fingers on the cheeks. It makes swallowing easier for the baby. 
External pacing means tipping the bottle down to slow milk flow or removing 
the bottle from the baby’s mouth to impose a break in sucking. This slows down 
the flow of milk into the nipple and the mouth, allowing the baby to eat more 
slowly, and take breaks.

d. Interventions aimed at assisting respiratory support for oral feeding. Preterm 
babies often require noninvasive respiratory support, such as nasal continuous 
positive airway pressure and or high-flow nasal cannulas, to achieve full oral 
feeding. However, some forms of respiratory support strategies are feared by 
healthcare teams, as they may disrupt breath coordination if not carefully used.
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6. Growth and development monitoring in premature babies

Normal growth is the progression of changes in height, weight, and head circum-
ference that are compatible with established standards for a given population. Normal 
growth is a reflection of overall health and nutritional status. Premature babies are 
at risk for poor growth while in the Neonatal Intensive Care Unit (NICU) and after 
discharge. They must be closely monitored and may require interventions to promote 
better growth. Poor growth among preterm babies is usually an early indicator of 
health problems, such as nutritional and medical conditions. Parameters such as 
height, weight, and head circumference of a premature baby will vary depending 
on the gestational week of their birth and their overall health at birth as indicated 
in Tables 3 and 4. For example, a preterm baby with a gestational age of 24 weeks 
may attain 5 g per day while the one born at 33 weeks or later can put on as much as 
30 g per day. The required weight gain in preterm babies who are born with a birth 
weight of more than 2 kg is 20–30 g per day. Similarly, the height of premature babies 
increases by about 1.1 centimeters every week until the completion of the ideal gesta-
tional age, which is about 40 weeks. A healthy premature baby is likely to first show 
improvement in the head circumference, followed by weight and height.

In premature babies, growth is monitored using different growth charts based 
on gestation age. Up to 36 weeks gestation, the Olsen and Bertino charts are the best 
growth charts to assess appropriateness for gestational age. For instance, small for 
gestational age or large for gestational age status. They perform relatively poorly in 
growth monitoring for premature babies beyond 36 weeks of age. Between 36 to 
50 weeks of corrected age (10 weeks post-term), the Fenton chart is the best growth 
chart to assess longitudinal growth in premature babies over this period. After 4 to 
8 weeks post-term, the World Health Organization growth charts for normal children 
can be used.

Developmental monitoring observes how the child grows and changes over time 
and whether the child meets the typical developmental milestones in playing, learn-
ing, speaking, behaving, and moving. Most premature babies go on to develop like 
babies born at term. But the earlier premature babies are born, the more likely it is 
that they will have development problems.

Gestational age in 
weeks

Weight in 
kilograms

Height in centimeters Head circumference in 
centimeters

24 0.6 30 21.1

26 0.8 33 23

28 1 35.6 25

30 1.3 38.5 27

32 1.7 41.1 29

34 2.1 44 30.5

36 2.6 46.5 32.1

38 3.1 48.5 33.5

40 3.4 50.5 34.9

Table 3. 
Weight, height, and head circumference of premature babies (girls).
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7. Summary and conclusion

The burden of premature labor and birth is still high worldwide at 10.6% and 
ranges from 5 to 18% of all babies born. About 80% of these occur in Africa and 
South Asia. In Sub-Saharan Africa, the burden ranges from 3.4 to 49.4%. In almost 
all countries, premature birth rates are on increase, which poses a threat to newborn 
health. Preterm babies are more likely to have feeding difficulties, suffer micronutri-
ent deficiencies, and exhibit poor growth and developmental patterns. Due to this, 
premature babies are at great risk of death compared to babies born mature. The 
majority of the survivors face lifelong disabilities such as visual, hearing, and learning 
problems. However, there is still a window of opportunity to prevent these nutritional 
dilemmas, whereby improved care and feeding of preterm babies in the hospital and 
at home can avert these deaths as follows; a premature baby who is unstable should 
be given intravenous fluids in the first 24 hours. Once the baby stabilizes, oral feeds 
(mostly EBM) can be started on day two through a Nasal Gastric Tube (NGT) till 
day 7 or more while continuing the intravenous fluids until the baby is able to suckle. 
Babies who are able to suckle should be allowed to breastfeed immediately or within 
1 hour after birth. It is recommended that the feeds of premature babies are fortified 
with iron, calcium, phosphorus, and vitamin D as these micronutrient stores are not 
adequately built and stored while the baby is still in utero. Appropriate and timely 
complementary feeds should be introduced to meet the nutritional needs of the baby 
and the weaning process should be initiated when the infant has reached at least 5 kg 
of body weight, is able to eat from a spoon and the diet is able to provide adequate 
nutrition. Sucking development and ability should always be assessed as this may 
pose a nutritional threat if the baby is unable to breastfeed adequately.
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Gestational age in weeks Weight in kilograms Height in 
centimeters

Head circumference in 
centimeters

24 0.65 31 22

26 0.83 34 23.5

28 1.1 36.5 25.8

30 1.4 39 27.5

32 1.8 42 29.5

34 2.25 44.9 31

36 2.7 47 32.8

38 3.2 49.5 34

40 3.6 51 35

Table 4. 
Weight, height, and head circumference of premature babies (boys).
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Abstract

Today it is well known that the best gift that a mother can give her baby is breast milk. 
And what happens with all those children who for some reason are born premature, who 
cannot start breastfeeding either because of their severity, because they are separated 
from their breasts or simply because of their severity. For many years, the World Health 
Organization recommends exclusive human milk during the first 6 months of life, how-
ever, the premature newborn sent to the neonatal intensive care unit experiences a series 
of unfortunate events before starting enteral feeding many of them. They die during 
their stay. However, at the moment the importance has been given to the beginning of 
human milk from its mother or from a milk bank, and of the care around the family that 
the critically ill newborn must have. Unfortunately, Mexico and Latin America continue 
to have some areas with many lags in terms of nutrition and care of the newborn in the 
NICU. The success of breastfeeding with a baby in the NICU depends on the informa-
tion and training provided to the mother about the expression, storage and transport of 
her milk. That the whole family be made aware that an essential part in the recovery of 
premature infants is to provide breast milk in a timely manner.

Keywords: breastfeeding, premature children, newborn, nicu, nutrition

1. Introduction

Worldwide, year after year, approximately 15 million premature children are 
born, a number that is increasing each year. And, adequate nutrition is currently 
considered a crucial factor for the survival of these babies as well as improving their 
neurological prognosis in the short and long term. His mother’s milk, although it is 
premature milk, differs from the milk of mothers with full-term children. Far from 
being harmful to the patient, these differences have been shown to contain beneficial 
components and nutrients for the premature child. Many intensive care units have 
pasteurized milk, donated by mothers with sufficient milk production who for some 
reason did not give it to their babies (fasting children secondary to surgical patholo-
gies, perinatal asphyxia, respiratory distress, deaths), these milk banks have become 
the only option in Latin American countries for the initiation of human milk in these 
premature children, demonstrating incredible benefits for all these children, so far 
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from the benefits that their own mother’s milk can give them given the weeks produc-
tion management [1].

Human milk should be part of the daily medication of these critically ill premature 
infants or not. In the nutritional aspect, it is well known that it contains countless 
benefits than infant formulas, not to mention the danger that these substitutes can 
cause in the intestines of critically ill newborns. Not to mention the protection that 
human milk provides to reduce Skepsis, enterocolitis and retinopathy of prematurity. 
In current studies, children with extremely low birth weight, that is, under 1000 
grams, human milk has shown to have multiple benefits in neurodevelopment, 
obtaining better results in the evaluation tests than those fed with substitute formu-
las. The American Academy of Pediatrics recommends starting your own mother’s 
human milk as soon as possible or, in the case of pasteurized milk, fortifying it [2].

The bioactive components of your own mother’s human milk enhance the immune 
system, improving gastrointestinal development. Containing abundant carbohydrate 
immunoglobulins, lactoferrins, enzymes and growth factors [3].

2. Epidemiology

In the past decade worldwide, the initiation of breast milk in neonatal intensive 
care units was 80% with a percentage of continuity at home from 35–54% [4]. 
however, year after year this percentage has been increasing. Thanks to the efforts of 
many governments with adequate public policies aimed at the protection of pregnant 
and lactating women. And so the standardization of perinatal health care was born 
in Europe, publishing the principles of family care for the newborn admitted to the 
neonatal intensive care unit. Emphasizing the early initiation of breastfeeding regard-
less of the severity of the baby. Giving rise to the 10 steps to help the mother to initiate 
breastfeeding in the NICU [5].

3. Human milk

The biochemical and bioactive components of human milk help the proper state 
of immunity, nutrition and growth in babies. The characteristics of these bioactive 
elements depend on genetic, demographic factors and of course lifestyles as well 
as exposure to pollutants, smokers. Having of course an impact on the health of 
the baby. For a woman to start breastfeeding after childbirth, a series of hormonal 
events occurs: when the placenta comes out and the uterus contracts, starting with 
milk production (many times it starts from the last weeks of pregnancy). The great 
advances in recent years regarding breast milk have also helped to improve infant 
formulas, currently many of the most important brands have added olisaccharides 
to the composition. But great benefits such as immunological as well as the plethora 
of bacteria that improve the baby’s microbiota have not yet been possible to add to 
the substitutes. In the past it was thought that these bacteria were part of the skin of 
the breast or perhaps contaminated during extraction, storage or transport, which 
is not the case with multiple studies where the presence of an enteromammary route 
is evidenced [6, 7]. Being able to isolate the multiple probiotics contained in breast 
milk has opened a new frontier in research in order to demonstrate that these strains 
contained in human milk improve the immunological and intestinal development of 
babies, creating in the medical personnel in charge of the critically ill newborn, an 
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easy-to-get, free weapon to improve the prognosis of these babies regardless of their 
underlying pathology or that their lives are in danger [7].

3.1 Breast milk with a premature child

Premature births, an event that is increasing worldwide, is associated with nutri-
tionally and immunologically immature babies with a higher risk of complications, 
including necrotizing enterocolitis. And although the premature child needs caloric 
and protein contributions that exceed breast milk, the multiple benefits that it offers 
are not compared to the substitute, in addition to the fact that most of these babies 
have parenteral nutrition, which provides them with a sufficient amount of calories, 
protein, and lipids [8].

In addition, in recent studies, the analysis of the composition of breast milk 
with term babies and premature babies have shown that significantly the amount of 
protein, fat; as well as much higher levels of immunoglobulins, lactoferrin, growth 
factors and lysozyme [8, 9].

3.2 Lactating is a natural event

Providing the breast is the most natural way to provide all the clinical benefits of 
milk, however, on an emotional level, it creates a bond with your baby. In the intensive 
care unit, due to the severity of these babies, immediate attachment is often impos-
sible, even They are children who spend months on invasive ventilation, which makes 
attachment to the mother’s breast impossible. Currently, thanks to the importance that 
has been given to involving the family in the care of their critically ill child, there are 
therapies to improve the emotional aspect such as kangaroo mom or dad, the intention 
is that the emotional bond remains present and involves the family to favor the produc-
tion of breast milk despite not having stimulated the baby, only breast pumps [10].

3.3 The popular phrase “human milk is pure gold”

The reason why the opportune initiation of breast milk despite the health status 
of the premature baby, is that the contribution of nutrients and immunoglobulins 
depends on the amount of milk that is provided, the greater the amount of milk, the 
greater the benefits, even more if it is from your own mother, which will have the 
gestational weeks with the fair benefits according to the gestational age. The great 
challenge in these units occurs when the mother is also in critical condition, since 
currently the main reason for premature birth is preeclampsia, leaving the mother in 
a state of vulnerability that of course makes it difficult to extract colostrum.

It has also been shown that the time of extraction, storage and transport of milk 
is vital for its conservation, it is advisable to extract it as close as possible to intensive 
therapy, and if this is not possible, follow the appropriate techniques of extraction to 
preserve your milk in the most hygienic way [11].

3.4 Differences between premature milk and term milk

As early as 1980, Shander et al. discovered that the protein content during the 
first two weeks of life was significantly higher than that of mature milk. At present, 
multiple meta-analyses have shown that milk from a breast with 28 weeks of gesta-
tion or less produces milk with a protein content of 2.3 g/100 ml, while the breast of 
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32–34 weeks produces between 1.8 to 1.9 grams. of protein per 100 ml. And not only 
is it the largest amount of protein, but also fat [12]. Of the free amino acids, 50% is 
made up of glutamine and glutamic acid in significantly higher quantities, so at the 
protein and free amino acid level, premature milk It is ideal to adapt to the growing 
needs of the premature child.

Regarding fats, these are also influenced by gestational age, mainly in the content 
of medium chain triglycerides and fatty acids. In a longitudinal study in 27 premature 
infants, it was found that the breast milk of premature infants had a much higher 
amount (between 0.8 and 0.5 grams/100 ml) of fats. As well as a greater contribution 
of saturated fats and medium chain lipids [13].

3.5 Oligosaccharides

Oligosaccharides are non-digestible carbohydrates that act as bioactive compo-
nents in breast milk and provide a series of benefits such as improving microbiota 
colonization, reducing the pathogenesis of bacteria involved in enteral infections, 
and improving the immune system [14]. All oligosaccharides are produced in the 
mammary gland, demonstrating that in the early stages of lactation the concentration 
increases and gradually decreases over time. Among the many benefits of oligosac-
charides, direct protection against enterocolitis (specifically flucosyltransferase 2) 
has been demonstrated. Another benefit that olisocarides have is that they do not 
lose effectiveness despite pasteurization, and their existence has been proven mainly 
between weeks 23 to 26 of gestation. Now, in comparison to premature babies fed with 
their own breast milk against those fed with pasteurized milk, it has been shown that 
those fed with their own breast milk have greater protection against enterocolitis, late 
sepsis, bronchopulmonary displasia and severe retinopathy, in a meta-analysis where 6 
different studies were analyzed, 1472 babies and in observational studies where 14,950 
babies were analyzed, a clear improvement in said pathologies was found in those fed 
with milk from their own breasts versus those fed with pasteurized milk [15].

In relation to the biocomponents of breast milk, the most significant element was 
the production of antioxidants found in colostrum and that decreases as lactation pro-
gresses. These levels are also much higher in the milk of breasts with premature babies 
than those of term. Finally, regarding the microbiota of breast milk with premature 
babies, it changes and is specific for each mother, providing the exact protection for 
the bacterial flora shared by mother and baby [16].

4. Gut microbiota of premature infants

The mode of birth, antibiotic administration, care environment and nutritional 
exposures, which particularly in intensive care are always present, and most notably 
breastfeeding, have all been shown to play important roles in the acquisition of the 
gut microbiome. Exposure to breast milk during infancy appears to be particularly 
important in shaping the microbiome. Among preterm infants, gestational age at 
birth and postnatal age have also been shown to be relevant to their microbiome 
characteristics. We also know that the microbiota of breastfed versus formula-fed 
infants has a more profound effect on genes in neonatal enterocytes that influence 
host protection and development [17].

Of the entire population of premature infants, those under 32 weeks are excep-
tionally more vulnerable, requiring full attention and human and material resources 
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for a long time, with a higher risk of comorbidities that would complicate their 
evolution in the short, medium, and long term. 10% of these children will develop 
enterocolitis [18]. In a longitudinal study where the milk of their own mothers was 
analyzed, a considerable increase in the microbiota of babies was seen, mainly those 
with premature milk. Therefore, the Nutrition Committee of the European Society of 
Gastroenterology, Hepatology and Nutrition recommends early initiation of breast 
milk and preferably from your own mother [19].

5. Mothers of premature babies

Given the difficult circumstances these mothers live through, such as premature 
labor (most likely complicated by some circumstance), removing the mother from 
her baby, the poor suction that these babies present and the poor milk extraction 
technique, it seems consequently the failure of successful breastfeeding. Having a 
success rate in most countries of the world close to 25% (according to official UN 
records) [19]. Given the bad figures that exist worldwide, it is necessary not only to 
raise awareness among the medical personnel in charge of these children, but also to 
pay extra attention to these mothers. Feeling that there is an accompaniment during 
your breastfeeding from the staff who care for your baby, and sharing the experience 
with the whole family [20].

6. Nursing care and skills

The comprehensive care of a critically ill child is in charge of a multidisciplinary 
staff led by a neonatologist. However, also with the participation of the infectologist, 
nutritionist, neonatal surgeon and other specialists. But who is taking care of these 
babies 24 hours a day is the nursing staff. And they are the ones who provide advice 
and accompaniment to the mother for breastfeeding, and if they fail in their work, 
we will most likely not be able to maintain breastfeeding in the NICU. Fortunately, 
the knowledge of nurses has been improving over the years, with successful interven-
tions at the beginning of the year 2000 barely 10–94% today [21]. And one of the 
most important and significant advances in these years was the timely start of the 
extraction of breast milk. The initial steps for the success of adequate breastfeeding 
in the neonatal intensive care unit is to begin with the education of the woman with 
a high-risk pregnancy, well aware of the possibility of having a premature birth, 
educating them with the necessary information about the use of the breast pump, the 
frequency, adequate nutrition and the nutrients that the mother needs to successfully 
carry out breastfeeding, regardless of the adverse situations that having her newborn 
in neonatal therapy implies [22].

7. Safe way of transportation of breast milk

7.1 Extraction

The physiological and emotional challenges associated with mother-infant 
separation, as well as inappropriate breast stimulation, can interfere with the estab-
lishment of lactation and increase the likelihood of complications. Consequently, for 
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many mothers of preterm infants, the milk pathway begins with expressing rather 
than breastfeeding to initiate, build, and maintain lactation. And this milk expres-
sion can pose significant challenges for mothers of premature babies. If the initia-
tion of lactation is delayed and the mother does not express milk consistently from 
the beginning, it is difficult to ensure adequate milk production in the long term. 
Therefore, having access to the right equipment and timely support is essential. It is 
important to recognize that the development of the mother’s milk supply will require 
the mother to initiate, generate, and maintain lactation. And informing mothers that 
their milk supply will increase over time, thus setting the correct expectations, is the 
key to successful lactation. Necessary steps for expression: teach mothers to use their 
hands to massage the breasts, express milk during the first hour postpartum and keep 
it that way at least every 6 hours during the first 72 hours after birth, always start 
breastfeeding with a pump of milk (preferably bimanual), then express frequently, at 
least 6 times a day, express milk after skin-to-skin contact with your premature child, 
regardless of whether they have assisted ventilation [23].

7.2 Harvest

After expression, breast milk needs to be handled and stored, with attendant risks 
of nutrient loss and milk contamination. Therefore, it is essential to consider the 
best practices for handling human milk to ensure that the premature baby can access 
optimal nutrients. All certified intensive care units must standardize milk handling 
procedures in order to minimize losses (fewer containers) As well as loss of quality 
or integrity of milk components, milk contamination, risk of confusion between 
patients [23–25].

7.3 Labeling/tracking

It is very important to establish specific protocols to minimize errors in feeding 
with expressed milk. Giving a mother’s expressed milk to a baby other than her own 
can have consequences for the baby in the NICU. The importance of providing milk 
from their own mother has already been discussed due to the difference in the weeks 
of gestation and in the days of life that the deceased children in the NICU have, there-
fore different nutritional needs. It is essential to control the feeding of the mothers 
and monitor expressed milk. This is to ensure that each patient has sufficient volume 
and receives the correct milk based on expression time and nutritional content, for 
each feed [24, 25].

7.4 Label expressed milk

Every institution must have a standard that must contain the milk label, giving 
priority to the baby’s name, in this case their last names, the day and very importantly 
the time of extraction, as well as the quantity Figure 1 [25].

7.5 Cold chain maintenance

The milk must be cooled immediately after expression and the cold chain must 
not be interrupted. Freezing the milk or simply chilling it is based on criteria such as 
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the available distance from the home to the hospital, the amount of milk the mother 
already has in the NICU, and hospital policies. Freezing, although a necessary tool 
in the NICU, alters the integrity of the components of breast milk. Although most 
changes are now considered harmless, milk loses some of its value when fresh. For 
example, full-term infants ingest millions of live cells from breast milk every day. 
Unfortunately, these cells do not survive the freezing process [ 25 ]. 

 To maximize the nutritional content between container transfers, the following 
should be considered: before handling the milk, it should always be shaken so that all 

  Figure 1.
  Procedure to be followed for the collection and storage of breast milk as well as its transfer to the NICU until its 
ingestion.          

  Figure 2.
  Storage and conservation of breast milk.          
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the components are mixed homogeneously, consider the fat the most valuable com-
ponent, and the greater the yellow coloration, the greater the nutritional components. 
and finally transport in the minimum number of containers (Figure 2) [26, 27].

7.6 Warming of breast milk in the NICU

I consider the science of heating milk and maintaining its properties to be the big-
gest challenge for nursing staff, milk must be gently heated to preserve its nutritional 
and immunological values. As well as the precaution that must be taken when giving 
it to the premature child. Due to the nature of the gastric and intestinal mucosa of the 
premature baby, the milk must have a certain temperature so as not to endanger his 
life and keep it as close as possible to fresh milk that has just been extracted.

8. Indications for use

This will depend 100 percent on the decision of the neonatologist and depending 
on his critical condition, as well as the weight of the baby to decide on the amount and 
frequency of administration.

9. Impact of breast milk on neurodevelopment

The biggest and most fearsome complication when we have a premature baby is 
that it has some type of delay, mainly motor [28].

The breastfed infant receives nutrients from breast milk which, once it crosses the 
intestinal barrier and ends up in the blood, with differences in phosphatidylcholine, 
sphingomyelin and triglycerides. This result is not necessarily related to the difference 
in triglyceride composition between breast milk and infant formula, but it may also 
be that neonatal nutrition has had additional effects on lipid metabolism. As we know 
the baby’s brain and its entire peripheral nervous system is made up of fats, of course 
it does have a long-term impact on the fat intake provided by breast milk versus 
formula-fed [29]. The issue of breast milk in nutrition programming is really difficult 
to resolve. In fact, the interindividual variability of human milk and the heterogeneity 
of lactation times make it difficult to establish associations between a particular com-
position of breast milk and certain clinical parameters of the child who has received 
this milk. Breast milk lipids are the second most important macronutrient, it is rich in 
linoleic acid as well as alpha linoleic acid, important precursors of long-chain poly-
saturated acids essential for brain development [30]. At present, multiple associations 
between breast milk and neurodevelopment have been studied, mainly omega 3 and 
omega 6 [31]. We found a strong relationship between the growth of these premature 
infants during hospitalization and the presence of several lipid biomarkers in the 
In breast milk, faster growth was associated with milk containing more saturated 
medium-chain fatty acids and sphingomyelin, more phosphoethanolamine contain-
ing dihomo-ɤ-linolenic acid, and fewer oxylipins [32].

The oligosaccharide fraction of premature breast milk is probably the most inter-
esting that raises challenging scientific questions [33]. The microbiome of children 
with severe growth delays is not refractory to nutritional supplementation with 
oligosaccharides. This opens up interesting perspectives for the care of premature 
newborns [34, 35].
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After the battle that these preemies have in the NICU, when these preterm infants 
go home, they obtain a greater intestinal microbiota with greater bacterial diversity 
thanks to breast milk compared to formula-fed infants [36]. And for Of course we 
could not leave behind the economic benefit for the health system as well as for their 
families when they go home [37]. And, while it must be admitted that breast milk is 
not always perfect, the balance of benefits and risks tilts in the direction of benefits, 
especially for premature babies [38]. Epidemiologically speaking, morbidity and 
mortality in premature infants has decreased globally since more countries have 
joined breastfeeding programs, and of course better management of the nutrition of 
these babies improves their development. And, although it contains macronutrients 
with a fairly stable concentration, breast milk has a very diverse composition of 
micronutrients, which depends in particular on the physiology of the mother and her 
environment, so the question of whether it has an adaptive composition, according to 
the needs of the child, remains unanswered to this day [39].

10. Conclusion

Breast milk is a “natural” and “sustainable” food, without any impact on the envi-
ronment, proving maternal attachment to be one more tool for these warriors to get 
ahead with the minimum of both physical and neurodevelopmental complications. 
And although the ideal will always be the direct suction of the mother, we are aware 
that for these babies the way of feeding is difficult; The important thing is that we are 
aware and that we are a team with the families, involve the family in the evolution of 
these babies by providing information that the best gift that can be given to a baby 
regardless of the week of gestation in breast milk.

Soon, all NICU units will be able to progress to a breastfeeding supplement or 
other device that will deliver expressed breast milk from a bottle or syringe through 
a small tube that is taped next to your nipple. With this method, all premature babies 
should begin feeding partly from the tube and partly from the breast while latching 
on to their mother’s breast and actively feeding.

And what is the future of breastfeeding in neonatal intensive care units? The 
intention is not to have devices such as syringes or bottles to transport the milk, but 
rather devices that connect directly to the mother’s nipple regardless of the baby’s 
ventilatory support. And that the intensive care areas become a family environment 
involving the whole family in the care of their critically ill newborn.
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Chapter 12

The Catch Up of Small for 
Gestational Age: Breast Milk Is It 
the Best?
Haythem Bachrouche

Abstract

Small for gestational age (SGA) is defined as a birth weight below the 10th percentile 
for gestational age. We can distinguish two categories of SGA: the first group is 
constitutionally programmed to be small despite a favorable maternal environment, 
the second group has a growth restriction due to a maternal condition leading to 
placental insufficiency. The burden of fetal growth-restricted (FGR) SGA is higher in 
resource-poor countries, and children born FGR SGA have a higher risk of mortality 
and morbidity during the neonatal period and beyond. To overcome this underweight 
and therefore the higher rate of early and late morbimortality, it seems logical that the 
weight gain in the first months of life (catch up phenomenon) have the optimal speed. 
Exclusive breastfeeding from birth until six months of age should be encouraged for 
all infants, including SGA infants, but the supplementation with standard formula or 
fortified formula until the 6th month of life is it not justified for an optimal catch up? 
Many authors believe that the “catch up” phenomenon would be the major etiological 
factors of obesity, cardiovascular disease, and metabolic syndrome in the future. It 
was demonstrated in many research that, SGA children who received fortified for-
mula or standard formula whatever the reason, showed faster weight gain in the first 
months of life, which was related to increased body fat later in life. It was also revealed 
in several studies that, when exclusively breastfed, SGA achieved a catch-up growth 
slower, suggesting that the human milk can be the reference nutriment for healthy 
growth without nutritional impairment in children born SGA with effects persisting 
until adulthood.

Keywords: small for gestational age, breastfeeding, metabolic syndrome, overweight, 
standard formula, fortified formula

1. Introduction

Catch up growth (CUG) of small for gestational age (SGA) is a crucial determi-
nant of short- and long-term health issues. Adequate nutrition and feedings practices 
during the early life are the key of an optimal growth rate.
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Is exclusive breastfeeding from birth until six months of age (EBF) the best 
recommendation for preterm and term SGA? Would EBF be enough to prevent under-
nutrition and to achieve optimal CUG of theses infants? Would EBF reduce morbidity 
and mortality during early life and later in this high-risk population? We will try to 
answer to these questions in this chapter according to the latest scientific evidences to 
guide health professionals to early preventive strategies.

2. Who is the small for gestational age?

Small for gestational age (SGA) is defined as a birth weight below the 10th percen-
tile for gestational age.

During intrauterine life, the fetus may be constitutionally programmed to be 
small despite a favorable environment. It can also undergo adverse maternal condi-
tions causing a placental insufficiency and leading to intrauterine growth restriction 
(IUGR) without achieving his genetic potential growth.

We distinguish the premature SGA (PT SGA) and full-term SGA (FT SGA) 
according to gestational age.

SGA infants represent about 10% of live births in developed countries [1]. Few 
years ago, this prevalence can be variable for the same population due to a lack of 
consensus on the definitions used for SGA, as well as on the reference standards for 
growth in the world.

To overcome this uniformity and due to a lack of evidence-based and internation-
ally applicable tools, the International Consortium for Fetal and Newborn Growth 
in the 21st Century (INTERGROWTH-21e) published in 2014 standards for weight, 
height and head circumference at birth. The aim of this initiative is to monitor fetal 
growth and to standardize growth assessment, in order to provide compelling evi-
dence for maternal and newborn health programs [2].

These fetal and neonatal references complement the WHO growth standards pub-
lished in 2006 and represent the most appropriate framework for monitoring growth 
during the first 5 years of life.

Indeed, the WHO growth standards take an approach regardless of ethnicity or 
location and based on breastfed infants as the normative model of growth under 
optimal conditions, contrary to previous growth references like 1977 NCHS and 2000 
CDC based on formula fed infants [3].

This evolution of growth assessment tools led to better harmonization of research 
and so a better quality of studies’ conclusions.

3. The challenge of SGA nutrition in the early life

It is well known that a low birth weight is linked to the risk of perinatal and infan-
tile morbidity and mortality [4].

There are many causes of SGA. A constitutionally small infant born to a small 
mother and/or father is the commonest cause of SGA. The commonest pathological 
cause of SGA is placental dysfunction leading to suboptimal nutrition and intrauter-
ine growth retardation (IUGR).

This stressful environment during fetal development can cause epigenetic 
changes, abnormal vascularization and aberrant endocrine regulation. These condi-
tions observed particularly in SGA with IUGR increase the risk of diseases later in life. 
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Prematurity is an additional factor, and the PT SGA has more complications in short 
and long-term life.

Prenatal monitoring can reduce the prevalence of SGA. The regular follow-up 
of pregnant women is a recommended universal action as a front-line strategy 
to prevent noncommunicable diseases in adulthood by decreasing the incidence 
of SGA.

But we know that not only the intrauterine period, but also the postnatal nutrition 
and growth interfere with future health issues. Indeed, human growth is the result of 
an interaction between genetic, hormonal, nutritional and environmental factors.

Due to evidence that one of the main factors for modulating the growth pattern 
in infancy is nutrition and, therefore, feeding policies are very important for the 
prognosis of these infants in the early life and later. So, the efforts can be directed to 
defining optimal feeding patterns for SGA.

Not long ago, we thought that the delay of weight at the start of life must be 
recovered as soon as possible to prevent cognitive issues by promoting rapid catch-up 
growth especially for head circumference.

We have encouraged in the past mothers and health professionals to supplement 
additional calories to SGA by administering a nutrient enriched formula to promote 
quick weight gain.

But from studies by Singhal and his team revealing that accelerated gain in weight 
with the supply of nutrient and calorie dense formulas to SGA was associated with 
increased total body fat in childhood [5], many other studies confirmed that this 
practice might be deleterious to infant born SGA and that who grew more rapidly 
were more likely to be obese later and have a specific increased risk of cardiovascular 
and metabolic diseases. In order to minimize the programmed disease risk (due to 
IUGR) and to reach optimal post-natal growth, the nutrition pattern in the first 
months of life is a real challenge.

4. Research limitations and proposals for standardization

As we described above the lack of uniformity and the need of standardization in 
SGA and CUG definitions made very difficult to complete metanalysis and to draw a 
valuable scientific conclusion.

Conjointly, for ethical reasons we cannot conduct randomized double-blind stud-
ies evaluating exclusively breastfed infants vs. exclusively formula fed infants.

For these reasons, researches in the literature about SGA nutrition are sparse and 
difficult to conduct and most current evidence is based on limited studies with low to 
medium study quality.

But after the INTERGROWTH-21 initiative coming to complete the WHO child 
and adolescent growth standards (2006–2007) we can propose the following, to 
improve globally the quality of our studies and to obtain more interpretable results:

• that the cut-off of the 10th percentile is the definition of SGA;

• that to standardize the identification of infants born SGA we recommend that 
the INTERGROWTH-21 birth-weight for-gestational-age standards be used;

• that the definition of CUG is a change of >0.67 in z score representing a clinically 
significant response;
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• that the WHO Growth Standards be used to calculate z scores [2];

• that rapid CUG be defined as a postnatal centile crossing defined in terms of an 
upward change in weight z score during 1 month [6];

By applying these proposals, future metanalysis of small cohort’s studies can be 
possible, and so we can obtain a better scientific quality recommendation.

5. Nutrition of FT SGA in the first months of life

To overcome the underweight at birth of FT SGA and to minimize a higher risk of 
early and late morbimortality, it seems logical that the weight gain in the first months 
of life (catch up phenomenon) have the optimal speed.

Many authors believe that the catch-up phenomenon would be the major etiologi-
cal factors of obesity, cardiovascular disease, and metabolic syndrome in the future.

The challenge is how to nurture these FT SGA and achieve balance between risk 
of malnutrition (causing cognitive development impairment) and accelerated growth 
without increasing the risk of chronic non-communicable diseases in the future [4].

Exclusive breastfeeding (EBF) from birth until six months of age is strongly 
recommended by WHO for all infants (FT SGA, PT SGA, LBW and preterm infants) 
[1] but the supplementation with standard formula or fortified formula until the 6th 
month of life is it not justified for an optimal catch up?

Levels of overweight and obesity has increased remarkably worldwide and many 
studies found that infants who were grew rapidly were more likely to be obese in 
childhood, adolescence and early adulthood than other infants [7].

The study by Singhal et al. showed that the increased caloric supply in SGA 
infants, especially protein, led to a rapid early growth with fat mass accumulation. In 
the other hand, the breastmilk apart his nutritional components, contains adipokines 
(leptin and adiponectin) that lead to better appetite regulation, helping to achieve a 
healthier weight gain [8].

This fact was consolidated by other studies. After 3 months of age the growth 
diverges markedly between breastfed and formula fed infants with a difference in 
average of 600–650 g at 12 months. Differences in length tend to be less pronounced 
[3] which does not affect the prognosis of the size later. Furthermore, infant formula 
lacks growth mediators found in human milk and slower weight gain of breastfed 
infants was not associated with nutritional impairment in infancy or shorter size in 
adulthood.

In low and medium incomes countries, we note a virtual absence of studies of 
CUG, and to our knowledge the only research done by Bachrouche et al. was inter-
esting [9]. They compared 2 groups (17 EBF FT SGA vs. 13 formula fed FT SGA) 
and there was a significant difference in the mean of weight at the age of 6 months 
suggesting that standard formula provided a faster weight gain and that EBF until 
6 months ensured a slower CUG.

Also, Zegher et al. in his cohort study found that breastfed FT SGA had a higher 
insulin sensivity, normal serum fasting glucose, IGF 1 and adiponectin levels and a 
lower BMI and fat mass when compared to formula fed FT SGA suggesting a reduced 
risk of diabetes and obesity in adulthood [4].

Likewise, FT SGA exclusively breastfed until 6 months matched their genetic 
growth trajectory slower without nutritional impairment.
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In the other hand, in a systematic review it was evidenced that, SGA showed 
higher insulin resistance and higher risk of diabetes [10], and additional to such risk 
and according to the result of latest studies, the early introduction during the first 
months of life of infant formulas or any other supplementation may induce a rapid 
catch-up growth of SGA that is considered as one of major etiological factors of obe-
sity, cardiovascular diseases and metabolic syndrome in adulthood for these infants.

For all that, breastfeeding seems to be the best choice for FT SGA to reach an 
optimal catch-up growth with the best outcomes and this nutrition recommenda-
tion can prevent obesity and cardiovascular and metabolic diseases in this high-risk 
population.

6. Nutrition of PT SGA in the first months of life

The nutritional management of SGA associated to prematurity is more difficult in 
view of this double risk factor of morbidity and mortality. Postnatal nutrition of PT 
SGA must be safe, help to achieve optimal growth but also minimize the potential risk 
for later ill-health.

International pediatric societies recommend that postnatal growth should be close 
to that of the utero growing fetus. In neonatal period, we often need to hospitalize PT 
SGA in NICU for reasons of care and the staff has sometimes to limit nutrient intake.

Once again, Exclusive breastfeeding from birth until 6 months of age, is strongly 
recommended by WHO in PT-SGA, LBW and preterm infants, but is EBF enough to 
fulfill the nutritional requirements of this infants?

Energy and nutrient intakes for preterm based on weight and age of birth have 
been developed and published by several groups and notably by WHO (Table 1). 
Also, ESPEGHAN recommends to apply an enhanced nutrient strategy after dis-
charge from hospital up to 52nd week of GA to all growth-restricted VLBW infants. 
Indeed, the breast milk or pasteurized donor milk as a first alternative milk source 
over standard and preterm infant formula are recommended for preterm and SGA [1].

This strategy improves feeding tolerance, reduces delay to enteral feeding and 
lead to a lower incidence of necrotizing enterocolitis (NEC). The breast milk (BM) 
or donor BM is usually fortified to achieve intake recommendations by preferably 
human milk (HM) originated fortifier better than cow milk-based protein or preterm 
formula.

Limited studies with low to medium quality had compared HM to HM fortified 
and HM to formula. Overall, only human milk compared to formula intervention had 
a positive effect on morbidity among preterm infants while no interventions had any 
effect on mortality. The Bovine/cow milk supplementation had unfavorable effects on 
morbidity and mortality. In a systematic review, 3 studies compared HM and formula 
in ELBW. 2 studies did not observe any effect on growth, and only the study of Manea 
et al. reported that breast milk was more effective than formula at improving the 
weight of these infants [11].

The higher caloric and protein intake for premature infants in general and espe-
cially for PT SGA has as arguments the immediate metabolic risks, the avoidance of 
malnutrition and the promotion of a better neurocognitive prognosis. Hence, nutri-
ent fortification of HM is now standard clinical practice for VLBW babies in many 
settings.

However, it is important to note that these recommended intakes are for guid-
ance and in 45 of 46 studies (summarized in 6 reviews) faster infant growth has 
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been associated with later obesity in both high- and low-income countries, in infants 
preterm or at term and born with normal or low birth weight.

In addition, the argument put forward that poor growth in preterm expose to 
neurocognitive impairment remains unproven according to a recent review [12].

That is why we can suggest that BM without any fortification can be the best 
choice for the PT SGA in neonatal period, based on its immunological advantages, 
its better digestive tolerance, the possibility of early introduction and the possibility 
of reducing hospital stays. After discharge and with a close monitoring of growth in 
PT SGA, EBF until 6 months can be advised with the aim to achieve a catch up with 
a slow and progressive weight gain without any rapid acceleration exposing to the 
obesity and others diseases in adulthood. Although in a recent systematic review, 
involving over 10,000 VLBW infants, we have found much of the evidence for the 
association between growth outcomes and HM intake to be inconclusive, largely due 
to the quality of the evidence [13].

In summary, the concept of EBF for PT SGA can be adopted worldwide, if efforts 
will be directed to conduct high quality studies that can prove that BM is safer for 
these infants in early life and also preventive later from adult diseases by a slower 
growth in the first months of life.

7.  Breast milk values and actions to do for a successful breastfeeding of 
SGA

The benefits of breastmilk are innumerable. All efforts, before conception, during 
pregnancy and in postpartum should be focused on the success of breastfeeding, 
especially for SGA.

Birth to 7 days Stabilization to Term Term

Energy Requirements

Energy kJ/kg (kcal/kg) 292–334 (70–80) 438–563 (105–135) 417–501 (100–120)

Macronutrients

Carbohydrates (g/kg) 5.0–20.0 7.5–15.5 7.5–15.5

Protein (g/kg) 1.0–3.0 3.0–3.6 2.2

Fat (g/kg) 0.5–3.6 4.5–6.8 4.4–7.3

Micronutrients per day

Vitamin A (IU/kg) 700–1500 700–1500 600–1400

Thiamin (mg/kg) 0.04–0.05 0.04–0.05 0.05

Riboflavin (mg/kg) 0.36–0.46 0.36–0.46 0.05

Niacin (NEe /5000 IU) 8.6 8.6 8.6

Vitamin B6 (mg/g of protein 
intake)

0.015 0.015 0.015

Folate (μg) 50 50 25

Vitamin B12 (μg) 0.15 0.15 0.15

Table 1. 
WHO recommended daily energy and nutrient intakes at birth for preterm infants (>1.0 kg). Adapted from 
Edmond, Karen and Bahl, (2006).
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The unimpeachable high qualities of human milk have been well studied and still 
remain an area of research.

Breastmilk confers many immunological, bioactive, psychological benefits for 
mothers and infants. It improves neurologic maturation, protects against NEC, 
diarrhea and infections, and reduce morbimortality in all infants and notably in SGA. 
Recently, a relationship between breastfeeding and epigenetic regulation has been 
found. A study found a significantly lower DNA methylation in children exclusively 
formula fed compared to children exclusively breastfed [14].

DNA methylation is considered as one of the main epigenetic mechanisms 
responsible for gene regulation and a potential biomarker of a variety of pathologies, 
including cancers, metabolic disorders, and cardiovascular diseases. EBF seems to be 
an epigenetic regulator and a protective nutritional feeding from diseases through the 
DNA methylation.

In view of this major importance of BM for maternal and child health, and espe-
cially for SGA who are at high risk of morbidity and mortality during childhood and 
after, all care strategies must support the breastfeeding of these infants.

Many measures are recommended: continuous Staff training, clear information 
for parents, creating neonatal units with kangaroo rooms, creating BM and donor BM 
banks, providing places for breastfeeding and breast pumping in hospitals, public 
places and at work. Also preferring cup-feeding when direct BM is not possible and 
early progressive feeding instead of delayed feeding for PT SGA are recommended. 
Follow-up by breastfeeding consultants should be encouraged for a better chance to 
overcome hardships to succeed an EBF of SGA until 6 months of life.

8. Conclusions

Human milk (HM) is the gold standard for feeding all infants. SGA are a high-risk 
population of obesity, cardiovascular diseases and metabolic syndrome later in life. 
The strategy of nutrition in the first months of life is crucial modulator to prevent 
health issues. EBF is associated with slower growth of SGA, however formula fed 
interventions can lead to a rapid catch-up growth linked to a higher risk of diseases 
in infancy and adulthood. Our nutrition strategies in view of recent data must avoid 
increased caloric supply in the early life and EBF until 6 moths of life would be 
preferred even for PT SGA.

Finally, breastfeeding seems to be the best choice for all SGA to reach an optimal 
catch-up speed with the best outcomes.
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Chapter 13

Exclusive Breastfeeding in Infants 
with Ankyloglossia: Does the 
Tongue–Tie Interfere with Growth 
Patterns?
Christyann Lima Campos Batista  
and Alex Luiz Pozzobon Pereira

Abstract

The effect of ankyloglossia on breastfeeding remains unclear. Most studies focus 
on surgical procedures to correct aspects of breastfeeding, and few studies have 
focused on follow-up patients through. This chapter aims to analyze the influence 
of ankyloglossia on exclusive breastfeeding and the growth of infants up to the sixth 
month of life. A prospective cohort study was carried out with 225 mother–infant 
dyads who were followed up for the first six months of life. Full-term babies with 
and without ankyloglossia were followed up at a specialized breastfeeding center. 
Weight and length were measured and adjustments for age were calculated using the 
Body Mass Index and Z scores. Statistical analyzes were performed using descriptive 
statistics, and ANOVA for repeated measures. No significant differences were found 
in the growth measures of the following babies who remained exclusively breastfed 
(p > 0.05). Thus, compared with infants with the normal lingual frenulum, infants 
with ankyloglossia had no significant changes were observed in the growth measure-
ments of babies with and without ankyloglossia. Infants should be followed and 
supported in initial difficulties to avoid unnecessary surgical procedures since the 
idea that tongue-tied babies could have a different milk flow rate is not supported.

Keywords: breastfeeding, ankyloglossia, infants, growth, failure to thrive

1. Introduction

The cumulative information about benefits in the current literature is massive [1]. 
Human milk is the optimal source of nutrition and protection for newborn infants 
[2]. Well-recognized as the gold standard for nutrition for infants, breastfeeding 
provides health benefits for infants, their mothers, and society [1, 3, 4].

Worldwide, major medical societies recommend breastfeeding exclusively 
for approximately the first six months of life and then continuing with the addi-
tion of complementary foods for as long as mutually desired by mother and child, 
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potentially for two years [3]. This is the official recommendation by the World Health 
Organization [5, 6].

Several factors can hinder the establishment of breastfeeding and its exclusivity 
until the sixth month [7]. Among them, reports of low production or low percep-
tion of milk production by the mother, lack of support or knowledge about early 
difficulties, and pain when breastfeeding due to etiological changes such as nipple 
trauma, vasoconstriction, breast engorgement, ducts can be found in the literature. 
Obstructions, infections, and dermatitis [8, 9].

Thought recent years, a general increase in publications about ankyloglossia, 
popularly known as tongue–tie, emerged as one of the major factors that could 
interfere with exclusive breastfeeding [10].

Ankyloglossia is a congenital condition characterized by adhesion of the tongue to 
the floor of the mouth, resulting from the shortening or abnormality of the fixation 
of the Lingual Frenulum - a fold of mucous membrane - very close to the tip. of the 
tongue and/or on the upper surface of the gingiva or the alveolar crest [10–12]. The 
interest in this subject has increased due to considerable differences in diagnosis and 
treatment and management options around the world [13].

Recently, a systematic review of the literature, estimated a prevalence of 8% in 
babies under 1 year of age [14], with a higher prevalence being reported in male 
babies, in a ratio to a female sex of 1.5:1 to 2.6:1 [15]. Ankyloglossia can be clinically 
divided into two types: symptomatic when the frenulum directly impacts tongue 
movement and function; and asymptomatic, when the diagnosis is positive, but this 
does not result in major problems, especially in the neonatal period [16, 17].

Among the breastfeeding problems caused by ankyloglossia, authors have 
reported that a poor latch could result in low milk transfer, leading to failure to 
thrive in the exclusively breastfed infant [18, 19]. Although, most infants with 
tongue–tie can breastfeed without difficulty [20].

However, in the past years, the number of tongue–tie or ankyloglossia-related articles 
has increased dramatically, and among this research, few studies with robust methodologi-
cal data support early surgical intervention [10]. The strength of evidence for the benefits 
of surgical treatment is limited; thus, other clinical therapies could be more beneficial if 
well implemented [21]. This treatment could be provided by a lactation specialist consulta-
tion and a speech therapist. Still, the optimal timing for surgery is controversial.

Evaluation by a speech pathologist is an essential component of the management 
of infants with breastfeeding problems and children that could have sound articula-
tion problems [22].

Understanding that the general strategies for the infant should focus on support-
ing initiation and maintenance of breastfeeding and the remained controversies 
about the milk transfer rate and the possibility of failure to thrive of infants with 
ankyloglossia, this chapter is presented the result of a longitudinal study that assesses 
the growth of exclusive breastfeeding infants with and without ankyloglossia. The 
objective of this study was to analyze the influence of ankyloglossia on the growth 
evolution of infants up to the sixth month of life.

2. Methodology

A prospective cohort study was carried out at the University Hospital of the 
Federal University of Maranhao (Maternal–Infant Unit) - HUUFMA in the sectors of 
Rooming-in and Pediatric Follow-up Clinic at the Human Milk Bank (HMB), a center 
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specializing in breastfeeding difficulties. HUUFMA is in the city of São Luís, the 
capital of a state in northeastern Brazil.

It is a high-complexity referral hospital for high-risk and habitual pregnancies. 
The estimated population of São Luís is 1.101,884 and an average income of 3.2 mini-
mum wages. The data collection period was from January 2019 to December 2021.

To calculate the sample size, the level of alteration of the lingual frenulum 
reported in a previous prevalence study (8%) [14] was considered. In 2018, 15.959 
live births were computed in the city, and the minimum number of participants 
calculated was 113 participants for a confidence level of 95% (population study with 
80% power, 5% error). A total of 329 mother–infant dyads met the inclusion criteria 
at baseline. However, 225 remained followed up in the study, following the inclusion 
and exclusion criteria.

Mothers who expressed a desire to breastfeed, without medical contraindications 
for breastfeeding, and infants without health problems that could interfere with the 
growth or continuity of breastfeeding were included in the study. Babies with heart 
disease, pneumopathies, neuropathies, or those with genetic syndromes such as 
Pierre–Robin or Down syndrome, as well as twins, preterm newborns, and those with 
birth weight less than 2 kg were excluded.

Participants were recruited in two stages: initially in the rooming-in sector, 
through the “Tongue–tie Test Universal Screening (Teste da Linguinha)” performed by 
a qualified speech therapist. After a detailed assessment and completion of a positive 
diagnosis for ankyloglossia by a qualified speech therapist, those responsible were 
instructed to remain under follow-up in that sector and invited to participate in this 
research; for the group without ankyloglossia, they had to return to the outpatient 
clinic after 30 days of life to monitor growth and development until 6 months of age, 
and at that moment, those responsible were invited to participate in the study. The 
diagnosis was performed using the Bristol Tongue Assessment Tool [23].

Babies who for some reason met the criteria for surgical indication of ankyloglos-
sia correction were removed from the study and referred for the procedure. All par-
ticipants had the assistance of the multi-professional team to overcome the difficulties 
in breastfeeding and were properly instructed on the management of the nutritional 
aspect by a pediatrician and nutritionist.

Social and demographic data, as well as information regarding the type of diet 
declared by the mothers, were collected from the medical records. The birth-related 
variables were collected in the live birth declaration. Growth indicators were collected 
monthly as the dyads attended the follow-up appointment.

The measurements collected were weight in grams (with baby weighed in the 
morning, before feeding, without clothes and a diaper on a Balmak ELP25BB digital 
scale); length in centimeters (calm baby, lying on a rigid and fixed horizontal stadi-
ometer model “Seca Mod. 416”). From these, the body mass index (BMI) (kg/m2) 
was calculated. Adjustments regarding the Z score for age were calculated using the 
WHO Anthro software (v 3.2.2). All growth measurements were collected according 
to World Health Organization recommendations [24].

To analyze the evolution of the infants’ growth, ANOVA for repeated measures was 
used in a general linear model, considering the Greenhouse–Geisser corrections to analyze 
the effects of time, the interaction time x ankyloglossia and ankyloglossia on the outcome 
variables, since the sphericity hypothesis in the Mauchly test was violated. In this analysis, 
only data from infants who remained on exclusive breastfeeding in all months were used.

The significance level adopted for all tests was 5% (p < 0.05). The analyzes were 
carried out using the IBM SPSS Statistics program (version 26).
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This study was approved by the Ethics Committee for Research with Human 
Beings (local Institutional Review Board) under protocol no 3,052,208. The mothers 
and/or guardians of the newborns were informed about the objectives, risks, ben-
efits, and procedures of the research and were invited to sign the Free and Informed 
Consent Form to participate in the study.

3. Results

A total of 225 dyads contained information on the outcome variable (weaning) in 
the study database and were entered into the final analysis. The median maternal age 
was 28 years (IQ 22–34).

It was observed that 27% of the sample presented early weaning and that, among 
infants with ankyloglossia, which represented 24% of the sample, the proportion of 
weaning rose to 51.9%. The general characteristics of the sample at the baseline are 
presented in Table 1.

The number of follow-up infants exclusively breastfed was presented in Table 2. The 
analysis showed no significant differences between the interaction of time x ankyloglossia 

Variables N (%)

Newborn sex

Male 130 (57,8)

Female 95 (42,2)

Breastfed in the first hour

Yes 138 (65,4)

No 73 (34,6)

Missing (14)

Mother’s age

18 years old or less 18 (8,1)

Above 18 till 30 years 117 (52,7)

31 years old or more 87 (39,2)

Missing (3)

Marital status

Husband, live together 179 (79,6)

Single, widow 46 (20,4)

Mother’s maximum educational level

Elementary or less 31 (13,8)

High school 142 (63,1)

Graduate or more 52 (23,1)

Mother’s occupation

Jobless 104 (47,1)

Work 100 (45,2)

Just student 17 (7,7)
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or isolated ankyloglossia on the reported measures (p > 0.05). For a better description of 
growth, only infants who were on exclusive breastfeeding were included in this analysis.

We observed that for the crude values in the intra-subjects (ANOVA) was a sig-
nificant association that was not repeated for Z scores. This indicates that the infants 
followed in this study did grow positively and the adjustment for age was considered 
normal. In the other words, the infants did grow in the normal velocity and rhythm, 
ankyloglossia does not affect these measures.

When we observed the values for ankyloglossia isolated, none of the variables has 
an association with the grown measures, that is, the presence of tongue–tie does not 
affect the growth when we compare the groups (p > 0,05).

Figure 1(A–F) visually shows the growth curves between the groups analyzed, 
reporting no differences between the curves. All growth measurements were consid-
ered within the normal range according to the WHO growth curves.

Variables N (%)

Missing (4)

Family income

1 minimum wage (MW) or less 94 (42,2)

Above 1 till 3 MW 80 (35,9)

Above 3 till 5 MW 43 (19,3)

5 SM or more 6 (2,7)

Missing (2)

Is the mother’s first infant

Yes 111 (49,3)

No 114 (50,7)

Delivery type

Natural 103 (46)

C-section 121 (54)

Missing (1)

Ankyloglossia

Yes 54 (24)

No 171 (76)

Apgar Score

1° minute, median - M, interquartile interval IQ 9 (8–9)

5° minute, M (IQ ) 9 (9–9)

Birth weight, mean - m (standard deviation SD) 3212,9 (27)

Cephalic perimeter, M (IQ ) 34,5 (33,5-35,3)

Thoracic perimeter, m (SD) 32,8 (0,3)

Length, M (IQ ) 49 (47–50)

Table 1. 
Social and demographic characteristics of mothers and infants in the baseline of the study, São Luís, Brazil, 
2019–2021.
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4. Discussion

The main findings of this study, which analyzed the influence of ankyloglossia 
on aspects of growth, suggest that tongue–tie did not interfere with the growth of 
healthy full-term infants diagnosed when compared to infants without the normal 
tongue when they were exclusively breastfed until the sixth month of life. Life. This 
finding corroborates the hypothesis that ankyloglossia does not interfere with the 
milk flow transmitted during sucking and that babies with and without ankyloglossia 
can breastfeed exclusively and have the same growth rate and speed.

To this date, this is the first long-term follow-up study in early life to report the influ-
ence of ankyloglossia on growth indicators. Other studies [25–27], below, were similar 
in pointing out how ankyloglossia can act on the sucking and swallowing mechanisms, 
thus being able to affect the ingestion of human milk from the mother’s breast.

In a retrospective study carried out in Austria, low weight gain was observed, 
for example, among effects on breastfeeding of infants aged 0–12 months such as 
breast pain, irritability, cracked nipples, reduced milk production, and poor attach-
ment. However, this effect was not measured, being only reported by parents in the 
presentation of symptoms for frenotomy/frenectomy [26]. A systematic review of 
the literature by Manipon [25] states that weight loss is a common problem, but the 
isolated relationship of ankyloglossia with this outcome, or the age of presentation of 
these indicators, was not evidenced. A study by Livingstone et al. [27] reported cases 
of dehydration after massive weight loss caused by breastfeeding problems, citing 
ankyloglossia among adjacent disorders, but without mentioning its direct effect on 
the outcome.

The concern with the adequate growth of the baby is constant for families that 
seek medical help for breastfeeding problems in the first months of life and adequate 
multidisciplinary follow-up can be requested [28, 29].

Figure 1. 
(A–F) Graphics showing the monthly evolution of infant growth indicators, according to ankyloglossia. Curves: 
Mean (95% CI) of weight in kg for age (A); length in cm for age (B); body mass index for age (C); weight-for-
age Z score (D); length for age (E) and body mass index for age (F).
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The growth velocity seems to be more linked to the feeding method, and the 
effects of weaning can be corrected by the use of formulas, generally more caloric 
in advance in babies with this alteration [30]. Thus, this study analyzed only infants 
who remained on exclusive breastfeeding until the 6th month. A longer duration of 
exclusive breastfeeding can impact overall growth [31].

It is observed that breastfeeding problems should be the criteria to be taken into 
account when deciding on the frenotomy/frenectomy correction procedure, and in 
the current scientific literature, concerns about growth indicators are not mentioned. 
It is theorized that problematic breastfeeding resulting from ankyloglossia can gener-
ate low weight gain and consequent hypodevelopment.

Among the benefits reported after surgical intervention are the reduction of pain 
when breastfeeding and the improvement in the quality of breastfeeding [29, 32, 33]. 
Attention must be given to a precise clinical indication, as complications, although 
rare, can be found in the literature. A study carried out in New Zealand found an 
incidence of 13.9 problems per 100,000 procedures, such as feeding difficulties, 
respiratory events, pain, bleeding, and weight loss [34].

Therefore, it is evident that a reduction in frenotomy/frenectomy rates may result 
from the establishment of a multi-professional consensus with continued education 
and improvement of diagnostic methods for tongue–tie [35]. For this, the determina-
tion of comorbidities associated with ankyloglossia, such as alterations in growth 
indicators, can prove efficient to avoid unnecessary procedures.

This research was conducted in a center specializing in breastfeeding, which 
may lead to selection bias or bias in the reported rates, as mothers were continually 
instructed to continue with exclusive breastfeeding and were helped when they 
reported problems. However, this situation can be seen as a strong point since, even 
for the group with the alteration, the total breastfeeding time was longer than the 
national average, demonstrating that adequate monitoring and guidance can be deci-
sive for reducing the chance of weaning, thus highlighting clinical and non-surgical 
measures as a protective effect of breastfeeding.

5. Conclusions

In EBF infants, no differences were observed in the measures of growth assessed 
up to the sixth month of age, demonstrating that, for all groups, the studied indica-
tors were equivalent.

Adequate follow-up by a specialized team can help in the early diagnosis and treat-
ment of ankyloglossia, which may result in a decrease in weaning rates and improve 
children’s health indicators. Thus, in this way, early surgery could be unnecessary if 
the mother–infant dyad has the correct support and guidance on breastfeeding.
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Chapter 14

Cost-Effectiveness and Equity 
Trade-Off for Breastfeeding 
Interventions
Sinead M. Hurley, Kathy Whyte and Jan Sorensen

Abstract

Many factors influence mothers’ decisions to begin and continue breastfeeding 
(BF). These include individual, societal and policy factors. In this chapter, we address 
these factors including the social differences in BF practice among Irish women and dis-
cuss important policy implications (efficiency and equity). It is well-documented that 
BF practice is different for mothers with different social backgrounds. Traditionally, 
evaluations of BF support interventions have focused on either the effectiveness or the 
equity issues, but rarely analysed both in a joint framework. The aim of this chapter is 
to discuss the cost-effectiveness and equity trade-off for BF interventions. We identify 
different BF support interventions and focus on social differences and their influence 
for maintaining BF practices. We illustrate how the “Distributional cost-effectiveness 
(DCEA) framework” can be applied to these interventions and how some interventions 
may be more effective in changing behaviour and outcomes for mothers with different 
social-economic status (SES), which may change the inequality in effectiveness and 
reduce the health equity.

Keywords: breastfeeding, socioeconomic, cost-effectiveness, interventions, inequality, 
equity

1. Introduction

Ireland has the lowest breastfeeding (BF) rate among Western countries at about 
61% compared to rates of 94% in Sweden, 95% in Australia, 81% in the UK, and 79% 
in the USA [1–5]. The Irish proportion of babies being exclusively BF on discharge 
from hospital is even lower at 44% [3]. Figure 1 shows a slowly growing proportion of 
babies are breastfed on discharge from hospital from 2011 to 2020, although around 
two out of five babies are still being fed with artificial feed. Ireland has introduced 
many BF strategies and actions such as; the European Perinatal Health reports, reports 
documenting BF actions from collaborations with the WHO Baby Friendly Hospital 
Initiative and the BF in the Healthy Ireland Health Service Executive Action Plan 2016–
2021 [6]. However, Irish BF rates still continue to lag behind Western counterparts.

It is widely recognised that BF provides health benefits to both the baby and 
the BF mother [7]. It is reasonable to assume that there will be some form of 
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exposure-response relationship, although it may be difficult to quantify based on 
observational data. Indeed, systematic reviews have identified that studies use differ-
ent methodologies to analyse this relationship, and the empirical results show great 
variation, dependent on the intensity (exclusive or partial) and duration of the BF 
practice [8]. Systematic reviews have reported evidence that suggests that babies who 
are exclusively breastfed over 6 months have lower risks of developing infections and 
other complications in comparison with babies who have been exclusively fed with 
artificial feeding [9]. Studies have identified that BF reduces the risk of a range of 
infectious diseases and BF has a preventive effect against developing obesity [10].

The types of infectious diseases being present from mothers who don’t BF versus 
those who do include otitis media, gastroenteritis, childhood pneumonia, as well as 
childhood obesity, type 1 and type 2 diabetes and cancers [8, 11]. The duration of BF is 
essential in terms of the child health outcomes. BF for greater than 6 months has protect-
ing influences from childhood overweight/obesity [10]. Child intellectual activity such 
as reading and remembering has been shown to improve with higher rates and longer BF 
duration [12]. A recent study in 2022 demonstrated that longer BF duration was associ-
ated with improved cognitive score of children from age 5 up to age 14 [13]. Breastmilk 
contains antibodies and protective factors that transfers cytokines and growth factors to 
the infant which can stimulate the infant’s immune system and reduce the risk of infec-
tion. Lactoferrin has anti-inflammatory, antioxidant, antiviral and antimicrobial effects 
and lactoferrin supplementation has been shown recently to reduce the cytokine IL6 and 
associated systemic inflammation [14]. BF over a long period reduces the risk of breast 
cancer in comparison with mothers who have not been BF their babies [15].

Beyond the health benefits of BF, a higher BF rate can offer substantial financial 
savings in the long term by reducing infant infections such as gastrointestinal and 
respiratory infections as well as otitis media, necrotising enterocolitis and breast 
cancer, which are all significantly reduced in women who are BF the infant [16]. In 
addition, in a review article from 2022 we identified BF as a mediator for youth adi-
posity in Ireland and the UK [17]. In the UK for example the cost to the economy from 
infant infections alone was £89 million and approx. £959 million for breast cancer 
treatments [18, 19]. Not many papers have studied the cost-effectiveness of promot-
ing BF in Ireland, but one reported that BF for low-birth weight babies was associated 
with lower costs and greater health benefits [20].

Figure 1. 
Types of infant feeding at discharge from hospital, Ireland 2011–2020.
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2. Factors relating to Irish women’s decision to BF

Irish women’s decision to BF are influenced by individual, societal and political 
factors as illustrated in Figure 2.

Individual factors relating to BF decisions include women’s perceptions of healthcare 
professionals (HCP), level of education and awareness among others. Building trust 
with HCPs is important for women to feel more supported in their BF choice and more 
in control during their pregnancy. Individual factors are influenced by women’s SES. 
SES reflects an individual’s position in society and is determined by an individual’s 
social and economic status such as income, education level, occupation and area of resi-
dence. BF rates vary between urban and rural settings. This variation is partly explained 
by the level of maternal education and household income [21]. In Ireland, women living 
in socioeconomically disadvantaged areas are less likely to BF compared to those living 
in a more socioeconomically advantaged area, and they are also less likely to continue 
BF [22]. The proportion of babies that are artificially fed are lowest for women in higher 
professional work, indicative of educational attainment (Figure 3).

Societal factors include advice offered to women from HCPs during pre and post 
pregnancy care. Immigrant women living in Ireland felt that HCPs “did not sufficiently 
stress the importance of BF in Irish hospital setting” [23]. They made a number of 
suggestions for governments and HCPs to support women to exclusively breastfeed 
in Ireland including BF counselling, more advice from HCPs, and that governments 
should develop better BF facilities in public places such as public parks or shopping 
malls. The health service executive (HSE) published the National Standards for 
Antenatal Education which identifies elements that should be included in all antenatal 
education programmes [24]. One of the themes of this was having an educated work-
force to provide BF skills to women. More of these supports are needed for BF women in 
Ireland. In a study in three countries: Australia, Ireland and Sweden, exploring women’s 
perceptions of what best encouraged them to BF, the main factors were support and 
social networks which included face-to-face or online informal support, societal sup-
port from HCPs, and the supportive BF culture of the particular country [25].

Societal factors include the culture of a country which has an important role as to 
whether BF practices take place and for how long. Ireland’s BF culture reported women 
“feeling embarrassed” about BF in public [26]. In a comparison study with Sweden and 
Australia, Ireland ranked highest for having a “BF environment not suitable” [27]. The 
cultural views on BF practices differ in other EU states. Swedish culture for example is 
reported to be supportive towards public BF practices, where Swedish women found 
engaging in BF practices in public to be “easy and enjoyable” [28]. In order to create 

Figure 2. 
Factors influencing BF decisions.



Infant Nutrition and Feeding

210

a BF-supportive culture it is essential to instil positive attitudes towards BF women 
early on and encourage continued self-efficacy, beliefs in their ability to breastfeed. 
Supportive environments that promote increased BF include, more social, family and 
partner supports. Women should feel empowered, supported and look favourability 
on BF practices in public.

Policy factors influencing BF decisions include: National policies i.e. maternal and 
parental leave policies, Irish marketing practices including the marketing of infant 
formula, BF promotion policies and policies related to the level of resources and sup-
ports provided to women returning to the work environment after leave [29]. Other 
policies are hospital/HCP guidelines i.e. the baby friendly hospital initiative (BFHI), 
educational policies i.e. healthcare staff educational requirements and individual 
policies such as those providing one-to-one support to women.

Paid maternity and parental leave policies have a role in BF decisions. Evidence 
has demonstrated that the longer the period of paid maternity or parental leave, the 
higher the rates of BF and the higher the odds of initiating BF in the first instance 
[30, 31]. BF has been associated with multiple positive benefits for both mother and 
child and it is recommended by the World Health Organisation (WHO) and HSE to 
exclusively breastfeed for a minimum of 6 months [32]. The duration of maternity 
leave and sharing parental leave, has also been associated with longer BF rates [33]. 
Ireland has the fourth shortest period of paid parental and maternity leave compared 
to other European countries [34]. In Ireland women can take 26 weeks (182 days) paid 
maternity leave with up to an additional 16 weeks of unpaid leave [35]. Maternity 
leave is paid by the Irish government or by employers, but employers in Ireland are not 
under obligation to pay maternity leave [35]. The duration of leave means that many 
Irish women feel compiled to begin work sooner than they wish leading to discontinu-
ation of BF practices [36]. A study in three Organisation for Economic Co-operation 
and Development (OECD) countries ranked Sweden as the country providing the 
longest paid maternity and parental leave from all three countries and having the 

Figure 3. 
Proportion of babies fed with artificial feeding by mothers’ socioeconomic status, Ireland, 2020.
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highest proportion of women returning to full time work after leave [37]. In contrast 
to Ireland, Swedish parental leave is paid up to 68 weeks (480 days) and each parent is 
entitled to 120 days each which they can either choose to divide between them or take 
solely by one parent [38]. The OECD report indicated that 77.8% of women return to 
full-time employment after parental leave in Sweden versus 61.5% in the US and just 
44.4% in Ireland [37].

 The marketing and advertising of infant formula can discourage women from BF 
which may contribute to the low BF rates in Ireland. Ireland is one of the biggest produc-
ers of infant formula in the world which results in higher advertising and marketing 
of infant formula contributing to lower BF practices [39]. The Code of Marketing of 
Breast-milk Substitutes (BMS) from the WHO states that marketing of breast milk sub-
stitutes should not be allowed up to 36 months, and EU food law states that companies 
are not allowed to make health claims about infant formula or compare breast milk and 
infant formula or imply it is superior to BF [40]. The Food Safety Authority of Ireland 
(FSAI) audits the labelling of infant formula in Ireland. However, breaches of milk 
formula marketing rules do occur. Milk formula manufacturers also sponsor certain 
helplines and other agencies and offer free gifts for health care workers (HCWs). The 
result of this is negligible on patients attending care during pregnancy. Governments 
and other policy-makers are urged to do more. A proposed amendment to the Online 
Safety bill was recently made to restrict marketing of infant formula and follow on 
formula [41]. This would legally restrict the marketing of follow-on infant formula as a 
proposed alternative to BF practice.

3. Interventions to support BF

Interventions to support BF include Individual, Societal, and Policy- 
based interventions.

For Societal (environment, education, counselling and support) interventions, 
different approaches have been studied. Some previous reviews indicated that 
methods such as one-to-one education, counselling and support provided to women 
over a long time period is an effective method of promoting BF [42, 43]. This may be 
even more effective for women of lower SES. Internet support may be a useful adjunct 
to face-to-face care. The settings where the interventions were conducted varied, as 
did the training which was provided to those performing the interventions. For peer 
support, there are considerable differences which include the study populations, the 
definition of peers, and the definition of counsellors, peer counsellor training proto-
cols, peer visit schedules, and outcome ascertainment methods between trials. In the 
majority of studies, the interventions were compared to ‘routine care’, the definition 
of which seems to vary considerably between countries.

The acute maternity care settings are central for implementation of structured 
programmes to support BF. The content of such programmes could replace an exist-
ing programme, such as the BFHI, in full or in part, or be specifically developed to 
reflect local needs. A review of 21 studies (mostly observational) and five systematic 
reviews observed the introduction of a structured BF programme which offered some 
improvement in the duration of BF but these structured programmes were not always 
statistically significant [44]. A Cochrane review of 52 randomised control trials 
(RCTs) indicated that providing support to women during BF is effective in increas-
ing the rates of exclusive BF [42, 45]. Having the appropriate supports in place would 
be effective in health care for increasing BF initiation, however support mechanisms 
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should be offered at all heath care settings. Support may be offered by professional 
health care staff, through peer to peer support groups either in person or online. The 
media also plays a role in relaying evidence based supportive advice to women on BF. 
Support that is offered face-to-face is more likely to be the most effective.

Providing professional support to women has been shown to promote BF for a 
longer period of time [46]. Support should be tailored to the setting and the needs of 
the population group. In the same Cochrane review, a subgroup analysis of two stud-
ies (162 women) evaluating the effect of repeated informal BF education programmes 
personalised to each woman’s needs showed a statistically significant increase in the 
number of women starting to breastfeed as a result of the intervention. The reviews 
that addressed interventions among adolescent mothers showed mixed results, but it 
is clear that peer support and educational interventions improve BF rates, especially 
when these are targeted at individuals.

Exclusive BF during hospital stay also significantly increases BF duration outside 
the hospital irrespective of SES [47–49]. In addition, regardless of SES, BF moth-
ers generally need practical knowledge and experienced support in order to attain 
BF success, however disadvantaged mothers may require extra support in order to 
overcome BF problems [50–52]. Education for women should be aimed at increasing 
their knowledge of BF practice and to acknowledge the possible lack of exposure to 
BF they may be engaging in along with trying to allay fears that their baby will not be 
satisfied by breastmilk alone. All new mothers need support from professionals and 
others to reassure them that exclusively BF will provide sufficient nutrition for their 
infants. Education about the benefits of BF should also be extended to their partners 
and the community [53]. Developing healthcare professionals’ capabilities to educate 
disadvantaged groups, their social networks and the public about BF is crucial [54].

Educational resources and BF supports for women should include adequate lacta-
tion consultant visits. In New Zealand for example at 3,650 annual births, there were 
3 full-time lactation consultants in the Women’s Health Service and 0.8 full-time in 
the Neonatal Intensive Care Unit at the hospital setting in 2017, which if applied to 
Irish figures of 62,039 births would equate to approximately 50 full time lactation 
consultants to meet demands in the Women’s Health Service [55]. In Ireland there are 
significantly less numbers of lactation consultants and there is a significant need for 
additional lactation consultants in hospitals, with some having no specialist lacta-
tion posts in lactation [55]. In order to increase the availability and affordability of 
lactation consultant services for BF women, more public funding should be made 
available. In addition, private demand could be increased by health insurance plans 
providing coverage for lactation consultant services. There are a number of volunteer 
support groups across Ireland that support women and offer guidance and advice 
on BF practices. Some of these support groups include: La Leche League of Ireland, 
Friends of Breastfeeding, and Cuidiú support groups, among others. Many of these 
groups were set up by women wanting a better understanding of BF and more 
supports and better accessibility to these supports for Irish women. While there are 
many groups setup, some areas of Ireland are still limited in terms of accessibility and 
location. More advice from HCPs, more resources and encouragement to attend these 
groups early in an infant’s stage of growth are needed.

Policy interventions can further support BF practices. A barrier is a lack of resources 
and supports to BF women returning to work. The Work Life Balance and Miscellaneous 
Provisions Bill (2022) was recently proposed in Ireland to provide parents with rights to 
better support a work life balance including, extending BF breaks by allowing women to 
take paid time from work each day for BF [56]. This will assist women and support BF 
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practices but much more needs to be done [25]. BF duration and pressure to return to 
work due to poor pay is forcing women to stop BF early or to not begin at all [36].

For policy-based interventions under hospital and HCP guidelines, the BFHI 
guidelines indicate that interventions including structured programmes to promote 
BF are required as well as promoting early skin-to-skin contact (SSC), the practice 
of rooming-in, where the baby’s crib is kept beside the mother for mother-infant 
contact, and avoiding supplementary infant feeding are important [57].

4. Other factors to consider in relation to BF interventions

It is also important to consider other influencing factors such as the timing of the 
intervention with respect to the pregnancy, who delivers the intervention, the target 
group, and the use of e-health technology as an add on to in-person supports. With 
technology and telephone support forming an ever increasing integral part of health-
care delivery, the development of web-based, text messaging, electronic prompts 
and interactive computer interventions promote and support BF [58]. Technology 
for assisting women in public to find facilities and services for BF are very useful. 
Further investment in technology is also needed to support women to find facilities 
that are available in their area. A study conducted demonstrated the advantages of 
the “FeedFinder App” whereby women shared views on various facilities and level 
of privacy [59]. Women should feel empowered to breastfeed in public and technol-
ogy also can have a positive role. Business owners may also become more motivated 
to have positively reviewed facilities as it may enhance their customer numbers and 
instil more awareness on the benefits of BF facilities in public.

5. Demonstrating health economic value of BF interventions

Whether BF interventions are offering better opportunities, better knowledge or 
developing a supportive environment, the end result of these programmes is determined 
by the women’s willingness to engage and continue BF. Evaluations of these interventions 
must therefore consider to which extent they are able to influence women’s BF inclina-
tions. This may be observed in the proportion of women who begin BF and continue to 
exclusively breastfeed their babies which should be for at least 6 months as recommended 
in various guidelines and recommendations e.g. by the WHO. Women’s BF practices are 
difficult to monitor and systematically observe. Most data collection about BF will rely on 
accurate self-reporting and holds a risk of misclassification. This would imply that there 
are various errors in reports of the duration of exclusive and partial BF periods.

In an Irish context, there is a National Perinatal Reporting System (NPRS), which 
captures all births and this system obtains data on the infants’ feeding at the time of 
discharge from the birth hospital or midwifery service [3]. Three categories of feeding 
are used: Artificial feed, Breast, or Combined artificial and breastfeed (see Figure 1). 
The accurate reporting of this variable requires that the researchers have access to 
information about the real BF practice. Such information may be obtained through 
direct observation or conversation with the woman, through qualitative studies or 
through analysing and reporting records in the medical charts. It is clear that the time 
of discharge from hospital will be between one-three days after the birth [3]. After 
discharge from hospital, BF practice may depend on the women’s level of knowledge 
and support provided.
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“Growing Up in Ireland” (GUI) is a national longitudinal study of children in 
Ireland. This represents a different way of collecting data about BF. The first data 
collection point is when the child is 9 month old. Questions about BF are included in 
the personal interviews of predominantly the mothers. An analysis of BF practices 
sampled 11,134 infants out of 41,185 born during December 2007 and 2008, and 65% 
of the sampled families agreed to take part [60]. The BF initiation rate was 56% and 
reduced to 48% when the baby was brought home from hospital. In all, 44% of the 
babies were reported to be ever exclusively breastfed and 8% were reported to be 
breastfed 9 months after the birth [60]. The study reported substantially lower BF 
initiation rates for mothers born in Ireland (48.8%) in comparison with mothers born 
elsewhere (82.3%). The study reported higher BF rates for women aged over 30 years 
(~60%) and women of higher SES (>75%) [60].

Although the full picture of BF practice in Ireland is not conveyed through these 
data sources, it is clear, that the WHO recommendations of exclusively BF during the 
first 6 month of the infant’s life, is not followed for all babies. It would appear that 
there continues to be scope for further public programmes, to support BF practices in 
Ireland. With limited resources allocated to healthcare and with competing demands 
for these resources, it is relevant to analyse and document the value from investments 
to better support BF practice.

To inform decisions about what might be appropriate investments, the target 
groups, configuration, content and organisation of BF support programmes should 
be clearly specified to enable a careful analysis of their potential costs, effects, cost-
effectiveness and potential impact on social equality.

6. Models for BF support

It is worth carefully considering different models for how health interventions can 
be implemented especially across different social groups. One model could be provid-
ing BF support to all women who have given birth. It is then crucial to consider whether 
the acceptance of the BF service will be similar for all social groups. This is unlikely 
to be the case especially if the mothers have to make an active effort themselves to get 
contacts with the BF support. There may be mothers who are well experienced with 
approaching HCPs and following their advice, and there may be mothers who find 
it much more difficult. This difference may relate to the mothers’ social and cultural 
background including demographic and social factors and health literacy.

It is likely that mothers with lower health literacy may be less likely to get in contact 
with the BF support, and if that is the case, there may be an unequal effect of the 
programme across different social groups. A universally available intervention is thus 
likely to be more favorable for mothers with higher health literacy and less favour-
able for mothers with lower health literacy. This will be expressed as variation in the 
uptake of BF support and by implication, the proportion of mothers who successfully 
initiate BF after the birth. When having established contacts between the BF support 
and mothers, there may also be variation among social groups in their acceptance, and 
willingness and opportunities to follow the advice and recommendations to breastfeed. 
Mothers from some social groups may find it easier and more appropriate than moth-
ers from other social groups. This will in particular be expressed in social variation in 
the duration of BF (e.g. the proportion who is exclusively BF 6 months after the birth).

The health benefit of BF for both the baby and the mother may also be different for 
different social groups. Very little empirical research has explored this. It is generally 
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challenging to demonstrate the positive health benefits of BF, in different social groups 
although several meta-analyses have identified health benefits. The causal inference is 
generally challenging. The challenges relate partly to whether the effect found in studies 
from different populations and jurisdictions can be assumed to apply in other contexts. 
Furthermore, there may be different valuations of the health benefits from different 
social groups. If there is social variation in the health benefits from BF by social groups, 
then that is also something that should be considered when evaluating BF interventions.

7. Models for outcomes

An American group of clinicians developed a model framework to estimate the 
impact of changes in BF practice on population health and costs [61, 62]. They analysed 
the health impact of higher BF rates on a range of maternal diseases including number of 
cases, deaths and costs related to pre-menopausal ovarian cancer, breast cancer, hyper-
tension, diabetes, and myocardial infarction. For the baby they considered cases, deaths 
and costs related to acute lymphoblastic leukaemia, crohn’s disease, ulcerative colitis, 
sudden infant death syndrome, otitis media, gastrointestinal illness, obesity, lower respi-
ratory tract infection and necrotizing enterocolitis. They modelled the outcomes for 21 
different BF scenarios specified by monthly rates of exclusive or any BF until 12 months 
after the birth. They employed BF rates for different US states and reported results sepa-
rately for the non-Hispanic white, non-Hispanic blacks and Hispanic sub-populations.

Behind their analysis was a mathematical model, which probably represents 
the most detailed approach to simulating the health outcomes from BF. The results 
should be interpreted with due consideration of the underlying assumptions and their 
validity in relation to the analysed population. Similar, although less comprehensive 
models of BF outcomes have been reported for Mexico and the UK [63–65].

8. Costing BF support programmes

8.1 Gross-costing approach

Costs of BF support programmes can be determined using either a gross-costing 
or a micro-costing approach. The gross-costing approach determines the cost of the 
programme by identifying the aggregated amount of resources required to implement 
and run the programme. The cost analysis of the programme will need to consider 
which resources are required and their associated cost. The costs may relate to the 
salary, consumables, transport and overheads. The gross-cost of a programme could 
be determined based on assumptions of the number of staff and related resources as 
illustrated with fictitious numbers in Table 1.

These total costs can then be apportioned to participants or activities conducted as 
part of the programme in order to assess the average cost per:

• Peer-support groups established.

• Mothers offered BF support.

• Individual and group contacts.
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8.2 Micro-costing approach

The alternative micro-costing approach is based on explicit assumptions of 
resource use for different activities in the programme. Four different activities are 
outlined in Table 2 with number of activities included in each.

Each activity is specified by nominal (ideal) numbers of contacts in a month or 
year, or number of contacts for mothers who enter the programme (e.g. 3–5 contacts 
during the first 12 months after the birth). The contacts may be counted as individual 
sessions or as group sessions.

9. Cost-effectiveness of BF support programmes

When there is information about the cost of different configurations of BF sup-
port programmes and the associated outcomes can be modelled based on descriptions 
of the target group, uptake and adherence to the programme, the cost-effectiveness 
and “value for money” can be assessed.

Peer-support 
(groups of 8)

6-month BF support of 
mothers initiating LC 

services

Single, 
individual 

contacts

Group 
contacts

Initiation 2 h 1 h 0.5 h 2 h

Contacts 1 h 5 contacts @1 h 5 contacts 
@1 h

Number of 
participants

8 1 over 6 months 1 6 per group

Facilities Private homes/
public space

Hospital and private 
home

Hospital Meeting 
space

Transport cost €20 €40 €0 €0

Total cost per 
woman

€100 €300 €250 €50

Table 2. 
Illustrative micro-costing of a BF support programme.

Resource Cost per month (€]

Salary (10.0 full time lactation consultant) 60,000

Secretarial support (2 FT) 8000

Consumables 2000

Transport 5000

Consultation and office space 10,000

Overhead 40% of above 30,000

Total cost 115,000

Table 1. 
Illustrative gross-costing of a BF support programme.
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In cost-effectiveness analyses, different programmes are compared against a 
base case, which often is the current situation. The required cost of the programmes 
is related to the health outcomes and the potential downstream healthcare costs in 
so-called incremental cost-effectiveness ratios (ICER). The incremental cost is the 
additional cost of the BF programme and the cost of future healthcare (which might 
be savings, if the BF programme is successful in reducing the disease incidence for 
the babies and their mothers). These incremental costs should be related to a valid 
measure of effect, which could be gains in the proportion of exclusively 6-month 
breastfed babies, time without disease for the baby or mother, life expectancy, health-
related quality of life, or quality-adjusted life years (QALYs).

By comparing the ICERs for different configurations of the BF programmes, it 
is possible to identify those programmes which are more cost-effective (lower cost 
per unit of effect) and should be preferred over the less cost-effective programmes 
(higher cost per unit of effect) [20]. If decision makers want to assess to what extent 
a BF programme represents “good value for money” in comparison with investments 
in other healthcare interventions, there is a need for an effect measure that can be 
used to compare health outcomes across different populations and interventions. 
The QALY measure is a composite indicator that combines health-related quality of 
life with life expectancy. This outcome measure can also be used in the modelling 
of health outcomes from BF programmes. If the incremental cost per QALY is less 
than €35,000 the programme is traditionally considered to represent “good value for 
money” and would be recommended to be implemented [66]. The QALY outcome 
measure was used in a UK analysis and was enumerated separately for the baby and 
the mother, and combined into an ICER at €52,000 per QALY, which is not consid-
ered to represent “good value for money” [64].

A number of additional cost-effectiveness analyses have been reported. A Mexican 
model-based cost effectiveness study compared two optimal BF scenarios with 95% of 
all babies being breastfed for the first 6-months exclusively and 95% of all babies being 
breastfed between 12 and 36 months of their life in comparison with the suboptimal 
practice reported in 2012 [63]. A microsimulation model was developed to follow a 
synthetic cohort of 100,000 15-year-old women in terms of their fertility, BF practice, 
and incidence of breast cancer, treatment costs, mortality rates, employment and income 
status over their remaining life time. The two scenarios were simulated and the difference 
in outcomes from the base case were interpreted as the potential impact of more frequent 
and longer BF practice. The base case model was calibrated with best local data from 
available sources. The impact of BF on breast cancer risk was expressed in terms of rela-
tive risk rates obtained from previous meta-analyses. An increase of 6-month exclusive 
BF rate from 14 to 95% was modelled to avoid 573 breast cancer cases and 126 premature 
deaths per 100,000 women during their lifetime. This resulted in a gain in 2629 DALYs 
and a total cost saving at US$14 Mio. If the BF during 12 and 36 months increased from 33 
to 95%, the analysis showed a lower, but still positive effect on health outcomes and costs.

A different UK-based model assessed the costs-effectiveness of BF for preterm infants 
[65]. They used a cohort of 51,700 preterm infants (2013, in England and Wales) and 
compared health outcomes and healthcare costs in a scenario where all premature infants 
were fed with human milk during their first 6-month lifetime in comparison with a 
scenario where all premature infants were fed formula milk. From literature reviews, they 
identified odds ratios and costs of the infants experiencing any of the following outcomes: 
sepsis, necrotising enterocolitis, sudden infant death syndrome, acute otitis media, 
childhood leukaemia, childhood obesity and the associated impact of developing type-2 
diabetes and coronary heart disease, neurodevelopment impairment and disability. They 
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found that the BF scenario provided better health outcomes and lower healthcare costs 
with a potential saving per infant at £583 and a mean QALY gain at 0.088.

A more recent UK-based model was developed to inform the national guidance 
on postnatal care in England [64]. A decision-analytic cost-effectiveness model was 
developed to evaluate a range of interventions added to standard care. These inter-
ventions aimed at increasing BF included different models of education, advice and 
support provided by professionals or peers before or immediately after, or within 
the first 8 weeks after the birth. The primary outcome was “any BF, 16-26 weeks 
after birth”. The derived outcomes for the infant related to gastrointestinal infection, 
respiratory tract infection, acute otitis media, and mortality due to infections disease 
and due to sudden infant death syndrome. The derived outcome for the mother was 
breast cancer. The assumed impact from BF were obtained from comprehensive 
literature reviews conducted on behalf of the Lancet BF Support Group [67]. In the 
base-case analysis, the BF support model reduced the number of disease episodes in 
both infants and mothers. The QALY gain per 1000 babies and women were modelled 
at 0.16 for infants and 1.09 for mothers. However, the modelled intervention cost 
at £84 per baby exceeded the modelled cost-savings £10, resulting in an ICER of 
£52,000 per QALY which is normally not considered to be cost-effective. By chang-
ing the assumptions related to e.g. intervention cost and effects, the model indicated 
situations where the ICER might suggest cost-effectiveness and dominance.

In their discussion of the results, the authors point out that the quality of data 
regarding the associations between BF and avoidance of certain diseases are relatively 
low, due to studies with risk of bias related to the randomisation process, selective 
reporting and missing outcomes. They also comment on the variations related to the 
models of interventions. BF interventions may vary in model of delivery (face-to-
face, telephone, individually vs. groups, or combinations), the number of contacts, 
the duration of the intervention, the place of delivery (home, hospital, community 
setting or combinations), the person delivering the intervention (peer supporter, 
lactation consultant, midwife, health visitor or combinations). Furthermore, there 
might be variations in the target group, and their recruitment and motivation to 
breastfeed. Finally, they remark that their definition of “any BF” as an outcome and 
the definition of standard care generally are poorly described.

10. Distributional cost-effectiveness

In traditional cost-effectiveness analysis, the focus is on the efficiency of the 
whole programme delivered to a specified target group. This assumes that each indi-
vidual who receives the services have similar rates of uptake, adherence and effect. 
This is a strong assumption for BF programmes. In practice, the base case BF rate, 
the uptake, the adherence and effect may vary for different social groups. Younger 
mothers might have lower BF rates than older mothers, and they might be less likely 
to take part in BF programmes, and may be less likely to adhere to the recommenda-
tions. Therefore, both babies and the younger mothers may experience poorer health 
outcomes from BF than older mothers. A cost-effective BF programme may have 
potential for increasing the inequality in the health outcomes, and thus reduce the 
health equity in the population. Economists describe this situation as the trade-off 
between efficiency and equity.

This efficiency-equity trade-off is particularly relevant to consider for BF pro-
grammes as the reviewed material clearly have demonstrated, there are variations in 
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BF practice by sub-populations defined by age, geography, rural/urban, nationality, 
culturally, educational and labour market position. These factors: which can be 
denoted as SES, increase the complexities of the economic analysis. This is par-
ticularly related to the validity of data that not only need to be related to the whole 
population but also should consider differences between social groups. However, 
recent developments in methods for health economic evaluations have developed 
frameworks that enables these trade-off analyses [68]. With the application of model-
based analysis, it is possible to conduct systematic analyses of the efficiency-equity 
trade-off and provide additional insight, which may support the development of 
appropriate programmes for BF interventions. The model-based analysis may also be 
used to highlight the need for data analyses.

The definition of relevant social groups represents a major challenge. The previ-
ous section has identified studies that have used different characteristics to define 
social groups. This is a specific research area and is beyond the focus of this chapter. 
Education or labour market position is often used as an indicator for social groups. It 
may also work well for BF interventions and has the advantage that national data are 
available on birth and BF practice for different educational groups.

The principles of analysing the efficiency-equity trade-off for a BF-intervention is 
first to assess the difference in cost-effectiveness of the intervention for the different 
SES groups and then analyse the distribution of health outcomes among these groups. 
The idea is to represent interventions in a so-called health equity impact plane, where 
the X-axis represents incremental change in equity and the Y-axis represents incre-
mental change in efficiency (Figure 4). There are thus four situations identified by 
the four quadrants. The NE quadrant (denoted A) represents programmes that both 
increase efficiency and improve equity. The SW quadrant (B) represents programmes 
that are both inefficient and harms equity. Programmes in the NW and SE quadrant 
(C and D) are either efficient or improve equity at the expense of the other [69].

There is clear evidence that mothers with different social backgrounds have dif-
ferent propensity to start BF and continue when they have started. If such variations 
are to be considered when designing and implementing BF intervention programmes, 
there is a risk of increasing the inequality in efficiency and inequity in health. This 
could for example arise if a peer-to-peer programme was introduced as a general 

Figure 4. 
Equity-efficiency impact.
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offer. Women with certain backgrounds would enjoy and adhere to such programmes 
while others will identify barriers for taking part and have difficulties in overcoming 
these barriers. The result might be that they refuse to take part and thus experience no 
or little support to begin and maintain BF practices.

It is well documented that higher educational attainments are associated with 
increased BF [70]. Higher educational attainment leads to better job mobility and 
wealth, which may facilitate BF through increased financial support. Mothers with 
higher income can afford private lactation consultations, breast pumps and paid sup-
port of childcare and other household duties that may facilitate BF. Therefore, active 
BF practice is more common in groups of mothers with higher education.

As studies have shown, BF is associated with positive outcomes for both the baby 
and mother. When the practice of BF is different in different groups of mothers, 
the outcomes from BF will also be different. The implication is that the difference 
in BF practice adds to an inequitable health distribution. If a BF intervention (e.g. 
community lactation consultants) is made available as a general offer to all mothers, 
there may be variation in how groups of mothers perceive the desirability of the offer. 
Mothers who are motivated and well-acquainted with using the services offered by 
the ante-natal hospital service, may be more likely to seek the advice from the lacta-
tion consultants. The implication could be that none of the BF support models may fit 
all, resulting in variation in behavioural change, costs and outcomes. If such variation 
exists, then it becomes relevant to assess which BF support models are a better fit to 
certain groups, and assess their implications in terms of efficiency and equity.

11. Analysing the distributional cost-effectiveness of BF

Figure 5 below illustrates different elements of the analysis of distributional cost-
effectiveness. For simplicity, there are three social groups, which could be mothers 
outside the labour market and mothers with different positions in the labour market.

To analyse the potential benefit in terms of efficiency and equity of a new 
programme, there needs to be a base case situation. The illustration would be the 
proportion of mothers in each social group who are exclusively or partially BF their 
babies at particular times after the birth. Both the proportion who initiate BF and the 
duration may be different for different social groups and thus the average time with 
BF will vary.

For each group, the BF practice will result in health outcomes for the babies and 
mothers. It is likely, there is a relationship between the duration of BF and the occur-
rence of adverse events such as infections for the baby and positive effects such as 
reduced risk of obesity for the baby and reduced risk of breast and ovarian cancer 
for the mother. These relationships can be used to model the health outcomes for the 
babies and mothers. Unless there is a clear indication that the health effects may differ 
for different social groups, it is reasonable to assume that the health effects occur 
independently of social characteristics.

It is clear, that the assumptions about the relationship between BF practice and 
health effects are crucial for any analysis and pose a major challenge for any analysis. 
However, as has been shown above, there are a number of examples where researchers 
have developed such models to predict health outcomes from BF.

Based on the modelling of health effects for different social groups, the distribu-
tion of health outcomes can be assumed to be representing the base case situation. 
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The social variation in health outcomes could be described in terms of absolute or 
relative gaps between the group with the best outcomes and other groups. This could 
express the mean difference in the composite QALY measure between the groups – 
e.g. the most disadvantaged group experience on average 5 fewer QALYs than the best 
group. This could also be expressed in relative terms, e.g. the most disadvantaged 
group experience 10% less QALYs than the best group. There also are a number of 
equality indices based e.g. on Lorenz-curves, where the index can be interpreted as a 
measure of deviation from a fully equal distribution.

The next part in the analysis is to specify the design and effect of the BF pro-
gramme. In some analyses, it could be expected that several different designs could be 
envisaged and specified in terms of their target group, the organisation and provision 
of the intervention. Each design or model of care would be associated with differ-
ent use of resources and costs and will have different consequences in terms of the 
proportion of mothers who initiate and continue BF their babies.

The consequences of these alternative models of care can then be analysed using the 
same modelling framework as was used in the baseline situation. This implies that the 
change in health benefits is determined by the change in BF practice as specified as 
part of the model of care. The health benefits with the intervention and without the 
intervention is compared across the social groups. The distribution of health gains 
(e.g. in terms of QALYs) for each social group can be calculated and the total cost-
effectiveness can be compared for the whole population in terms of the ICER. The 
distribution of outcomes across social groups may be expressed as the health gain in 

Figure 5. 
Illustration of the modelling of potential health impact from BF support programmes.



Infant Nutrition and Feeding

222

each social group or by using one of the proposed equity indices. The net gain in health 
benefit (QALYs) may be expressed as the net gain, where the cost of the intervention 
programme is expressed in forgone health gains as the opportunity cost of the interven-
tion programme.

When several models of BF support programmes are compared in terms of their 
efficiency-equity trade-off, they may be represented in the equity-efficiency impact 
plane as shown in Figure 4. Models in quadrant A have positive impact on both equity 
and efficiency. Models in quadrant B have negative impacts on both equity and effi-
ciency, while models in quadrant C and D have positive impact on either efficiency or 
equity but not both. Interventions in quadrant A are clearly preferable. When several 
models are in quadrant A, decision makers can make an assessment on which model 
best satisfy policy objectives.

12. Conclusion

Individual, societal and policy factors influence mothers’ decisions to begin 
and continue BF and interventions targeted towards these factors are essential, in 
particular the cost-effectiveness and equity trade-off components associated with 
them. BF may be encouraged through social interventions where the perception, 
understanding and culture around BF is influenced, e.g. by offering information 
and advice on proper BF technique and maintenance of BF for a period of time 
after the birth. In addition, specifically targeted programmes may be devised 
to support and encourage women to breastfeed. These can be offered as part of 
maternity services that are offered by public, private and voluntary organisations 
at different phases during the ante and post-natal care. There may be programmes 
that are targeted to individual women during the immediate post-natal phase or 
to groups of women in a peer-support programme. Interventions may include high-
level policies such as labour market regulations which makes continuous BF easier 
for mothers e.g. by extending periods of maternity leave and offering good facilities 
for BF. BF legislation and BF practices should be revisited in Ireland and further BF 
supporting policy implementations should be considered with e.g. a law stating that 
mothers have a right to breastfeed or a law requiring employers to prove BF facili-
ties at work [71].

Some interventions may be more effective in changing the BF behaviour for 
mothers with different SES. Universally provided interventions are likely to be 
more effective for some SES groups because their willingness to initiate and 
continue BF will be impacted differently. Investments in BF support therefore have 
the risk of providing an unequal health benefit and may increase the inequity in 
health. To address both the efficiency and equity issues, it is relevant to evaluate 
future and current BF interventions using the “Distributional cost-effectiveness 
framework”. The framework will enable evaluation of the impact on efficiency and 
equity of more targeted BF interventions. This will provide decision-makers with 
stronger arguments for offering differentiated BF interventions to different SES 
groups.
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Appendices and nomenclature

BF Breastfeeding
BMS Breast-milk Substitutes
HCP Healthcare professionals
DCEA Distributional cost-effectiveness analysis
BFHI The Baby Friendly Hospital Initiative
SES Socioeconomic status
SSC Skin-to-Skin Contact
FSAI Food Safety Authority of Ireland
HSE Health Service Executive
HIQA Health Information Quality Authority
RCTs Randomised control trials
GUI Growing Up in Ireland
QALYs Quality-adjusted life years
ICER Incremental cost-effectiveness ratios
WHO World Health Organisation
OECD Organisation for Economic Co-operation and Development
HCWs Health Care Workers 
NPRS National Perinatal Reporting System
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Abstract

Supporting mothers to continue breastfeeding is a public health priority. Scientific 
studies identify challenges to optimal breastfeeding practice. Exclusive breastfeed-
ing is one of the core indicators of infant and young child feeding, among strate-
gies for reducing infant morbidity and mortality. It determines future growth and 
development of the infants both in physical and mental health. As the principle of 
implementation science designing evidence-based intervention strategies and support 
addressing individual and community level factors associated with exclusive breast-
feeding practice through policies and programs was essential to improve infant feed-
ing practice and quality of life. Therefore, emphasis should be given to encouraging 
women to be educated, employed, and empowered to have ANC and PNC follow-ups, 
and to improve their decision-making power on themselves and their infant health 
care for saving lives of the infants and reduction of economic losses of a country. 
Breastfeeding support mainly focuses on empowering women, providing emotional, 
instrumental, information, flexible working time, appraisal of their performance, 
support at individual, community, and policy level interventions with the concept of 
implementation science need to be implemented. This chapter intended to provide 
evidence-based infant feeding intervention strategies for mothers, students, health 
professionals, and policymakers for better implementation.

Keywords: breastfeeding support, breastfeeding interventions, exclusive 
breastfeeding, under six infants, infant and young child feeding practices, optimal 
breastfeeding, implementation sciences in breastfeeding, implementation science

1. Introduction

This chapter is intended to address basics of breastfeeding support for designing 
sustainable, efficient, and effective breastfeeding interventions with the concept 
of implementation science for the well-being of the future generation. Improving 
knowledge and skills in proper infant feeding practice is not an overnight activity and 
needs intensive intervention and support from pregnancy till two years of postnatal 
period. The components of breastfeeding support in this chapter include; the impor-
tance of breastfeeding, the existing breastfeeding practice, and its factors, breast-
feeding support intervention strategy from pregnancy to the first two years of life, 
breastfeeding support in a special situation, emotional, information, social, physical, 
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economic supports, advocacy and involving multisectoral stakeholders are some of 
the contents included in this chapter.

Breastfeeding is the best start in life and is used as a foundation for child health, 
development, and survival. The World Health Organization (WHO) has recom-
mended optimal breastfeeding that; should be initiated within an hour after birth, 
exclusive breastfeeding till 6 months of life, and continued breastfeeding till 
24 months and more with appropriate complementary feeding practice [1].

Breastfeeding is an unrivaled method of providing ideal food for infants’ healthy 
growth and development; it is also an essential part of nutrition and the reproduc-
tive process, with significant implications for the mother’s health as well. It mainly 
prevents breast cancer and the risk of acquiring cardiovascular disease [2].

Breastfeeding is a natural gift for mothers, but it is also a learning behavior. 
Almost all mothers can breastfeed if they have accurate information and support from 
their families, communities, and health care system. They should also have access to 
skills from trained health workers and peer counselors who can help to build mothers’ 
confidence, improve feeding techniques, and prevent or resolve any breastfeeding 
problems [3].

Breastfeeding support is an intervention to improve early initiation of breastfeed-
ing immediately after birth, enhancing exclusive breastfeeding practice and continu-
ing breastfeeding with timely initiation of appropriate complementary feeding but its 
implementation was challenging and needs special focus for evidence-based interven-
tions [4].

For the first six months of life, breast milk provides all of the nutrients required 
for survival, growth, and development, as well as immunologic, antimicrobial, and 
anti-inflammatory factors [5, 6].

1.1 Why breastfeeding support

Optimal breastfeeding practice is the best solution for prevention of infant and 
child mortality. However, exclusive breastfeeding practice substantially decreased 
over time. According to the “Convention on the Rights of the Child,” every infant 
and child has the right to adequate nutrition but undernutrition is highly prevalent 
and responsible for 45% of all child deaths. In 2020, the global estimate of exclusive 
breastfeeding practice was 44%, and malnutrition on under five years children was 
149 million stunted (too short for their age), 45 million were wasted (too thin for 
their height), and 38.9 million were overweight or obese [7].

Optimal breastfeeding saves the lives of more than 823,000 under five children, 
prevent mother from acquiring breast cancer, and 20,000 annual deaths from breast 
cancer. It also improves school attendance and Intelligent Quiescent (IQ ), and it is 
associated with lowering the occurrence of non-communicable diseases and higher 
income in adult life. Breastfeeding results in economic gains for both individual fami-
lies and the nation as a whole contributing as one of the poverty reduction methods 
[7, 8]. Hence breastfeeding support promote child survival, growth, and development 
and reduce the incidence of non-communicable disease in their adult life. Thus, it 
needs intensive action at individual, community, health care system, and policy levels.

1.2 Factors for exclusive breastfeeding practice

The global nutrition targets for 2025 recommend improving the rate of exclusive 
breastfeeding practice at least by 50% [9] but the rate of exclusive breastfeeding 
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was low many infants and children do not receive optimal breastfeeding. Over the 
2015–2020 period, only about 44% of infants aged 0–6 months worldwide were 
exclusively breastfed [7]. The contributing factors for this low rate of exclusive 
breastfeeding include individual, interpersonal, social, cultural, commercial, 
media, community, health service-related factors and poor knowledge of breast-
feeding [9].

A systematic review of mothers’ knowledge, attitude, and practice in East Africa 
identified that exclusive breastfeeding practice in the first 6 months was 55.9%, only 
49.2% knew the duration of exclusive breastfeeding, 66.1% of them disagree with 
giving breastfeeding immediately after birth and only 47.9% of them disagreed that 
discarding colostrum is important [10].

In Ethiopia, the rate of exclusive breastfeeding practice was 58% for this the indi-
vidual level determinants were infant age and gender, the presence of co-morbidities, 
antenatal care, and wealth index, whereas contextual region, community level of 
postnatal visit, and community level of maternal employment were community level 
factors [11]. A similarly systematic review of exclusive breastfeeding practice identi-
fied that full-time employed mothers in the first 6 months were 57% less likely to 
practice exclusive breastfeeding [12].

A systematic review of implementation science in maternity care identified factors 
enabling the implementation of evidence-based intervention includes; knowledge, 
service providers’ motivations, training, effective multilevel coordination, effec-
tive communication, leadership and limited knowledge, practice and experience of 
researchers, and implementers to use theory, model or framework to guide imple-
mentation [13].

In addition, Equitable access to breastfeeding programs guided by evidence-based 
policies and programs delivered via infrastructures that promotes, protects, and 
supports breastfeeding should be considered a human right and social justice. Any 
social, economic, legal, political, or biomedical barrier that prevents women from 
exercising their right to breastfeed should be seen as a social injustice, a threat to 
their health, and ultimately a violation of their human rights. To address all factors 
designing evidence-based interventions to support breastfeeding with the concepts of 
implementation and behavioral science needs to be integrated and implemented with 
the existing policies and programs [14].

2. The concepts of implementation science on breastfeeding

Implementation science is an emerging science in nutrition focusing on the 
implementation of evidence-based intervention strategies to alleviate malnutrition 
and nutrition-related health problems. It is the young science to fill the gaps between 
what we know and what we practice [15].

Implementation science in nutrition (ISN) is defined as “an interdisciplinary 
body of theory, knowledge, frameworks, tools, and approaches whose purpose is to 
strengthen implementation quality and impact. It includes a wide range of methods 
and approaches to identify and address implementation bottlenecks; means to identify, 
evaluate, and scale up implementation innovations; and strategies to enhance the 
utilization of existing knowledge, tools, and frameworks based on the evolving science of 
implementation” [16].

Designing a breastfeeding intervention strategy supported by the concepts of 
implementation science is constructive step to achieve an effective outcome. Since 
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theories, models, and concepts can educate researchers and practitioners about 
contextually relevant factors and processes suitable for the successful implementation 
of breastfeeding interventions [17].

In this regard, the breastfeeding support intervention written here is using the 
concepts of implementation sciences in nutrition, previous research findings, and 
standard international guidelines on breastfeeding recommendations. The five 
domains of implementation science were used as a framework for designing the 
intervention (Figure 1).

3. Breastfeeding support

It is much recommended that evidence-based breastfeeding support using the five 
domains of implementation science integrated with the World Health Organization’s 
(WHO) ten steps for successful breastfeeding recommendations at each level and 
stage of life. Breastfeeding support aims to promote nutrition-sensitive interventions 
on optimal breastfeeding practice for sustainable improvement in childhood nutrition 
status and development for further productivity later in life.

The implementing organization for breastfeeding supports are almost all minis-
tries of a given country, nongovernmental organizations, public and private sectors 
need to take full responsibility to organize, implement monitoring, and evaluation of 
each intervention strategy. The implementation process started with the initiation of 
the intervention starting from need assessment, identification of the existing problem 
on optimal breastfeeding practice, and implementer and beneficiaries. Then planning 
the intervention should consider multisectoral collaborations and all possible factors 
at all stages. There are countless enabling factors starting from individual to policy 
level which need to design sustainable evidence-based implementation. Finally, the 
effectiveness of implementation should be monitored and evaluated using its indica-
tors to measure optimal breastfeeding practice as an outcome and nutritional status 
as an impact indicator. These all processes should be guided by the triple A’s cycle; 
Assessment, Analysis, and Action in order to measure the effectiveness and revise 
implementation strategies [16].

Figure 1. 
The five domains of implementation science in nutrition: Adapted from reference [16].
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3.1 The 10 steps, for successful breastfeeding support

These steps should be addressed and implemented in all health care institutions 
with the aim to protect, promote and support breastfeeding for the well-being of 
future generations. The first two steps are critical management procedures and the 
remaining 8 steps are key clinical practices [17, 18].

3.2  Designing breastfeeding policy and routinely communicating to all healthcare 
staff

Policies to enhance exclusive breastfeeding in the first six months are the  cornerstone 
interventions for the promotion of child survival and development. These include 
6 months of paid maternity leave allowing women to continue breastfeeding for longer 
periods of time, designing strong legislation to control marketing on breast-milk sub-
stitutions, and prohibition of bottle feeding [7, 9]. All regulatory legislation must be 
shared with the respective health institutions and healthcare workers for its effective 
implementation and follow-up.

Findings from research show that longer maternity leave is associated with a longer 
duration of exclusive breastfeeding practice [18]. Countries with effective control on 
the marketing of breast milk substitutes and bottle feeding had a high rate of exclusive 
breastfeeding practice [9, 18]. Countries need to design strong policies and implementa-
tion plan with comprehensive programs, guidelines, and strategies that dramatically 
increase the rate of exclusive breastfeeding and the overall optimal breastfeeding practice.

The driving force for optimal breastfeeding practice at the policy level was multi-
sectoral participation with political commitment, effective coordination of programs 
and strategies, designing contextualized intervention strategies, effective communi-
cation, advocacy and media coverage, adequate resource mainly finance, manpower, 
and time for implementation [18].

1. Ensure that health care providers at each level should have sufficient knowledge, 
competence and skills to support breastfeeding. Invest in exclusive breastfeeding 
protection, promotion, and support through training and capacity-building for 
health care providers [9].

2. Discuss the importance and management of breastfeeding with pregnant women 
and their families.

Breastfeeding counseling should be provided during antenatal follow-up for 
pregnant women and their families at the institution and community level using 
community health workers/ health extension workers like Ethiopia to enhance 
optimal breastfeeding practice for better nutrition [7, 9].

3. Facilitate immediate and uninterrupted skin-to-skin contact and support moth-
ers to initiate breastfeeding as soon as possible after birth.

4. Support mothers to initiate and maintain breastfeeding and manage common 
difficulties.

5. Give infants no food or drink other than breast milk in the first six months of 
life, unless medically indicated.



Infant Nutrition and Feeding

234

6. Practice rooming in – enable mothers and infants to remain together 24 hours a 
day in the first two years of life.

7. Support mothers to recognize and respond to their infant’s cues for feeding.

8. Counsel mothers on the use and risks of feeding bottles, teats, and pacifiers.

9. Coordinate discharge so that parents and their infants have timely access to on-
going support and care at home and community level [7, 18].

3.3 Breastfeeding support during pregnancy

Breastfeeding counseling during pregnancy has been linked to an increase in the 
likelihood of meeting breastfeeding intentions and practices during the postnatal 
period. Women who experienced supportive antenatal care practices were more likely 
to fulfill their prenatal breastfeeding intentions mainly initiation of breastfeeding 
within one hour and giving only breast milk in the first six months [19].

Counseling on breastfeeding during pregnancy improves maternal self-efficacy 
and knowledge and also helps in motivating the mother on early initiation and exclu-
sive breastfeeding and timely initiation of complementary feeding. Such a knowledge 
change played a significant role in women’s breastfeeding decisions and significantly 
improve optimal breastfeeding practices [20, 21].

The principles of implementation science need to be applied to learn how to 
scale up and sustain effective breastfeeding interventions while taking into account 
the needs and desires of women mainly focusing on the minority. Improvements in 
breastfeeding outcomes for women are likely to come from policy and community-
level interventions provided through women’s infant and child (WIC), healthcare 
facilities, and community agencies starting from pregnancy [22].

Comprehensive prenatal professional breastfeeding education for the mother and 
family plays a significant role in helping mothers’ proficiency in breastfeeding attach-
ment, proper positioning, and preventing nipple damage [23].

In general breastfeeding counseling and education during pregnancy have a sig-
nificant role in improving knowledge, skill, and self-efficacy on optimal breastfeed-
ing practice in the postnatal period as emotional, social, and cognitive domains play 
a substantial role in women’s breastfeeding decisions and solve most breastfeeding 
problems later on. Such education should be provided using social behavior change 
models like the Health Belief Model, social cognitive theory, and theory of planned 
behavior by skilled professionals with compassionate and respectful care [20, 23, 24].

3.4 Breastfeeding support during labor and delivery

The place of delivery was the integral component for the promotion and actual 
implementation of optimal breastfeeding practices. Effective breastfeeding support 
during labor and delivery hospitalization is crucial for mothers to be able to achieve 
their breastfeeding goals [19].

For improving early initiation of breastfeeding encouraging women to give birth at 
public health institutes have a significant contribution. A study done on Cambodian 
women identified that the odds of timely initiation of breastfeeding were 57% times 
lower among women who gave birth at home compared to those who gave birth in 
public health facilities [25].
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The global survey on early initiation of breastfeeding (EIBF) and its factors reported 
that only 57.6% of newborn starts breastfeeding immediately after birth. Complications 
during pregnancy, Cesarean delivery, and absence of postnatal/neonatal care guidelines 
at hospitals were factors affecting EIBF. Risk identification during pregnancy, mini-
mizing elective cesarean delivery, and adhering to postnatal care guideline is the best 
intervention to support breastfeeding during labor and delivery [26].

Care immediately after birth in the health institution needs to make the hospital 
mother and baby friendly, encourage to start breastfeeding as soon as possible within 
an hour, encourage skin-to-skin contact for providing heat to the newborn, and to 
start effective breastfeeding [9, 18].

3.5 Breastfeeding support during post-natal period

Breastfeeding counseling is an effective public health intervention for optimal 
breastfeeding practice. Face-to-face repeated counseling starting from the prenatal 
period was mandatory. Breastfeeding counseling delivered at least four times in 
postnatal period was more effective than counseling delivered antenatally only and/or 
fewer than four times [27].

Breastfeeding support and education provided to mothers by health profession-
als and peers were associated with an increase in the duration of any and exclusive 
breastfeeding practices [28].

Breastfeeding counseling in postnatal period should include encouraging the 
mother to give breastmilk only day and night as often as the child wants or on average 
8–12times in every 24 hours, providing practical breastfeeding support, checking 
position, attachment and suckling, helping the mother with breastfeeding problems 
and allowing mothers and infants to remain together 24 hours a day [7]. Empowering 
women through training and education to make them decision-makers on their life 
and get adequate and nutritious food for themand their child health.

Encouraging to empower community support, including mother support groups 
and community-based health promotion and education activities [7, 9]. Advise 
the mother to continue frequent, on-demand breastfeeding until 2 years of age or 
beyond [7].

3.6 Breastfeeding in exceptionally difficult circumstance

Children and families facing difficulty in breastfeeding require extra care and 
practical assistance. In such cases, mothers and infants should stay together and 
receive the assistance they require to use the best feeding technique. In almost all chal-
lenging circumstances, breastfeeding is still the preferred method of infant feeding 
option [7].

3.6.1 Breastfeeding support in HIV-infected women

One of the most important ways to increase infant survival is through breast-
feeding, especially early and exclusive breastfeeding. WHO now advises that all 
HIV-positive individuals, including pregnant and nursing women, begin taking 
antiretroviral therapy (ART) as soon as they know they are infected with HIV [7].

Recommendations have been improved to take infants born to mothers who are 
HIV-positive into account. These infants can now breastfeed exclusively for at least six 
months and up to 12 months with a significantly lower risk of HIV transmission [7, 9].
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3.6.2 Breastfeeding support in low-birth-weight or premature infants

Most low birth weight and preterm infants were admitted to Neonatal Intensive 
Care Unit (NICU) for further life and breastfeeding support. Despite the fact that 
breastfeeding is a top priority for low birth weight and preterm infants admitted to 
NICU, the hospitalized neonates’ exclusive breastfeeding rates at 6 months were quite 
low and fell short of World Health Organization (WHO) recommendations. Families 
and mothers of hospitalized newborns should receive integrated counseling and sup-
port for breastfeeding on both a practical and psychological level [29].

Having baby friendly hospital to enhance breastfeeding adoption among mothers 
of low birth weight or preterm infants by interventions to improve early postpartum 
lactation and breastfeeding techniques like early initiation of milk expression sig-
nificantly improves breastfeeding practice and the survival of infants. Support at the 
community and policy levels also have a significant role to improve breastfeeding, and 
the well-being of infants and their mothers [30, 31].

3.6.3 Breastfeeding support during illness

Optimal breastfeeding in general and exclusive breastfeeding for infants up to 
six months of age is recommended in preventing diarrhea and Acute Respiratory 
Infections (ARI)-specific morbidity and mortality. Infant with any illness should 
frequently breastfeed [32]. Exclusive breastfeeding with special protection is rec-
ommended during any illness of mother or infants including COVID-19 and HIV 
infection. Continued breastfeeding may offer passive immunity against any infection 
including COVID 19 and protect the infant, and vaccination against COVID-19 is safe 
and effective for pregnant and nursing women [33]. Breast milk sample from COVID-
19 infected mothers finds negative result and most of the infant from infected mother 
has a negative result from COVID-19 infection. In this case, breastfeeding with 
general prevention precautions is recommended [34].

A systematic review on breastfeeding during infectious disease identified that 
breastfeeding in all infectious diseases is safe even in the case of HIV infection with 
adequate antiretroviral therapy (ART). Finally, it is recommended that initiating 
and continuing breastfeeding should continue to protect both mothers’ and babies’ 
health [35].

In general, breastfeeding practice can be affected by individual and community-
level factors [11] and also policy-level factors [7]. Supporting breastfeeding in a sus-
tainable way needs to implement with multisectoral participation in future research, 
policies, and practices in increasing breastfeeding rates in women and children [36]. 
Mothers who practiced exclusive breastfeeding should have higher information sup-
port from health facilities and the community [37].

Health care interventions that can be used to encourage and support breastfeed-
ing includes two major areas; individual-level and system/ policy-level interven-
tions. Individual-level interventions given to women and their supporters as well as 
system-level policies or maternity care practices aimed at fostering an environment 
supportive of breastfeeding are examples of interventions that can take place during 
pregnancy (prenatal), during labor and delivery (peripartum), or even after giving 
birth (postpartum) [28].

Individual-level interventions may consist of structured education, and profes-
sional or peer support. Breastfeeding support is typically provided in addition to 
general education and can take the form of direct support during breastfeeding 
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observations as well as psychological and social support (encouraging the mother, 
assuring her, and discussing her questions and problems) [28]. Emotional, practical 
skill transfer and information support also have great contributions [37].

System-level interventions include policies or maternity care practices like the 
implementation of baby-friendly hospital initiatives or all or some of the 10 Steps to 
Successful Breastfeeding are examples of system-level interventions.

A written breastfeeding policy for the facility, provider or staff training in breast-
feeding support, policies for implementing breastfeeding support groups, providing 
adequate maternity leave of at least for 6 months, encouragement of rooming-in, 
restrictions on using breastfeeding substitute, maintenance of skin-to-skin contact 
between the mother and child after birth, and encouragement of early breastfeeding 
initiation are some examples of these interventions [28].

4. Conclusion

Breastfeeding promotion and support are core indicators of infant and young 
child feeding practices for reducing infant morbidity and mortality. It can 
determine both the physical and mental growth and development of infants. 
Breastfeeding is highly recommended during illness and in any difficult situations 
to save the lives of the infant and promote maternal health. Breastfeeding support 
needs to be implemented at individual, community, and policy levels to improve 
the overall optimal breastfeeding practice for the well-being of the coming genera-
tion. It should be provided starting from pregnancy, during labor and delivery, 
and after birth.

Individual level intervention provided through counseling and education of the 
mother by professional or peer education and support. Structured education can 
include psychological, social, and direct support.

Community-level intervention includes improving knowledge of the importance 
and duration of breastfeeding, and promoting community-level antenatal and 
postnatal care service utilization. These all are demanded improving the lives of the 
infants and reduction of economic loss of the country.

Policy or system-level breastfeeding interventions should be focused on design-
ing policies and strategies to improve breastfeeding practices such as maternity care 
practices, and implementation of all or some of the 10 steps to successful breast-
feeding. Policies for six months of maternity leave, empowering women through 
education and employment, restriction in breast milk substitutes and bottle feeding, 
community breastfeeding support and promotion, worksite and child care policies 
and family leave policies.
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Chapter 16

Breastfeeding, the Importance 
of Education during Neonatal 
Hospitalization
Patricia Triviño Vargas

Abstract

In this chapter, scientific evidence is compiled in relation to the level of education that 
mothers need during their breastfeeding period and the importance of it. Studies are 
presented from a base on the promotion and protection of breastfeeding as well as from 
the publication of UNICEF, defends with conviction the rights of children in the promo-
tion of parental care from around the world constituting the basis of human develop-
ment to nursing care models for direct care. The nutrition, center of this work, which 
plays a key role in this development through the dietary needs of the organism since its 
inception and the way in which we, as health professionals, produce behavioral changes 
in lactating mothers. UNICEF in 2017 suggests a point of view of the wealth of nations 
to emphasize the promotion of health and invest in the development of breastfeeding. 
Therefore, breastfeeding is one of the most effective and cost-effective investments 
that nations can make for the health of their youngest members and the future health 
of their economies and societies. The tools that health professionals have for promotion 
and prevention of optimal nutrition from the newborn stage are those who through 
studies and research based on scientific evidence, such as Ramona Mercer’s theory, they 
conclude that the mother achieves knowledge through multiple interventions highlight-
ing the importance of health education. Consequently, health education and programs to 
promote breastfeeding constitute vital support to develop parental skills for parents.

Keywords: breast feeding, health education, infant nutrition, nursing model, neonatal 
hospitalization

1. Introduction

According to the Convention on the Rights of the Child, all infants and children 
have the right to good nutrition. The estimated number of child deaths due to  
malnutrition is 2.7 million, which represents 45% of all infant deaths. Infant and 
young child feeding is critical to improving child survival and promoting healthy 
growth and development. Accordingly, approximately 40% of infants from 0 to 
6 months are exclusively breastfed. Optimal breastfeeding is of great importance as it 
saves the lives of more than 820,000 children under 5 years of age every year [1].

The World Health Organization (WHO) and UNICEF are concerned about the 
low prevalence of breastfeeding worldwide, despite the promotional campaigns 
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they carry out. It is undoubtedly a challenge for health teams to focus their efforts on 
promoting this precious food from one human to another to create mutual benefit.

Breastfeeding is an unbeatable issue that provides perfect nutrition for infants, pro-
moting healthy growth and development, reducing, and limiting the risk of contract-
ing serious infectious diseases, therefore, reducing infant mortality and morbidity. As 
a result of that, it also favors women’s health by reducing the risk of breast and ovarian 
cancer, and increasing pregnancy periods since it is a natural contraceptive method. In 
this sense, breastfeeding provides social and economic benefits to the family nucleus 
and why not say it, to a particular nation. For all that has been stated in the previous 
paragraphs, it is possible to provide most mothers with a feeling of satisfaction when it 
is carried out successfully and, according to recent research, they have found that these 
benefits increase with the exclusive nutrition of breastfeeding during the first few 
months, 6 months of life and later with solid and liquid food supplements [2].

The interventions of an educational program can result in positive behaviors 
toward exclusive and complementary breastfeeding. It has significantly influenced 
adherence to it and has collaborated in postponing feeding with infant formulas.

This review involves based on the latest and historical research that breastfeeding 
implies that it is not just a one-woman job, it requires encouragement and support 
from trained counselors, supportive family members, health care providers, employ-
ers, legislators, and others.

2. The importance of the promotion of breastfeeding

The publication of the Global Breastfeeding Collective in 2017 gives an account of 
the reasons why you should invest in the promotion of natural breastfeeding from a 
mother to her infant. It proposes that meeting this investment goal could save the lives 
of 520,000 children under the age of five and potentially create $300 billion in eco-
nomic gains over 10 years because of reduced illnesses and costs of medical care, and 
the increase in the productivity of the population due to the cognitive development 
that is generated in this fundamental nutrition for the neuronal cell strengthening of 
the child population [3].

In this sense, within the statements issued by non-profit and governmental 
institutions, it is highlighted that breastfeeding from one human being to another is 
one of the most powerful and profitable investments that countries can manage in 
favor of health of people in their economies and societies. By not investing in breast-
feeding, one is failing to provide ethical well-being to mothers and their babies and 
consequently generating lost lives and opportunities [4].

Consequently, through decades, the World Health Organization (WHO) actively 
promotes breastfeeding as the best source of nutrients for infants and young children, 
since it is an ideal way to provide them with the necessary nutrients for growth and 
development healthy. Exclusive breastfeeding is recommended for the first 6 months 
of life [5].

Breastfeeding upto the 6th month of life favors adequate growth and develop-
ment, impacting avoidable causes of infant morbidity and mortality, regardless of 
socioeconomic level or maternal work. Infants who are not fully breastfed during 
the first 3–4 months of life are more likely to develop infections of the stomach and 
intestines, respiratory tract, and lungs, or develop ear infections. In addition, non-
breastfed infants are more likely to be overweight or have diabetes later in life, and 
non-breastfeeding mothers are at increased risk of breast and ovarian cancer. For all 
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this, a better knowledge of the benefits of breastfeeding is associated with earlier and 
greater initiation of lactation. Other practical benefits of breastfeeding include sav-
ing money in the purchase of breast milk substitutes and, for society, in the treatment 
of diseases [6].

2.1 Health education

On the other hand, health education and educational programs for fathers and 
mothers constitute one of those supports that the family needs to develop parental 
skills or abilities that allow them to face the vital task of being a father and mother.

Therefore, health education is developed in specific areas: prenatal intentions, 
breastfeeding experiences and support for the mother, this education affects the 
initiation or early suspension of breastfeeding.

The World Health Organization, already in 1989, specified that the recommenda-
tion and educational intervention on breastfeeding in support of mothers and their 
babies, carried out by health professionals, is related to the decision-making process, 
overcoming difficulties, and implementing adequate feeding practices. The key to the 
success of these processes is the interaction that occurs between the mother and the 
health professional.

Therefore, the educational recommendation and intervention is an example of a 
preventive connotation that emphasizes the interaction between mother/infant and 
a health worker, rather than the top-down approach often more characteristic of 
intervention-based types in education. Therefore, all counseling can be considered 
supportive, but not all supportive interventions include counseling [7].

WHO describes supportive counseling for mothers and infants by health work-
ers to assist in decision-making, overcoming difficulties, and implementing optimal 
feeding practices [8].

Breastfeeding takes place during the postpartum period, which is a transition state 
from the stage of that close relationship between the mother and her daughter and the 
period of greater autonomy for both. The postpartum period is essential for the devel-
opment of children, for the recovery of the mother, for learning parental functions, 
and for establishing the affective bond between newborns and their parents.

It is striking that various studies show the importance of certain predictive factors, 
determinants, barriers, influences, and contributing factors that act together and 
affect breastfeeding practices. These factors that influence maternal decisions are 
described at 3 levels, such as: individual, group, and social.

In turn, as a team that provides care, we must have a better understanding of how 
effective and functional it is to maintain exclusive breastfeeding at the time of neonatal 
discharge, focusing on health promotion and prevention for women, their families, and 
society. With this, we will have healthy and fit children for the society of the future. 
With the appropriate strategies to achieve an impact on the motivation and understand-
ing of providing natural milk to infants, we solve and take charge of the questions of 
mothers who the potential donors of human milk for another human being.

The context is described, but not the problem, because you want to investigate this 
phenomenon, what is the need to investigate the subject?

2.2 Breastfeeding and its importance of historical evolution

Breastfeeding is an unparalleled way of providing excellent food for beneficial 
growth and development of infants, it is also an additional part of the reproductive 
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process, with transcendental repercussions on the health of mothers. The analysis of 
scientific data has discovered that, at the population level, exclusive breastfeeding for 
6 months is the imponderable form of feeding for the child population. They should 
subsequently start receiving additional foods, but not stop breastfeeding until 2 years 
or older [9].

Likewise, it determines a decrease in morbidity and mortality in the infant and 
the mother herself. Research in recent years shows that children who are breastfed 
have an increase in their cognitive capacity and present less frequently with different 
diseases such as bronchial asthma, atopic and gastrointestinal diseases, obesity, type 
I and II diabetes mellitus, and autoimmune diseases. Mothers benefit in the short and 
long term through natural contraception, greater recovery of weight prior to preg-
nancy, lower incidence of osteoporosis, and lower incidence of breast and ovarian 
cancer [10].

From a historical context, breastfeeding has been observed with many changes in 
relation to infant feeding. In ancient times, the only feeding alternative for newborns 
and infants was breast milk; if for some reason the biological mother could not 
breastfeed or decided not to, wet nurses or “nurses of pups” were used to fulfill that 
function.

While some cultures assumed breastfeeding in a natural and exclusive way, in 
Europe, between the 16th and 17th centuries, the use of wet nursing was encouraged 
among women from more affluent social classes, since it was not well seen that they 
breastfed, because this work gave them it took away beauty and negatively affected 
her figure. The wet nurses usually corresponded to low-income women, who lived 
with the family of the newborn, they were given lodging, food, and a salary for their 
services [11].

In the 19th century, there was an important change in relation to infant feeding, 
since mothers began to feed their children in a general way and, only in case of need, 
they sought out the wet nurse, who used to be highly valued. The feeding guidelines 
gained increasing concern since it was related to infant mortality. There was a move-
ment in support of breastfeeding and human milk was defined as the healthiest food.

At the Academy of Medicine in Paris (1870) [12], there was a discussion about wet 
nurses and the promotion of breastfeeding by the mother herself to reduce infant 
mortality. The mother was held responsible for the direct upbringing of the children 
and mothers who did so were praised. It was accepted that milk could be affected 
both in quality and quantity, depending on the maternal diet, the characteristics of 
the home in which the mother lived, genital disorders, temperament, age, and the 
exclusivity of the child which was fed.

In the year 1890, the “Infant Clinics” and “The Drop of Milk” were created, 
these were two French initiatives based on an idea by Pierre Budin. They consisted 
of providing parents with information on food and hygiene issues in general so that 
they could care for their newborn and infant children. Then they spread throughout 
Europe. Sterilized mammalian milk subsidized partly by municipalities and partly by 
private charity was supplied daily, free, or semi-free [13].

At the end of the 19th century, when scientific development was in full swing, 
artificial milk formulas appeared, which claimed to satisfy all the nutritional needs 
of infants. In its beginnings, they were highly valued since they were chemically 
manufactured using all the available technology, which supported the quality of the 
preparations. The commercialization of these types of products and the medicaliza-
tion of childcare established a propitious environment so that formula feeding was 
not only acceptable but also something desirable and normal.
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During the 20th century, other factors were added that promoted the use of 
artificial milk, to the detriment of breastfeeding: urbanization, the incorporation 
of women to work, changes in family patterns, with smaller families and isolated 
generations. Previous; the appearance of the Human Immunodeficiency Virus (HIV), 
among others. The wet nurse disappears completely, especially in developed coun-
tries, and breastfeeding is very low. All these sociodemographic and cultural changes 
led to the lowest rates of breastfeeding in the United States at the beginning of the 
1970s, reaching 25% at hospital discharge and close to 5% at 6 months of life.

Since the 1990s, breastfeeding has been increasing and currently, most mothers 
already choose this practice to feed their baby. However, its duration is short since 
after 3 months they switch to artificial feeding in a general way.

At the beginning of the 21st century, it is certain that breastfeeding will be com-
patible with modern and industrialized society, but social awareness is necessary, and 
the proven scientific advantages of breastfeeding are known, both for the newborn 
and for the mother. The media have a very important role in the transmission of 
aspects related to breastfeeding, in the education and awareness of people, and the 
dissemination of the laws and recommendations established by international organi-
zations such as the WHO and UNICEF [14].

For several decades, work has been done to promote exclusive breastfeeding for up 
to 6 months of the child’s life and up to 2 years of age, complemented with non-dairy 
food. The evidence gives an active position, aimed at the promotion and protection of 
breastfeeding [15].

2.3 Strategies for the promotion of breastfeeding in the field of public health

From the point of view of international evidence to promote breastfeeding, 
multiple studies have been conducted to assess the effectiveness of various interven-
tions to promote the initiation and maintenance of breastfeeding. Those with the 
best methodological quality have been in systematic reviews, with or without meta-
analyses, which take a critical look at primary studies and evaluate the weighted effect 
of interventions to promote breastfeeding [6].

According to the Balogun study, an updated review that includes 28 randomized 
controlled studies with 107,362 women, they analyzed interventions to promote 
breastfeeding in primiparous women in high-income developed countries: Australia, 
1 study; UK, 4 studies and the USA, 14 studies and one middle-income country: 
Nicaragua, 1 study. Three studies studied the effect of an intervention to increase 
the number of women who started breastfeeding early, within one hour after birth. 
76,373 women from Malawi, Nigeria, and Ghana participated in them. The Malawi 
study was large, with 55,931 participants.

It can be inferred from these studies that health education by health professionals, 
especially doctors and nurses, and peer counseling and support by trained volunteers, 
optimized the number of women who attempted to breastfeed their babies. Five 
investigations with 564 women reported in their results that women who received 
breastfeeding education and support from health professionals were more likely to 
start breastfeeding compared to women who received standard or conventional care. 
Four of these investigations were conducted in low-income or ethnic minority women 
in the United States, where baseline breastfeeding rates are generally low. Eight trials 
involving 5712 women showed better rates of breastfeeding initiation with volunteer-
trained interventions and support groups compared with women receiving standard 
conventional care.
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Breastfeeding health education and intervention delivered by trained volunteers 
could also improve rates of early initiation of breastfeeding within one hour after 
delivery in low-income countries [16].

Continuing with this study, it was concluded that health professionals with train-
ing in breastfeeding, including midwives, nurses, doctors, and trained volunteers can 
conduct educational sessions and provide peer counseling and support to increase the 
number of women who start breastfeeding their babies. More studies are needed in 
low- and middle-income countries to find out which strategies will encourage women 
to start breastfeeding right after birth.

On the other hand, in our country, the use of promotion strategies is a resource 
that has had positive consequences in the improvement of lactation rates. Since 
1990, Chile has implemented different regular programs that promote breastfeeding, 
such as the WHO/UNICEF “Friendly Hospital for Children and Mothers,” prenatal 
education workshops for pregnant women and their companions on breastfeeding 
issues. Breastfeeding, in addition to the Child Protection Program, called “Chile Crece 
Contigo” of Law 20,379, and finally training of health teams and creation of a breast 
milk bank, among other state and private benefits [16].

In 2011, the parental postnatal leave was increased from 12 to 24 weeks of mater-
nity leave through parliamentary law 20.54514. National surveys that measure the 
prevalence of breastfeeding in Chile conducted between 1993 and 2002 revealed an 
increase in the prevalence of exclusive breastfeeding at the 6th month of life from 
25% in 1993 to 43% in 2002. Significantly very auspicious and encouraging from a 
public health standpoint [17].

It was also observed that the prevalence of exclusive breastfeeding at the 6th 
month in women who worked outside the home was half that of those who stayed 
at home [18].

The last national survey on breastfeeding carried out by the Ministry of Health 
(MINSAL) in 2013, carried out in children aged 6–24 months who were cared for in 
the public health system, showed a national average of exclusive breastfeeding at the 
6th month of 56%. These results show an increase in the duration of exclusive and 
complementary breastfeeding when comparing data from 1993 to 2013 [19].

There are other strategies that are probably effective, among them, the promo-
tion of early attachment in maternity wards promoted by the Chile Crece Contigo 
Comprehensive Protection System and counseling or visits focused on breastfeeding 
carried out by professionals within the family health model. Investing in printed 
material and promotional packages for the population seems to be an ineffective 
strategy to promote breastfeeding. These resources should be redirected toward other 
strategies with a greater cost-effectiveness ratio, such as peer support, a modality that 
has not been implemented at the national level.

A systematically searched European study found that a mother’s own maternal 
education is a protective factor in the decision-making of the type of breastfeeding 
that mothers will offer their children and that it will improve the maintenance of 
breastfeeding. The experience is better valued when this education is carried out 
by midwives through audiovisual methods in the first prenatal control visit, ide-
ally to be carried out in the preconception visit, paying special attention to women 
with a lower level of education. The inclusion and participation of pregnant women 
in spaces where satisfactory breastfeeding is practiced help to start and maintain 
breastfeeding, as well as the distribution of simple guides to resolve doubts and 
complications during the first days. This is a type A recommendation after analyzing 
the studies carried out [20].
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2.4 Elements of Ramona mercer’s theory: mother-newborn-father support

In the circumstance of hospitalization of the newborn in neonatal care units, the 
educational intervention that the health professional needs to demonstrate is based on 
scientific evidence provided by the care models. Ramona Mercer’s model would help 
in part to develop the process of acquiring nutritional knowledge in the newborn by 
its eager mother.

Nurses have recognized the importance of the process of becoming a mother 
(BAM) since studies Rubin’s, 1967 [21]. This was based on Ramona Mercer’s theory 
that requires extensive psychological, social and physical work toward mother. 
During this transition, a woman is more vulnerable and faces great challenges. Nurses 
have a unique opportunity to help women learn, gain confidence, and experience as 
they come to terms with their identity as mothers [22].

Four stages of the process of becoming a mother have been identified from nurs-
ing research reports: (a) commitment, attachment, and preparation during preg-
nancy to receive the newborn, (b) knowledge and attachment to the newborn (NB), 
learning the care of the NB and physical restoration during the first weeks after 
birth, (c) moving and advancing toward the normality of the first 4 months and (d) 
achievement of a maternal identity around 4 months of age of the infant. The stages 
are not discrete, they overlap in the maternal, infant, family, and environmental 
variables [23].

The adoption of the maternal role is a process that follows four stages of role acqui-
sition. These stages have been adapted from Thornton and Nardi’s 1975 research [24].

The four stages are: the first stage is anticipation, this stage begins during preg-
nancy and incorporates the first social and psychological adjustments to pregnancy. 
The mother generates the expectations of the role, speculates about it, establishes a 
relationship with the fetus that is in the intrauterine environment and the adoption 
of the role begins, then comes the formal stage that begins when the newborn is born 
and is included learning the role and its activation. Role behaviors are accommodated 
through the formal and agreed expectations of others in the mother’s own social 
system, then the informal stage which begins when the mother develops with her own 
stamp when performing the role not transmitted by the social system. The mother 
creates her new role by settling into her lifestyle based on her previous experiences 
and her future goals, finally, the personal or identity stage of the role appears, where 
the mother internalizes her own maternal role. The woman feels an effect of harmony, 
confidence, and aptitude in the way she carries out the role, reaching her maternal 
role and adapting it to her new reality.

Mercer in 1995, designs a “Maternal Role Adoption” model situated in 
Bronfenbrenner’s in 1979, concentric circles of the microsystem, mesosystem, 
and macrosystem. The original model proposed by Mercer was modified in 2000, 
changing the term exosystemic to mesosystem, which groups, influences, and 
interacts with people in the microsystem. Mesosystem interaction can influence 
what happens to the developing maternal role and to the child. The mesosystem 
includes daily care, the school, the workplace, and other entities found in the more 
immediate community [23].

The limited success of many of the interventions suggests that important areas 
of BAM have not been addressed, especially the relationship of the father with his 
newborn daughter or son and the mother, which would mean and determine the 
process of contention of the binomial, either in the interposition content on the 
process. For these reasons, the authors propose an expanded model of the complex 
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elements involved in BAM and the related contextual effects (see Table 1). Even if 
no study can be expected to cover the scope of this model, it provides a structure for 
selecting key aspects of the transition to motherhood that may be of special signifi-
cance in specific populations [26]. The mother, infant, and father are shown in the 
center of cooperating conditions that affect the process of becoming a mother and 
have the potential to facilitate or inhibit the process. These environment variables 
and attributes of the mother and infant are important concerns in both nursing 
interventions and future intervention research construct [26].

The importance of a conceptual base for health professionals in the orientation, 
guidance and education of mothers or main caregivers. Below is a summary of this 
important theory of care.

3. Final considerations

Clearly, the assertions and results of the investigations give consequently a posi-
tive effect on the knowledge and attitudes of the essential nutrient for infants such 
as breast milk. Among the findings, the percentage of schoolchildren who believed 
that breast milk is recommended for up to 2 years of life increased and that all moth-
ers produce adequate milk to feed their child, based on the results of this study, the 

Aspect Description

Author Ramona T. Mercer

Theory Becoming a mother (BAM)

Focus area Obstetric nursing and maternal-infant care

Main goal Understanding the experience and transition of women toward motherhood.

Key elements 1. Maternal commitment: The mother establishes an emotional commitment to 
her baby during the pregnancy.
2. Maternal learning: The mother acquires knowledge and skills related to the 
care and upbringing of the baby.
3. Development of a maternal role: The mother assumes the role of caregiver and 
establishes a unique relationship with her baby.
4. Maternal adaptation: The mother adjusts physically, emotionally, and socially 
to her new role.

Importance It helps health professionals to understand and support the transition to 
motherhood, promoting quality maternal and childcare.

Applications 1. Prenatal and postnatal education for mothers.
2. Guidance and support in the transition to motherhood.
3. Development of nursing interventions focused on the needs of mothers 
during pregnancy and postpartum.

Criticisms and 
developments

Mercer’s model has been widely used and accepted in the field of obstetric 
nursing, but it has also been the subject of debates and revisions to adapt to new 
realities and approaches in maternal and childcare.
After years of research, Mercer has taken this process and simplified it making 
her theory one of the only theories available for studying and working with 
families after birth regardless of environment, age, health disparities or 
socioeconomic class [25].

Designed and made by Mg. Patricia Triviño- Vargas.

Table 1. 
Summary of BAM theory by Ramona T. Mercer RN, PhD, FAAN.
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reference can be established that evidence on breastfeeding is given early before ado-
lescents start life as a couple and include schoolchildren of both sexes in educational 
programs on breastfeeding because it is known that men will have a vital influence on 
the woman’s decision about the feeding method for her child and the success or failure 
of lactation. Likewise, these educational intervention programs could be developed 
using new technologies, through the Internet, App, Social Networks, which could 
successfully replace traditional methods for the promotion of breastfeeding [27].

Breastfeeding is one of the most effective and cost-effective investments that 
nations can make for the health of their youngest members and the future health of 
their economies and societies [3].

In recent studies, political participation, poverty, employment, and income have 
been associated with breastfeeding practices at the state level and thus may make 
important contributions to maternal and child health. While peer, professional, and 
hospital lactation support were associated with state-level breastfeeding rates, only 
professional support—specifically, the presence of (International Board-Certified 
Lactation Consultants (IBCLC))—was substantially associated with breastfeeding 
rates after controlling for women’s status. Increasing the number of IBCLCs in each 
state is an important strategy to make breastfeeding practices a reality in the USA [28].

It should be noted that we must pay attention to variables that can be worked on 
in such a way that we generate changes in positive and sustainable attitudes over time 
to enhance the nutrition of infants. These variables or factors that are associated with 
a longer period of exclusive breastfeeding were: higher maternal education, having 
a partner, knowledge of breastfeeding, belonging to a lower income level, having a 
delivery attended by a qualified team, and low birth weight. This study allowed a 
better understanding of the abandonment of exclusive breastfeeding based on its 
social determinants, providing evidence to implement more effective interventions 
for nutrition [29].

Consequently, health education, model theories of nursing, and programs to 
promote breastfeeding constitute vital support to develop parental skills for mothers 
and fathers in neonatal units or in any context that requires knowledge support to face 
the family task regarding nutrition, best for your children. It is a constant challenge 
for the mother and the consequence for the well-being of the infant.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Infant Nutrition and Feeding

252

References

[1] Victora CG et al. Breastfeeding in the 
21st century: Epidemiology, mechanisms, 
and lifelong effect. The Lancet. 
2016;387(10017):475-490. DOI: 10.1016/
S0140-6736(15)01024-7

[2] Innocent Declaration On the 
Protection, Promotion and Support of 
Breastfeeding. 1990. Available from: 
htttp://waba.org.my/v3/wp-content/
uploads/2019/04/1990-Innocenti-
Declaration.pdf [Accessed: December 10, 
2022]

[3] United Nations International 
Children’s Emergency Fund (UNICEF). 
Nurturing the Health and Wealth 
of Nations: The Investment Case for 
Breastfeeding. Global breastfeeding 
investment case [Internet]. 2017. 
Available from: https://www.who.int/
nutrition/publications/infantfeeding/
global-bf-collective-investmentcase.
pdf?ua=1

[4] World Health Organization (WHO). 
Press release. 2017. Available from: 
https://www.who.int/es/news-room/
detail/01-08-2017-babies-and-mothers-
worldwide-failed-by-lack-of-investment-
in-breastfeeding

[5] World Health Organization. 
Protecting, Promoting, and Supporting 
Breast-Feeding: The Special Role of 
Maternity Services: A Joint WHO/
UNICEF Statement. Geneva: World 
Health Organization; 1989

[6] Balogun O, O’Sullivan E, 
McFadden A, Ota E, Gavine A, Garner C, 
et al. Interventions for promoting the 
initiation of breastfeeding. The 
Cochrane Database of Systematic 
Reviews. 2016;11(11):CD001688. 
DOI: 10.1002/14651858.CD001688.pub3

[7] McFadden A, Siebelt L, Marshall J, 
Gavine A, Girard L, Symon A, et al. 
Counseling interventions to enable 
women to initiate and continue 
breastfeeding: A systematic review 
and meta-analysis. International 
Breastfeeding Journal. 2019;14:42. 
DOI: 10.1186/s13006-019-0235-8

[8] Kim S, Park S, Oh J, Kim J, 
Ahn S. Interventions promoting exclusive 
breastfeeding up to six months after 
birth: A systematic review and meta-
analysis of randomized controlled 
trials. International Journal Nursing 
Studies. 2018;80:94-105. DOI: 10.1016/j.
ijnurstu.2018.01.004

[9] IRIS PAHO Pan American Health 
Organization. “Infant and young child 
feeding: Model chapter for textbooks for 
students of medicine and other health 
sciences” [Internet]. 2010. Available 
from: https://www.paho.org/hq/
dmdocuments/2010/IYCF_model_SP_
web.pdf

[10] Bernard J, De Agostini M, Forhan A. 
Breastfeeding duration and cognitive 
development at 2 and 3 years of age 
in the EDEN mother-child cohort 
American Academy of Pediatrics. Grand 
Rounds. 2013;29(6):64. DOI: 10.1016/j.
jpeds.2012.11.090

[11] De la Peña G. Evolution of 
breastfeeding throughout history. From 
the beginning of humanity to the present 
[Internet]. 2018. Available from: https://
www.revista-portalesmedicos.com/
revista-medica/evolucion-la-lactancia-
materna-lo-largo-la-historia-desde-
inicio-la-humanidad-la-present/

[12] Senior N. Aspects of infant  
feeding in eighteenth-century France.  



Breastfeeding, the Importance of Education during Neonatal Hospitalization
DOI: http://dx.doi.org/10.5772/intechopen.112257

253

Eighteenth-Century Studies. 1983;16(4): 
367-388. DOI: 10.2307/2738104

[13] Muñoz PF. The implantation of the 
drops of Milk in Spain (1902-1935): 
A study from the historical press. 
Asclepius. 2016;68(1):131

[14] Rollins NC, Bhandari N, 
Hajeebhoy N, Horton S, Lutter CK, 
Martines JC, et al. Lancet breastfeeding 
series group. Why invest and what will it 
take to improve breastfeeding practices? 
Lancet. 2016;387:491-504. DOI: 10.1016/
S0140-6736(15)01044-2

[15] American Academy of Pediatrics 
[Internet]. 2015. Available from: https://
www.healthychildren.org/English/
ages-stages/baby/breastfeeding/Pages/
Where-We-Stand-Breastfeeding.aspx

[16] Atalah E. Current status of 
breastfeeding in Chile. Medwave. 
2006;6(05):e3528. DOI: 10.5867/
medwave.2006.05.3528

[17] Ilabaca J, Atalah E. Breastfeeding 
at the southern metropolitan health 
service. Revista Chilena de Pediatria. 
2002;7:127-134. DOI: 10.4067/
S0370-41062002000200004

[18] Atalah E, Castillo C, Reyes C. 
Effectiveness of a national program  
to promote breastfeeding in Chile  
1993-2002. ALAN. 2004;54:374-379

[19] Ministry of Health (MINSAL). 
Technical report. National survey 
of breastfeeding in primary care 
(ENALMA) [Internet]. 2013. Available 
from: https://www.minsal.cl/sites/
default/files/INFORME_FINAL_
ENALMA_2013.pdf

[20] Martínez P, Martín E, 
Macarro D, Martínez E, Manrique J. 
Prenatal education and initiation 

of breastfeeding: Literature review. 
University Nursing. 2017;14:54-66. 
DOI: 10.1016/j.reu.2016.11.005

[21] Rubin R. Attainment of the maternal 
role. Part 1. Processes. Nursing Research. 
1967;16:237-245

[22] Mercer RT. Nursing support of the 
process of becoming a mother. Journal 
of Obstetric, Gynecologic, and Neonatal 
Nursing. 2006;35:649-651. DOI: 10.1111/
j.1552-6909.2006.00086. x

[23] Raile M, Marriner A. Models and 
Theories in Nursing. 8th ed. Barcelona, 
Spain: Elsevier; 2015. p. 600

[24] Weidman JC, Twale DJ, 
Stein EL. Socialization of graduate 
and professional students in higher 
education: A Perilous Passage?  
ASHE-ERIC Higher Education Report. 
Vol. 28, No 3. Jossey-Bass Higher and 
Adult Education Series; 2001

[25] Noseff J. Theory usage and 
application paper: Maternal role 
attainment. International Journal of 
Childbirth Education. 2014;29(3):58-61

[26] Mercer RT, Walker LO. A review 
of nursing interventions to foster 
becoming a mother. Journal of Obstetric, 
Gynecologic, and Neonatal Nursing. 
2006;35(5):568-582. DOI: 10.1111/j.1552-
6909.2006.00080. x

[27] Hernández C, Díaz-Gómez M, 
Romero M, Díaz M, Rodríguez V, 
Jiménez A. Effectiveness of an 
intervention to improve breastfeeding 
knowledge and attitudes among 
adolescents. Revista Española de Salud 
Pública. 2018;92:e201806033

[28] Yourkavitch J, Hall SP. Women’s 
status, breastfeeding support, and 
breastfeeding practices in the United 



Infant Nutrition and Feeding

254

States. PLoS One. 2022;17(9):e0275021. 
DOI: 10.1371/journal.pone.0275021

[29] Arocha G, Caicedo B, 
Forero L. Economic, social, and health 
determinants that influence exclusive 
breastfeeding in Colombia. Cadernos de 
Saúde Pública. 2022;38(9):e00186621. 
DOI: 10.1590/0102-311XES186621





Infant Nutrition and Feeding
Edited by R. Mauricio Barría

Edited by R. Mauricio Barría

 The field of infant nutrition and feeding has been a long-standing and permanent 
concern within the field of child health, given the crucial role it plays in the current and 
future health and development of individuals. Although optimal feeding practices are 

recognized to achieve greater well-being, growth, and child health, differences and 
gaps still persist. This book covers a variety of crucial topics related to infant nutrition 

and feeding, which have been grouped into four sections. The book comprises 16 
chapters that address pertinent issues on infant feeding. It places a strong emphasis 

on the process of breastfeeding and human milk intake, while also acknowledging the 
challenges and necessity for coverage in the case of infant formula intake. Additionally, 

it provides an overview of feeding patterns and interventions to enhance nutritional 
outcomes in young children. The book aims to contribute to the clinical work of health 
professionals tasked with addressing the infant nutrition and feeding needs of children 

in various settings and circumstances.

Published in London, UK 

©  2024 IntechOpen 
©  BWFolsom / iStock

ISBN 978-1-83768-553-0

Infant N
utrition and Feeding

ISBN 978-1-83768-555-4


	Infant Nutrition and Feeding
	Contents
	Preface
	Section 1
Lactation, Human Milk and Formula Milk: Components and Effects
	Chapter1
Breastfeeding Practices and Infant Development Outcomes
	Chapter2
Exclusive Breastfeeding
	Chapter3
Breast Milk and Metabolic Programming: Short-Term and Long-Term Health Benefits
	Chapter4
Polyamines in Human Milk and Their Benefits for Infant Health
	Chapter5
Technological Advances in Infant Formula Ingredients

	Section 2
Infant Feeding Overview and Perspectives
	Chapter6
Infant Nutrition and Feeding in the First 2 Years of Life
	Chapter7
Infant Feeding Practices: A Global Perspective
	Chapter8
Compliance to Infant and Young Child Feeding (IYCF) Indicators amongst Infants of Rural Saharanpur, India
	Chapter9
Suboptimal Child Feeding and Its Determinants

	Section 3
Infant Nutrition and Feeding for Infants with Special Problems
	Chapter10
Premature Infant Care and Feeding
	Chapter11
Breastfeeding and Premature Newborn in the NICU
	Chapter12
The Catch Up of Small for Gestational Age: Breast Milk Is It the Best?
	Chapter13
Exclusive Breastfeeding in Infants with Ankyloglossia: Does theTongue–Tie Interfere with Growth Patterns?

	Section 4
Breastfeeding Interventions
	Chapter14
Cost-Effectiveness and EquityTrade-Off for Breastfeeding Interventions
	Chapter15
Breastfeeding Support
	Chapter16
Breastfeeding, the Importance of Education during Neonatal Hospitalization




