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Role of Protein in Long-Term Health
and Metabolic Programming

Introduction
Human milk is
considered as the
best source of infant
nutrition. Evidence
shows that mother’s
milk contains several
bioactive agents that
aid in healthy growth
and development of
the child. The
composition of breast
milk is such that it
can prevent a
growing epidemic,
such as obesity, and
other
non-communicable
diseases that are a
result of poor early
nutrition.1,2

Breast milk is the gold standard for infant nutrition. Due to its unique composition, particularly
the quality and quantity of proteins, breast milk is the ideal nutrition to support an infant’s
healthy growth and development. The first 1000 days of an infant’s life is a critical window for
development and nutrition during this period can influence metabolic programming. An excess
of certain types of amino acids required in early nutrition, can cause early weight gain and can
lead to obesity. Therefore, a right quality and quantity of proteins is important for an optimal
development.

Composition of Breast Milk and Healthy Growth Patterns
Breast milk is species-specific and considered to be superior to any other breast milk substitute, and
hence is the ideal food within the first 6 months of an infant’s life, ensuring optimal growth and
development. Human milk is the most natural food and varies in composition from mother to
mother, from feed to feed, and from day to day.3 With respect to the composition, breast milk
consists of 88% water, which is why the infant is exclusively breast-fed for the first 6 months. The
total protein content in breast milk is 0.8–0.9 g/dL, which is less than a third of proteins when
compared with other mammalian milk.4 Moreover, human milk is whey-predominant, whereas
cow’s milk is casein-predominant (in human milk the whey/casein ratio is 72:28 and in cow’s milk it
is 18:82). In human whey proteins, all the essential amino acids are present, which provides
adequate nutrition for the healthy growth and development of the infant. Besides, this breast milk
also contains immunoprotective proteins, such as immunoglobulin A and lactoferrin, that protect
the infant from infections.2,5,6

Programming of Long-Term Health in The First 1000 Days
A growing body of evidence suggests that there exists a relationship between early nutrition and
development of disease in later childhood and adult life. Some of the most powerful factors for the
risk of obesity have been identified in the first 1000 days (from conception to 2 years of age) of the
infant’s life. This period is considered critical for both identifying and curbing certain factors that can
lead to obesity later on. The first 1000 days have been divided into three main periods, which are
prenatal (0–280 days), breast/formula-feeding phase (280 days to 6 months), and complementary
and early-feeding phase (6 months to 2 years). In the prenatal period, maternal nutrition and weight
gain contribute significantly to the child’s risk for obesity. In the breast/formula-feeding stage, the
protective role of breastfeeding is said to decrease the risk for obesity. However, cow-milk-based
formula-fed infants are at a greater risk of developing diseases mainly because of the higher protein
content in the formula which leads to increased levels of insulin-like growth factor-1 (IGF-1),
resulting in increased adiposity. The decreased risk of obesity due to breast milk, however, is
primarily attributed to lower energy and protein content than commercially available formulas. In
the complementary feeding phase, the infant is fed milk other than human milk, such as cow’s milk,
in addition to solid foods. The increased protein in animal milk may lead to a rapid weight gain in late
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childhood, and hence obesity in adult life. Therefore, long-term health is programmed in the first 1000
days of life, and the impact of early protein intake on growth and metabolic programming is becoming
increasingly important.7
Risk factors for obesity in first 1000 days.
Nutritional phase

Risk factor

Prenatal (0–280 days)

Higher maternal pre-pregnancy BMI
Excess maternal Gestational Weight Gain
Maternal Diabetes Mellitus (gestational or Type 1)
Genetic predisposition

Breast/Formula Feeding
(280 days–6 months of age)

Formula feeding
• Accelerated growth curve
• High energy intake
• High protein content
• Low concentration of polyunsaturated fatty acids

Complementary and Early Diet
(6 months–2 years of age)

Rapid weight gain
Early introduction of solids
High protein intake
Gut microbiome

Adapted from: Mameli et al.7

Impact of Being Overweight and Obese: Loss of Healthy Life Years
Incidences of childhood obesity are on the rise in recent times and have become a global issue. Obesity in
childhood is associated with serious short- and long-term health impacts that affect the quality of life,
performance, and lifespan of an individual. Several studies have shown that rapid weight gain in the first
2 years of life leads to obesity in late childhood and adulthood, thereby leading to loss of a healthy life in
the critical growth periods.8,9

Early Protein Hypothesis and Metabolic Dysprogramming
An increased intake of protein at an early age can lead to rise in insulin-like growth factor-1 or IGF-1
leading to increased adiposity. This phenomenon known as the early protein hypothesis is an important
causative factor in childhood obesity.7 Thus, early nutritional interventions are essential to avoid long-term
consequences on health and prevent non-communicable diseases later on.10 Modulating such metabolic
factors both pre- and postnatally can instigate a lasting effect on the overall health and disease into
adulthood and is termed as metabolic programming.8 In this regard, breast milk, is thought to be
protective and is deemed as a natural way of programming against excessive adiposity in adulthood.11 On
the other hand, increased protein intake with cow’s milk leads to increased intake of amino acids like
valine, leucine, iso-leucine, and threonine that stimulate IGF-1 which in turn can increase adipogenic
activity.12,9 This protective effect of breast-milk is due to the presence of hormones and adipokines that
contribute to a self-regulation of an infant’s appetite. The link between growth pathways and early protein
hypothesis is moderated by both quantity and quality of protein intake.9 The quantity of protein in breast
milk is considerably lesser when compared to that in cow’s milk.13 On the other hand, increased protein
intake with cow’s milk leads to increased intake of amino acids like valine, leucine, iso-leucine, and
threonine that stimulate IGF-1 which in turn can increase adipogenic activity.12,9 The amino acid profile
of the protein present in the breast milk determines its quality. Breast milk is predominantly rich in
whey protein and alpha-lactalbumin constitutes a large part of the whey.14 Alpha-lactalbumin has an
exceptionally high concentration of tryptophan which regulates neurobehavioural effects such as
appetite, satiation, mood, pain perception, and the sleep-wake rhythm.15,16 On the other hand, cow’s milk
contains less of alpha-lactalbumin and majorly constitutes glycomacropeptide (GMP) which is significantly
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rich in the branched chain amino acids (BCAAs) threonine but depleted in tryptophan.15 Branched chain
amino acids such as the leucine and threonine present in cow’s milk is predominantly linked with early
childhood obesity. Leucine is key in the activation of IGF-1 along with other insulin secreting hormones like
valine and isoleucine.8
Early protein hypothesis.
Thus, modifying the protein quality and quantity of infant
formula to make it more similar to human milk, is
Protein supply
considered beneficial in tackling obesity early in its
14,16
course.
Evidence suggested that modified protein
Insulin releasing amino acids
composition in infant formula with increased α-lactalbumin
concentration with GMP that accounts for 15% or 10% of
Insulin, IGF1
the protein and with a total protein content of <13 g/L was
associated with growth patterns in infants that were similar
Weight gain
Adipogenic
to those of breastfed infants due to a reduction in plasma
0–24
months
activity
17
concentrations of insulinogenic amino acids. The high
plasma concentrations of all the essential amino acids in
Adapted from: Koletzko, et al.8
infants fed α-lactalbumin-rich formulas suggested that
protein quantity can be reduced in a formula without compromising on the quality with use of high quality
protein sources.17 In line with the available evidence, the ESPGHAN in 2005 recommended that infant
formula contain proteins in the range of 1.8–2.0 g/100 kcal, which is closer in range to human milk and
also ensures minimum amino acid available for protein synthesis.18

Conclusion
Obesity is on the rise globally, and early nutrition has been associated with
late-childhood and adulthood obesity. Breast milk has emerged as protection
against the risk for obesity when compared with cow-milk-based formulas, because
of the low protein content in breast milk. Therefore, good early nutrition with
protein intake according to metabolic requirements (as is available in breast milk) or
formulas with protein and energy content close to that of breast milk can ensure
long-term development and health.
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